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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 ninth edition of the European Pharmacopoeia
comprising, unless otherwise stated, the main volume, published in 2016, 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.

Effectivedates New and revised monographs of national origin enter into force on
1 January 2020. 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
European Directives 2001l821EC, 200l/83/EC and 2003/63/EC, as
amended, on medicines for human a~~veterinary use.
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Substances for Pharmaceutical
Use
(ph. Eur. monograph 2034)

PhEur _

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

This monographdoes not apply to chemical precursors for
radiopharmaceutical preparations which are the subject of a
separate monograph (Chemical precursors for
radiopharmaceutical 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 pharinaceutical use of human or animal origin,
the requirements of chapter 5.1.7. Viral safetyapply.

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.

Substancefor 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.

Polymorphism 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.

PRODUCTION
Substances for pharmaceutical 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.

Generall\lonographs 11-39

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 technology (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
with r';sk of transmitting agents of animal spongiform
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). Ifwater 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 form 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 forms 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 form and/or to obtain
a substance with a higher bulk density.

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

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

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

W'here 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.

C:H.,.i\R~CTERS

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.

'X'h;:re a substance may show polymorphism, this may be
stated under Characters in order to draw this to the attention

www.webofpharma.com



11-40 General Monographs 2020

Table 2034.-1. - Reporting, identification and qualification of
organic impurities in active substances

Table 2034.-2. - Reporting, identification and qualification of
organic impurities in peptides obtained by chemical synthesis

Specific thresholds may be applied for impurities known to

be unusually potent or to produce toxic or unexpected
pharmacological effects.

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.

For DNA reactive impurities, the requirements of rCH
Guideline Nt7 Assessment and Control of DNA Reactive 
(Mutagenic) 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
fermentation 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. <Acceptance criteria for microbiological quality of
non-sterile substances for pharnzaceutical use in chapter 5.1.4.
Microbiological qualityof non-sterile pharmaceutical preparations
and substances for pharmaceutical usegives recommendations
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.

Sterility (2.6.1)
If intended for use in the manufacture of sterile dosage forms
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 testfor 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

Qualification
threshold

> 0.15 per cent
or a daily intake

of> 1.0 mg
(whichever is

the lower)

> 0.05 per cent

Qualification
threshold

> 1.0 per cent

Identification
threshold

> 0.10 per cent
or a daily intake

of> 1.0 mg
(whichever is

the lower)

> 0.05 per cent> 0.03 per
cent

> 0.05 per
cent

Reporting
threshold

Identification
threshold

> 0.5 per cent

~ 2 g/day

Not > 0.10 per > 0.20 per cent > 0.50 per cent
applicable cent

> 2 g/day

Maximum
daily
dose

Reporting
threshold

> 0.1 per cent

Use

Human use
or human

and
veterinary

use

Human use
or human

and
veterinary

use

Veterinary
use only

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 all circumstances.
The test or tests that constitute the 'Second identification'
may be 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 of the
monograph.

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.

www.webofpharma.com



PhEtr _

DEFINITION
Josamycin is a macrolide antibiotic obtained by fermentation
using, for example, certain strains of Streptomyces narbonensis
var. josamyceticus var. nova. The main component is
(4R,SS,6S,7R,9R, lOR,IIE,13E,16R)-4-(acetyloxy)-6-[[3,6
dideoxy-4-G-[2,6-dideoxy-3-C-methyl-4-0-(3
methylbutanoyl)-ct.-L-ribo-hexopyranosyl]-3-(dimethylamino)
~-D-glucopyranosyl]oxy]-10-hydroxy-5-methoxy-9, 16
dimethyl-7-(2-oxoethyl)oxacyclohexadeca-ll,13-dien-2-one.

Content
.Minimum 900Ph.Eur. U.lmg (dried substance).

CHARACTERS
Appearance
White or slightly yellowish powder, slightly hygroscopic.

Solubility
Very slightly soluble in water, freely soluble in methanol and
in methylene chloride, soluble in acetone.

IDENTIFICATION
First identification: A, C.
Second-ideruification: A, B.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 0.10 g in methanolR and dilute to

100.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 50.0 mL with methanolR.
Spectral range 220-350 TIm.

Absorption maximum At 232 nm.

Specific absorbance at the absorption 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 rnL of methanol R.

Reference solution (aJ Dissolve 10 mg ofjosamycin CRS in
2.5 mL of methanol R.
Reference solution (b) Dissolve 10 mg of josamycin
propionate CRS in 2.5 mL of methanolR.

Plate TLC silica gel GF254 plate R.

Mobilephase methanolR, acetone R, ethyl acetate R, toluene R,
hexaneR (8:10:20:25:30 VIVIVIVIV).

Application 5 ilL.
Development Over 2/3 of the plate.

2020

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

Additional properties
Control of additional properties (e.g. physical characteristics,
functionality-related characteristics) may be necessary for
individual manufacturing processes or formulations. Grades
(such as sterile, endotoxin-free, pyrogen-free) may be
produced with a view to manufacture of preparations for
parenteral administration or other dosage forms and
appropriate requirements may be specified in an individual
monograph.

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

LABELLING
In general, labelling is subject to supranational and national
regulation and to intemational agreements. The statements
under the headingLabelling therefore are not comprehensive
and, moreover, ·.for~e purposes of the Pharmacopoeia only
those statements~h~fare necessary to demonstrate
compliance or non-compliance with the monograph are
mandatory. Any-other labelling statements are included as
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.

Where appropriate, the label states that the substance is:
- intended for a specific use;
- of a distinct crystalline form;
- of a specific degree of fineness;
- compacted;
- coated;
- granulated;
- sterile;
- free from bacterial endotoxins;
- free from pyrogens;
- containing gliding agents.

Where applicable, the label states:
- the degree of hydration;
- the name and concentration of any excipient.
_____________________ PhEur

Josamycin
(ph. Eur. monograph 1983)

Action and use
Antibacterial.

828

Iosamycin 11-41

***'* ** ** ****

16846-24-5
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Flow rate 2.0 mlJrnin.

Detection Spectrophotometer at 232 urn.

Injection 10 ul, of the test solution and reference
solutions (b), (c), (d) and (e).

Identification of impurities Use the chromatogram supplied
with josamycinfor peak identification CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities A, B, C, D and E.

Relatioe 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 suitability Reference solution (d):
- resolution: minimum 1.7 between the 2 peaks due to

josamycin and the peak eluted with a relative retention
with reference to josamycin of about 1.1;

- retention time of josamycin: between 32 min and 38 min.

If necessary, adjust the concentration of acetonitrile in the
mobile phases.

Limits:
- impurities AJ BJ CJ D, E (any shoulder observed on the

peak due to impurity A and/or the peak due to impurity B
is not to be integrated separately): for each impurity, not
more than the area of the principal peak in the
chromatogram obtained with reference solution (b)
(5.0 per cent);

- any other impurity: not morethan 0.6 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (3.0 per cent);

- total: not more than 4 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 with reference 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 methanolR and dilute to
100.0 mL with waterR.
Carry out the microbiological assay of antibiotics (2.7.2).

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B, C, D, E.
Other detectable impurities (thefollowing substances uiould, 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 impurities andlor by the general
monographSubstances for pharmaceutical use (2034). It is
therefore not necessary to £dentify these impurities for
demonstration of compliance. See also 5.10. Controlof impurities
in substances for pharmaceutical use) F, G, H, I, J, K

11--12 Josamycin

Drying At 100 °C for 10 min.

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 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 peak in the chromatogram obtained
with the test solution is similar in position 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 not more intensely coloured
than reference solution BY4 (2.2.2J Method II).

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

Specific optical rotation (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 min before
measuring the angle of rotation.

Related substances
liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, waterR (30:70 VIV).

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 ofjosamycin 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 of josamycinfor peak
identification CRS (containing impurities A, BJ C, D and E)
in 5 mL of the solvent mixture.

Column:
- size: l =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.lII1);
- temperature: 45 "C.

Mobile phase:
- mobile phase A: mix. 3 volumes of a 67.9 gIL solution of

tetrabutylammonium hydrogen sulfate R, 5 volumes of a
27.6 gIL solution of sodium dihydrogen phosphate
monohydrate R adjusted to pH 3.0 with dilutephosphoric
acidR, and 21 volumes of acetonitrile R, and dilute to
100 volumes with waterR;

- mobile phase B: mix 5 volumes of a 27.6 gIL solution of
sodium dihydrogen phosphate monohydrate R adjusted to
pH 3.0 with dilutephosphoric acid R, and 5a volumes of
acetonitrile R, and dilute to 100 volumes with waterR;-

Time
(min)

0-38

38 - 55

Mobile phase A
(per cent VIJI)

100

100 ....... a

2020

Mobile phase B
(per cent VIJI)

a
0 ....... 100

www.webofpharma.com



2020 Josamycin 11-43

H OH

OHC

~3 );ooH--.
A_ CH, H'C~ H

a ~01 N OH HO,.[

~
CH3

H. (4R,5S,6S,7R,9R,10R,IIE,13E,16R)-6-[[3,6-dideoxy-4-0
[2,6-dideoxy-3-C-methyl-4-0-(3-methylbutanoyl)-~-L-ribD:
hexopyranosyl] -3-(dimethylamino)-p-n-glucopyranosyl]
oxy]-4,1 O-dihydroxy-5-meth.oxy-9,16-dinnethyl-7-(2
oxoethyl)oxacyclohexadeca-l1,13-dien-2-one,

OHC
CH3 H--hoo OCH3

CH3 H3C~.....CH3 •..{ --H 0

oA
Vo o

N HOH: --H
CH3

CH3 OH
OH

CH3

G. (4R,5S,6S,7R,9R,10R,11E,13E,16R)-6-[[4-0-(4-0-acetyl
2,6-dideoxy-3-C- methyl-ce-t-neo-hexopyranosyl)-3,6
dideoxy-3-(dimethylamino)-l3-n-glucopyranosyl]oxy]-4,10
dihydroxy-5-methoxy-9,I6-dinlethyl-7-(2-oxoethyl)
oxacyclohexadeca-11,13-dien-2-one,

H OH

F. (4R,5S,6S,7R,9R,lOR,11E,13E,16R)-6-[[3,6-dideoxy-4-0
(2,6-dideoxy-3-C-methyl-CX-L-ribo-hexopyranosyl)-3
(dimethylamino)-p-n-glucopyranosyI] oxy]-4, 10-dihydroxy
5-methoxy-9,16-dimethyl-7-(2-oxoethyl)oxacyc1ohexadeca
11,13-dien-2-one, _

esc ~~x~
CH3 CH3 H-- ).. hoo OCH3

CH3 H3C~N.....CH3. ..{ --H 0
o --H0v00 a==) •.{ 0CH3CH3 OH

OH '

~c

CH3

E. (4R,5S,6S,7R,9R,lOR,11E,13E,16R)-6-[[3,6-dideoxy-4-0
[2,6-dideoxy-3-C-methyl-4-o-(3-methylbutanoyl)-~-L-ribo
hexopyranosyl] -3-(dirnethylamino)-~-n-g1ucopyranosyl]
oxy]-l 0-hydroxy-5-methoxy-9,16-dimethyl-7-(2-oxoethyl)
4-(propanoyloxy)oxacydohexadeca-ll,13-dien-2-one,

B. (4R,5S,6S,7R,9R,10R,11E,13E,16R)-4-(acetyloxy)-6
[[3, 6-dideoxy-4-0-[2,6-dideoxy-:-3-C-r.nethyl-4,.O-(3
r.nethylbutanoyl)-a.-L-ribo-hexopyranosyl] -3
(dimethylamino)-p-n-glucopyranosyl]oxy]-10-hydroxy-7
(2-hydroxyethyl)~5-methoxy-9,16

dirnethyloxacyclohexadeca-ll,13-dien-2-one,

C. unknown structure,

D. (4R,5S,6S,7R,9R,10Z,12E,14R,16R)-4-(acetyloxy)-6
[[3, 6-dideoxy-4-0- [2,6-dideoxy-3-C-r.nethyl-4-0-(3
methylbutanoyl)-a.-L-ribo-hexopyranosyl] -3
(dimethylamino)-p-n-glucopyranosyl] oxy]-14-hydroxy-5
methoxy-9,16-dimethyl-7-(2-oxoethyl)oxacyclohexadeca
10,12-dien-2-one (isojosarnycin),

A. (4R,5S,6S, 7R,9R, lOR, lIE,13E,16R)-4-(acetyloxy)-6
[[3,6-dideoxy-4-0-(2,6-dideoxy-4-0-butanoyl-3-C-methyl
~-L-ribo-hexopyranosyD-3-(dimethylarnll1o)-p-n

glucopyranosyijoxy]-10-hydroxy-5-r.nethoxy-9,16
diInethyl-7-(2-oxoethyl)oxacyclohexadeca-ll,13-dien-2
one,
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PhEur _

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

884

870

C45H 73N016

C44H71N0 16

Mol. FormulaR

A3

A4

Leucomycin
propionate

(ph. Eur. monograph 1982)

Josamycin Propionate

Action and use
Antibacterial.

DEFINITION
Propionyl ester of a macrolide antibiotic produced by certain
strains of Streptomyces narbonensis var. josamyceticus var. nova,
or obtained by any other means. The main component is
(4R,5S,6S,7R,9R,10R,11E,13E, 16R)-4-(acetyloxy)-6-[[3,6
dideoxy-4-~[2,6-dideoxy-3-C-methyl-4-0-(3

methylbutanoyl)-ct-L-ribl!:h~:l{opyranosyl]-3-(dimethyl amino)
~-D-g1ucopyran6syl] oXy]-5-methoxy-9,Io-dimethyl-?-(2
oxoethyl)-10-(propanoyloxy)oxacyc1ohexadeca-11,13-dien-2
one propionate (leucomycin A3 propionate).

Semi-synthetic product derived from a fermentation product.

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

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

Solubility
Practically insoluble in water, freely soluble in methanol and
in methylene chloride, soluble in acetone.

IDENflFICATION
First identification: A, B.

Secondidentification: B, C.

Prepare solutions 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 solution to
50.0 mL with methanol R. Examined between 220 nm and
350 nm (2.2.25), the solution shows an absorption maximum
at 231 nm. The specific absorbance 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 sanae
solvent.

Reference solution (a) Dissolve 10 nag of josamycin
propionate CRS in methanol R and dilute to 1 mL with the
same solvent.

H OH

K. (4R,5S,6S, 7R,9R, lOR,lIE, 13E,16R)-4-(acetyloxy)-6-
[[3,6-dideoxy-4-0-(2,6-dideoxy-3-C-methyl-4-0
propanoyl-ct-L-r£bo-hexopyranosyl)-3-(dimethylamino)-~-D

glucopyranosyl] oxy]-10-hydroxy-5-methoxy-9,16
dimethyl-7-(2-oxoethyl)oxacyclohexadeca-l1,13-dien-2
one.

OHC l
CH

3
?H

3
0 0 H'- OCH3 l~

j H3C~rcH3 : --H 0'N/ H
o 0 , --H

o 0V O==< H ° CHCH3 3
OH OH CH3

J. (4R,5S,6S,7R,9R, 10R,11E,13E,16R)-4-(acetyloxy)-6-
[[3,6-dideoxy-4-0-(2,6-dideoxy-4-0-hexanoyl-3-C-methyl
ct-L-ribo-hexopyranosyl)-3-(dimethylamino)-~-D
glucopyranosyl] oxy]-10-hydroxy-5-methoxy-9, 16
dimethyl-?-(2-oxoethyl)oxacyclohexadeca-11,13-dien-2
one,

1. (4R,5S,6S,7R,9R, 1OR, lIE, 13E,16R)-6-[[3,6-dideoxy-4-0
(2,6-dideoxy-3-C-methyl-4-0-propanoyl-ct-L-ribo
hexopyranosyl)-3-(dimethylamino)-~-D-g1ucopyranosyl]
oxy]-4,10-dillydroxy-5-naethoxy-9,16-dirnethyl-7-(2
oxoethyl)oxacyc1ohexadeca-l1,13-dien-2-one,

____________________ PhEur
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Reference solution (b) Dissolve 10 mg ofjosamycin CRS in
methanolR 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 (b).

Plate TLC silica gel G plate R.

j1;Iobile phase methanolR, acetone R, ethyl acetate R, toluene R,
hexane R (8: 10:20:25:30 VIVIVIVIV).

Application 10 ilL.
Development Over 2/3 of the plate.

Drying At 100 °C for 10 min.

Detection Spray with dilutesulfuric acidR and heat at 100°C·
for 10 min.

System.suitability 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, colour and 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 hydrochloric add R1 and
allow to stand for 10-20 min. A pink colour develops,
turning brown.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY4 (2.2.2~ Method II).

Dissolve 1 g in meihanolR and dilute to 10 mL with the
same solvent.

Specific optical rotation (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 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 solution (a) Dissolve 50.0 mg ofjosamycin
propionateCRS in acetonitrile 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 rnL of methanolR and add 40 ul, of dilute
phosphoric acidR. Mix, allow to stand for 5 min and inject.

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

Column:
- size: 1= 0.15 m, 12) = 3.9 mm,
- stationary phase: end-cappedoctadecylsilyl silica gelfor

chromatography R (5 um),
- temperature: 30 DC.

Mobiie phase acetonitrile R, a 15.4 gIL solution of ammonium
acetateR previously adjusted to pH q.O With dilutephosphoric
acidR(60:40 VIV). .'. ;c::::l'~!t~

Flow rate 1.0 mL'min. ':4"·

Detection Spectrophotometer at 232 nm.

josamycin Propionate 11-45

Injection 20 ~LL of the test solution and reference
solutions (b) and (c).

Run time ·3 times the retention time of leucomycin A3
propionate.

Relative retention With reference to leucomycin A3
propionate (retention time = about 18 min):
impurity E = about 0.2; impurity A = about 0.3;
impurity B = about 0.5; leucomycin A4
propionate =about 0.7; impurity C =about 1.4;
impurity D = about 2.0.

System suitability Reference solution (b):
-resolution: minimum 2.0 between the 2 peaks eluting with

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

Limits:
- impurityD: not more than 1.5 times the area of the

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

- impurities A~ B~ C~ E: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (c),

- any other impurity: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c),

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

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference 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°C for 3 h.

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

ASSAY
Dissolve 40.0 mg in 20 rnL of methanolR and dilute to
100.0 mL with phosphate buffersolution pH 5.6 R.

Carry out the microbiological assay of antibiotics (2.7.2).

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A~ B~ C~ D~ E.

OHC

CH3 H····
I 0 0 . OCH3oX:v:3cp"3 ')=<H~ .... ····H 0

CH
3
?~, H

OH OH CH3

CH3

A. leucomycin A8 9-propionate,
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B. leucomycin AS 9-propionate,

C. platenomycin Al 9-propionate,

a
H o~H -,

3C ", CH
3H····

D.leucomycin A3 3",9-dipropionate,

E. (4R,5S,6S,7R,9R,10R,11E,13E,16R)-4-(acetyloxy)-6
[[3,6-dideoxy-4-0-[2,6-dideoxy-3-C-methyl-4-0-(3
methylbutanoyl)-l'...(-L-ribo-hexopyranosyl]-3
(dimethylamino)-~-D-g1ucopyranosyl]oxy]-10-hydroxy-5
methoxy-9, 16-dimethyl-7-(2-oxoethyl)oxacyclohexadeca
11,13-dien-2-one (josamycin).

-------- ~ PhEur
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Kanamycin Acid Sulfate
Kanamycin Acid Sulphate

(Ph. Eur. monograph 0033)

Action and use
Aminoglycoside antibacterial.

PhEur -'-- _

DEFlNITION
Kanamycin acid sulfate is a form of kanamycin sulfate
prepared by adding sulfuric acid to a solution of kanamycin
monosulfate and drying by a suitable method. The potency is
not less than 670 IV/mg, calculated with reference to the
dried substance.

Fermentation product.

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, soluble in
about 1 part of water, practically insoluble in acetone and in
ethanol (96 per cent).

IDENTIFICATION
. 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_gof silica gelH R.
Heat the plate at 1iaoe for 1 h, allow to cool and use
immediately.

Test solution 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 water R and dilute to' 10 mL with the
same solvent.

Reference solution (b) Dissolve 10 mg of kanamycin
monosulfate,CRS, 10 mg ofneomycin sulfate CRS and 10 mg
of streptomycin sulfate CRS in waterR and dilute to 10 mL
with the same solvent.

Apply separately to the plate 10 JlL 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 a mixture of equal volumes of a 2 gtL
solution of 1J 3-dihydroxynaphthalene R in ethanol
(96 per cent) R and a 460 gIL solution of sulfuric acid R. Heat
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 principal spot in the
chromatogram obtained with 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 g in 10 mL of waterR. Add 10 mL of picric
acid 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 waterRand
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 waterR. Add 1 mL of a
10 gIL solution of ninhydrin R and heat for a few minutes on
a water-bath. A violet colour develops.
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PhEur _

Kanamycin Sulfate

5965-95-7601

HO

o
I NHz

OHQo HO-
OH

HO 0 'NHz
OH

DEFINITION
6-()-(3-lUIUno-3-deoxy-a-D-glucopyranosyD-4-()-(6-amino-6
deoxy-a-D-glucopyranosyl)-2-deoxy-D-streptamine sulfate
monohydrate.

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

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.

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

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

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 kanamycin
monosulfate CRS in waterR 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 CRS in waterR and dilute to 10 mL
with the same solvent.

Plate Suitable plate coated with a 0.75 mm layer of a
mixture prepared as follows: 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 Rand
add 30 g of silica gelH R.
Pretreatment Heat the plate at 110°C for 1 h, allow to cool
and use immediately.

Mobile phase 70 g/L solution of potassium dihydrogen
phosphate R.
Application 10 ,uL.
Development Over a path of 12 em.

Kanamycin Sulphate

(Kanamycin Monosulfate, Ph. Bur. monograph 0032)

Action and use
Aminoglycoside antibacterial.

____________________ PhEur

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-proof
container.

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

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

pH (2.2.3)
The pH of solution S is 5.5 to 7.5.

Specific optical rotation (2.2.7)
+103 to +1l5, determined on solution S and calculated with
reference to the dried substance.

KanamycinB
Examine by thin-layer chromatography (2.2.27), using a plate
prepared as prescribed under identification test A.
Heat the plate at 110°C for 1 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 mL with the same solvent.

Apply separately to the plate 4 !1L of each solution. Develop
over a path. ()(12 cm using a 70 gIL solution of potassium
dihydrogen pho~phate R. Dry the plate in a current of warm air
and spray with ninhydrinand stannous chloride reagent R. Heat
the plate at J 10 °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 (2.2.32)
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 (2.4.14)
Not more than 0.5 per cent, determined on 1.0 g.

Sulfate
23.0 per cent to 26.0 per cent of sulfate (S04), calculated
with reference to the dried substance. Dissolve 0.175 gin
100 mL of waterR 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 ofphthalein 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.

1 mL of 0.1 M barium chloride is equivalent to 9.606 mg of
sulfate (SOJ.

Pyrogens (2.6.8)
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 injections R containing 10 mg per millilitre of the
substance to be examined.
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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-dihydroxynaphthalene R in ethanol
(96 per cent) R and a 460 gIL solution of sulfuric acid R. 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 obtained with
reference solution (a).

B. Dissolve 0.5 g in 10 mL of waterR. Add 10 mL of picric
acid 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 waterRand
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 waterR. Add 1 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 (2.3.1).

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

pH (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.

KanamycinB
Thin-layer chromatography (2.2.27) as described under
Identification A with the following modifications.

Test solution Dissolve 0.1 g of the substance to be examined
in waterR and dilute to 20 mL with the same solvent.

Reference solution Dissolve 4 mg of kanamycinB sulfate CRS
in waterR and dilute to 20 mL with the same solvent.

Application 4!1L.
Detection Spray with ninhydrin and stannous chloride
reagent R. Heat at 110°C for 15 min.

Limit:
- kanamycinB: 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 (2.2.32)
Maximum 1.5 per cent, determined on 1.000 g by drying at
60°C at a pressure not exceeding 670 Pa for 3 h.

Sulfated ash (2.4.14)
Maximum 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 gin 100 mL of waterR and adjust the
solution to pH 11 with concentrated ammonia R.
Add 10.0 mLof 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 cent) R when the colour of the
solution begins to change and continue the titration until the
violet-blue colour disappears.

1 mL of 0.1 l\II barium chloride is equivalent to 9.606 mg of
S04'

2020

Pyrogens (2.6.8)
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 rnL of a 10 mg/ml,
solution of the substance to be examined in waterfor
injectians R.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).

STORAGE
If the substance is sterile, store in a sterile, tamper-proof
container.
____________________ PhEur

Heavy Kaolin
(ph. Eur. monograph 0503)

Preparation
Kaolin Poultice

When kaolin is prescnbed or demanded, Light Kaolin shall
be dispensed or supplied, unless it is ascertained that Light
Kaolin (Natural) is required.
PhEur _

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

CHARACTERS
Appearance __ .
Fine, white or greYish-white, unctuous powder.

Solubility
Practically insoluble in water and in organic solvents.

IDENTIFICATION
A. To 0.5 g in a metal crucible add 1 g of potassium nitrate R
and 3 g of sodium carbonate R and heat llgpl the mixture
melts. Allow to cool. To the residue add 20 mL of boiling
waterR, mix and filter. Wash the residue with 50 mL of
waterR. To the residue add 1 mL of hydrochloric acidRand
5 mL of waterR. Filter, To the filtrate add 1 mL of strong
sodium hydroxide 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 gin 20 portions to 100 mL ofa 10 gIL solution
of sodiumlaurilsulfate R in a 100 mL graduated cylinder
about 30 mID in diameter. Allow 2 min between additions
for each portion to settle. Allow to stand for 2 h.
The apparent volume of the sediment is not greater than
5 mL.
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 acidRand 34 mL of
distilled water R, shake for 1 min and filter.

Acidity or alkalinity
To 1.0 g add 20 mL of carbon dioxide-free waterR, 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 AtIsodium hydroxide is
required to change the colour of the indicator to pink.
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Organic impurities
Heat 0.3 g to redness in a calcination tube. The residue is
only slightly more coloured than the 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 waterR. The solution is not more intensely coloured
than a 0.03 gIL solution of methylene blueR.

Swelling power
Triturate 2 g with 2 mL of waterR. The mixture does not
flow.

Substances soluble in dilute hydrochloric acid
Maximum 1 per cent. .

To 5.0 g add 7.s mL of dilute hydrochloric acidR and
27.5 mL of waterR and boil for 5 min. Filter, wash the
residue on the filter with waterR and dilute the combined
filtrate and washingsto 50.0 mL with water R. To 10.0 mL
of the solution addn.s mL of dilute sulfuric acidR, evaporate
to dryness on a water-bath and ignite. The residue weighs a
maximum of 10 mgs.

Chlorides (2.4.4};
Maximum 250ppril.

Dilute 2 mL ofsolution 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 103 CFU/g (2.6.12).

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

LABELLING
The label states, where applicable, that the substance is
suitable for internal use.
_____________________ PhEur

Light Kaolin
Action and use
AntidiarrhoeaI.

Preparations
Kaolin Mixture

Kaolin and Morphine Mixture

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

DEFINITION
Light Kaolin 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

IDE':'nIDCATION
A. TO'05 g in a metal crucible add I g of potassium nitrate
and 3 g of sodiumcarbonate and heat until the mixture melts .
...Allow to cool. To the residue add 20 mL of boiling water,
rID.'X and filter. Wash the residue with 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 sodium hydroxide
solution, filter and add to the filtrate 3 mL of ammonium
chloride solution. A gelatinous white precipitate is produced.

B. 0.25 g yields the reaction characteristic of silicates,
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 cm x 35 mm), add 60 mL of a 1% w/v solution of
sodiumpyrophosphate, 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
liquid add SO mL of water, shake, allow to stand for
5 minutes and withdraw 50 mL in the same manner as
before. Repeat the operation until a total of 400 mL of
suspension has 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 waterby 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 glass dish
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
portion using a pipette with its tip exactly 5 cm below the
surface and without disturbing the sediment. Transfer the
second portion to a glass dish, 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 weight of the
residue from the first portion.

Arsenic
0.50 g dispersed in 25 mL of water complies with the limit
testfor arsenic, Appendix VII (2 ppm).

.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
~·'hen dried to constant weight at 105°, loses not more than
1.5% of its weight. Use 1 g.

Loss on ignition
W'hen ignited at 600°, loses not more than 15.0% of its
weight. Use 1 g.

Soluble matter
Boi12 g with 100 mL of a.2M hydrochloric acid under a reflux
condenser for 5 minutes, cool, filter and evaporate 50 mL of
the filtrate to dryness. The residue, after ignition at about
600° for 30 minutes, weighs not more than 10 mg.
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and enantiomer , Hel

(ph. Bur. monograph 1020)

Ketamine Hydrochloride

1867-66-9274.2C13H17C1 2NO

Preparation
Ketamine Nasal Spray

PhEur _

Chloride
Boil 1.0 g with 80 mL of waterand 20 mL of 2M nitricacid
under a reflux condenser for 5 minutes, cool and filter.
15 mL of the filtrate complies with the limit testfor chlorides,
Appendix VII (330 ppm).

Loss on drying
When dried to constant weight at 105°, loses not more than
1.5% of its weight. Use 1 g.

Loss on ignition
When ignited at 600°, loses not more than 15.0% of its
weight. Use 1 g.

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

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

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). .

mp
About 260°C, with decomposition.

IDENTIFICATION
A. Optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

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

TESTS
Solution S
Dissolve 10.0 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) MethodII).

pH (2.2.3)
3.5 to 4.1.

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

DEFINITION
Light Kaolin (Natural) 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 powder free from gritty particles; odourless or
almost odourless; unctuous.

Practically insoluble in waterand in mineral acids.

IDENTIFICATION
A. To 0.5 g in a metal crucible add 1 g of potassium nitrate
and 3 g of sodium carbonate and heat until the mixture melts.
Allow to cool. To the residue add 20 mL of boiling water,
mix and filter. Wash the residue with 50 mL of water, add to
the residue 1 rnL of hydrochloric acid and 5 mL of water, mix
and filter. To the filtrate add 1 mL of strong sodium hydroxide
solution, filter and add to the filtrate 3 mL of ammonium
chloride solution. A gelatinous white precipitate is produced.

B. 0.25 g yields the reaction characteristic of silicates,
Appendix VI.
C. Triturate 2 g with 2 mL of water. The resulting mixture
does not flow.

Action and use
Antidiarrhoeal.

Preparations
Kaolin Mixture

Kaolin and Morphine .Mixture

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

Light KaoUn (Natural)

TESTS
Coarse particles
Transfer 5 g to a stoppered cylinder (about
16 em x 35 mrn), add 60 mL of a 1% w/v solution of
sodium pyrophosphate, shake thoroughly and allow to stand for
5 minutes. Using a pipette, withdraw 50 mL from a point
about 5 ern below the surface of the liquid. To the remaining
liquid add 50 mL of water, shake, allow to stand for
5 minutes and withdraw 50 mL in the same manner as
before. Repeat the operation until a total of 400 mL of
suspension has 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 watercontaining 50 mg of sodium
pyrophosphate 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 glass dish 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 portion using a
pipette with its tip exactly 5cm below the surface and
without disturbing the sediment. Transfer the second portion
to a glass dish, 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 weight of the residue
from the first portion.

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

_________-.,.. PhEur

5965-49-1

and enantiomer

283.8

CIX)o IA:- #.

U~OH

.yQ;;CH
3_ N

\, j , HCI
CH3

HO 0

(Ph. Bur. monograph 1746)

~
I ~

o 1#
HO

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

Comparison Ph. Bur. reference spectrum of ketobemidone
hydrochloride.

B. Solution S (see Tests) gives reaction (a) of chlorides
(2.3.1).

C. (2-chlorophenyl)(1-hydroxycyc1opentyl)methanone.

Action and use
Opioid receptor agonist; analgesic.

Ketobemidone Hydrochloride

B. (2RS)-2-(2-chlorophenyl)-2-hydroxycyc1ohexanone,

A. 1-(2-chloro-N-methylbenzimidoyl) cyc1opentanol,

IMPURITIES
Specified impurities AJ BJ C.

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

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

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 solution (a) Dissolve 5 mg of ketamine
impurityA CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase (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 (b) Dilute 1.0 mL of the test solution to
10.0 mLwith the mobile phase. Dilute 1.0 mLofthis
solution to 50.0 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 =4.0 mID;
- stationaryphase: octadecylsilyl silica gelfor chromatography R

(5 um).

Mobz7e phase Dissolve 0.95 g of sodium hexanesulfonate R in
1 L of a mixture of25 volumes of acetonitrile Rl and
75 volumes of waterR and add 4 mL of acetic acid R.

Flow rate 1.0 mlJmin.
Detection Spectrophotometer at 215 DID.

Injection 20 jlL.

Run time 10 times the retention time of 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.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

ketamine and impurity A.
Limits:
- impurities AJ BJ C: for each impurity, not more 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 area of the principal peak in 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 with reference
solution (b) (0.5 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 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 methanolR and add 1.0 mL of
0.1 M hydrochloricacid. Carty out a potentiometric titration
(2.2.20), using 0.1 M sodiumhydroxide. Read the volume
added between the 2 points of inflexion.

1 mL of 0.1 1'\1 sodium hydroxide is equivalent to 27.42 mg of
C13H17ClzNO.

STORi\GE
Protected from light.
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TESTS
Solution S
Dissolve 0.250 g in carbon dioxide-free water 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 Bs (2.2.2, MethodII).

pH (2.2.3)
4.5 to 5.5 for solution S.

Related substances
Liquid chromatography (2.2.29).

SolutionA 1.54 gIL solution of ammonium acetate R
adjusted to pH 8.0 with dilute ammoniaRl.
Testsolution 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 1 mg of ketobemidone
impurity B CRS and 1 mg of ketobemidone 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: l = 0.25 m, 0 = 4.6 mID;
- stationary phase: phenylhexylsilyl silica geljor

chromatography R (5 JlID);
- temperature: 40 DC. .

Mobile phase acetonitrile R, solution A (20:80 V/V).

Flow rate 1.5 mllmin.
Detection Spectrophotometer at 278 nm.

Injection 20 ilL.
Run time 4.5 times the retention time of ketobemidone.

Relatioeretention 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 each impurity, not more 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 area of the principal peak in 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 with reference solution (b)
(0.05 per cent).

Water (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 0.200 g in a mixture of 5.0 mL of
0.01 M hydrochloric acidand 50 mL of ethanol (96 per cent) R.
Carry out a potentiometric titration (2.2.20) using

2020

0.1 AI sodium hydroxide. Read the volume added between the
2 points of inflexion.

1 mL of 0.1 j\;[ sodium hydroxide is equivalent to 28.38 mg
of ClsHz2C1NOz.

IMPl..JRITIES
Specified impurities A, B, C, D.
Other delectable impurities (the[ollounng substances would, if
present at a sufficientlevel, be detected by oneor other oj 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 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) E.

and trans isomer

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

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

C. 1-[4- (3-hydroxyphenyl)piperidin-4-yl]propan-l-one,

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

yp.... CH3_ N

\ J
. CN

HO

E. 4-(3-hydroxyphenyl)-1-methylpiperidin-4-carbonitrile.
____________________ PhEur

www.webofpharma.com



2020 Ketoconazole II-53

PhEur - __--------------

Ketoconazole

o -+ 100

100

Mobile phase B
(per cent VIJI)

100 -+ a
a

Mobile phase A
(per cent VIJI)

Time
(min)

0-10

10 - 15

Flow rate 2 mUmin.

Detection Spectrophotometer at 220 nm.

Equilibration With acetonitrile R for at least 30 min and then
with mobile phase A for at least 5 min.

Injection 10 IlL; inject methanol R as a blank.

Retention time Ketoconazole = about 6 min;
loperamide =about 8 min.

System suitability Reference solution (a):
- resolution: minimum 15 between the peaks due to

ketoconazole and loperamide; if necessary, adjust the final
concentration of acetonitrile in the mobile phase or adjust
the time programme for the linear gradient elution.

Limits:
- total: 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 with reference solution (b)
(0.05 per cent).

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 over an open flame for
10 min. Allow to cool. Take up the residue with 5 mL of
dilute nitricadd R and filter. To 1 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 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 BY4 (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).

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.s mg of ketoconazole CRS
and 2.5 mg of loperamide hydrochloride CRS in methanol R,
then dilute to 50.0 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= 0.10 m, 0 = 4.6 rnm;
- stationary phase: octadecylsilylsilica gelfor chromatography R

(3 um).

Mobile phase:
- mobile phase A: acetonitrile R1, 3.4 gIL solution of

tetrabutylammonium hydrogen sulfate R (5:95 V/V);
- mobile phase B: acetonitrile R1, 3.4 gIL solution of

tetrabutylammonium hydrogen sulfate R (50:50 V/V);

65277-42-1531.4

DEFINITION
1-Acetyl-t- [4-[[(2RS,4SR)-2-(2,4-dichlorophenyl)-2-(IH
imidazol-l-ylmethyl) 1,3-dioxolan-4-yl]methoxy]
phenyl]piperazine.

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, soluble in 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).

Preparation Discs.

Comparison ketoconazole 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 5 mL with the
mobile phase.

Reference solution (a) Dissolve 30 mg of ketoconazole CRS in
the mobile phase and dilute to 5 mL with the mobile phase.

Reference solution (b) Dissolve 30 mg of ketoconazole CRS
and 30 mg of econazole nitrate CRS in the mobile phase, then
dilute to 5 mL with the mobile phase.

Plate TLC octadecylsilyl silica gelplate R.

Mobilephase ammonium acetate solution R, dioxan R,
methanolR (20:40:40 V/V/V).

Application S~.

Development Over a path of 15 cm.

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 solution is similar in position, colour and size to

Action and use
Antifungal.

Preparations.
Ketoconazole Cream

Ketoconazole Shampoo

(Ph. Eur. monograph 0921)
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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°C.

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

ASSAY
Dissolve 0.200 gin 70 mL of a mixture of 1 volume of
anhydrous acetic acidR and 7 volumes of methylethylketone R.
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 26.57 mg
of C26H2SClzN404'

STORAGE
Protected from light.

IMPURITIES

iOClD"Cl

° ~-o-rl-o~
}-N N ~ ° H N

H3C '==I - \..-ItNI.
and enantiomer

A. 1-acetyl-4-[4-[[(2RS,,4SR)-2-(2,4-dichlorophenyl)-2-(1H
imidazol-1-ylmethyl)-1,3-dioxolan-4-yl]methoxy]
phenyl] 1,2,3,4-tetrahydropyrazine,

E. [(2RS,4SR)-2-(2,4-dichlorophenyl)-2-( 1H-imidazol-1
ylmethyl)-1,3-dioxolan-4-yl]methyl
4-methylbenzenesulfonate.

____________________ PhEur

Ketoprofen
(Ph. Eur. monograph 0922)

and enantiomer

PhEur _

Action and use
Cycle-oxygenase inEi?it()r;llp.algesic; anti-inflammatory.

Preparations
Ketoprofen Capsules

Ketoprofen Gel

22071-15-4254.3

DEFINITION
(2RS)-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.

Solubility
Practically insoluble in water, freely soluble in acetone, in
ethanol (96 per cent) .and in methylene chloride.

IDENTIFICATION
First 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).

Testsolution Dissolve 50.0 mg in ethanol (96 per cent) R and
dilute to 100.0 mL with the same solvent. Dilute 1.0 mL of
this solution to 50.0 mL with ethanol (96 per cent) R.
Spectral range 230-350 nm.

Absorption maximum At 255 nm.

Specific absorbance at the absorption maximum 615 to 680.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison ketoprcfen CRS.
D. Thin-layer chromatography (2.2.27).

ClyyCI

rO .:·V
1\ -0-' rf-o~HN NOH N

\--I ~ \..-)
and enantiomer N

C. l-acetyl-4-[4-[[(2RS,4RS)-2-(2,4-dichlorophenyl)-2-(lH
imidazol-1-ylmethyl)-1,3-dioxolan-4-yl]methoxy]
phenyl]piperazine,

ClyyCI

rO ..·V
° r>. -0- rj--o~
}-N N "0 H N

H3C "--.J - \..-It
and enantiomer N

B. l-acetyl-4-[4-[[(2RS,,4SR)-2-(2,4-dichlorophenyl)-2-(IH
imidazol-1-ylmethyl)-l,3-dioxolan-4-yl]methoxy]-3-[4-(4
acetylpiperazin-l-yl)phenoxy]phenyl] piperazine,

D. 1-[4- [[(2RS,4SR)-2-(2,,4-dichlorophenyl)-2-(lH-imidazol
1-ylmethyl)-1,3-d.ioxolan-4-yl]methoxy]phenyl]piperazine,
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Test solution Dissolve 10 mg of the substance to be
examined in acetone R and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of ketoprofen CRS in
acetone R and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 10 mg of indometacin CRS in
acetone R and dilute to 10 mL with the same solvent.
To 1 mL of this solution add 1 mL of reference solution (a).

Plate TLC silica gelGFZ54 plateR.

Mobilephase glacial acetic acidR, methylene chloride R,
acetone R (1:49:50 V/V/V).

Applz"cation 10 JJL.
Development Over 3/4 of the plate.

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 and 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 1.0 g in acetone R and dilute to 10 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediatelybefore 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 mobile phase.

Reference solution (b) Dissolve 5.0 mg of ketoprofen
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.

Reference solution (c) Dissolve 5.0 mg of ketoprofen
impurity C 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.

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

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationaryphase: spherical octadecylsilyl silica gelfor

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

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

Flow rate 1 mIJmin.
Detection Spectrophotometer at 233 nm.

Injection 20~.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to

Ketoprofen II-55

impurity A; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity C.

Run time 7·times the retention time of ketoprofen.

Relative retention With reference to ketoprofen (retention
time =about 7 min): impurity C =about 0,3;
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.

System suitability Reference solution (d):
- resolution: minimum 7.0 between the peaks due to

ketoprofen and impurity A.

Limits:
- impurityA: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.2 per cent);

- impurity C: not more than the area of the principal peak
in the chromatogram obtained with reference solution (c)
(0.2 per cent);

- impurities B~ D, E, F: 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)
(0.10 per cent);

- sum of impurities otherthan A and C: not more than twice
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.4 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 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 gin 25 mL of ethanol (96 per cent) R.
Add 25 mL of water 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 25.43 mg
of C16H1403.

IMPURITIES
Specified impurities A, B~ C, D, E, F.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leuel, be detected by one orotherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities 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) G~ H~ I~ J~ r, L.

o

CHa

A. 1-(3-benzoylphenyl)ethanone,
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B. (3-benzoylphenyl)acetic acid,

and enantiomer

H\ CH3

~C02HY and enantlomer

C02H

C. 3-[(1RS)-1-carboxyethyl]benzoic acid,

and enantiomer

D. (2RS)-2-[3-(4-methylbenzoyl)phenyl]propanoic acid,

J. (2RS)-2-[3-(2,4-dimethylbenzoyl)phenyl]propanoic acid,

and their
enantiomers

K. mixture of (2RS)-2-[3..{2,3,4-trimethylbenzoyl)
phenyl]propanoic acid and (2RS)-2-[3-(3,4,5
trimethylbenzoyl)phenyl]propanoic acid,

and enantiomer and enantiomer

E. (2RS)-2-(3-benzoylphenyl)propanamide, L. (2RS)-2-[3-(2,4,5-trimethylbenzoyl)phenyl]propanoic acid.
____________________ PhEur

(Ph. Bur. monograph 1755)

Ketorolac Trometamol

74103-07-4376.4

Oyr(j' H OHI # I N --COzH' <.NHz
HO~OH

o
and enantiomer

and enantiomer

~:y and enannorner

C~H

F. (2RS)-2-(3-benzoylphenyl)propanenitrile,

G. 3-[(1RS)-1-cyanoethyl]benzoic acid,
Action and use
Cyclo-oxygenase inhibitor; analgesic; anti-inflammatory.

H. 3-(cyanomethyl)benzoic acid,

1. (3-benzoylphenyl)ethanenitrile,

PhEur _

DEFlNITION
2-Amino-2-(hydroxymethyl)propane-1,3-diol (lRS)-5
benzoyl-2,3-dihydro-lH-pyrrolizine-l-carboxylate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
\Vhite 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.

www.webofpharma.com
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IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison ketorolac trometamol CRS.

TESTS
Solution S
Dissolve 0.75 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)
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). Protect the solutions from
bright light.

Solvent mixture tettahydrofuran R, waterR (30:70 VIV)o

_Test.solution Dissolve 20 mg of the substance to be
examined in the solvent mixture and dilute to 50 mL with
the-solvent mixture:

Refe~ence 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 ketorolac trometamol
for peak identification CRS (containing impurities A, B, C
and D) in 5 mL of the solvent mixture.

Column:
- size: I =0.25 m, 0 = 4.6 rnm;
~ stationary phase: ocrylsz7yl silica gelfor chromatography R

(5 urn);
- temperature: 40 DC.

Mobilephase Mix 30 volumes of tetrahydrojuran 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 acidR and dilute to
1000 mL with waterR.

Flow rate 1.5 mLlmin.

Detection Spectrophotometer at 313 nm.

Injection 10 ~L.

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.

Relative retention With reference to 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 factors: 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~ 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);

Ketorolac Trometamol II-57

- 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 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 DC for 3 h.

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 perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 37.64 mg
of C19Hz4Nz06'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B~ C~ 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 arelimitedby the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstrationofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) E~ F~ G~ H~ I~ J.

~OH andenantiomer

o

A. (lRS)-5-benzoyl-2,3-dihydro-1H-pyrrolizin-1-ol,

B. 5-benzoyl-2,3-dihydro-lH-pyrrolizin-1-one,

o

~ tCD"H andenantiornerV LN~·

C. (lRS)-6-benzoyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic
acid,

and enantiomer

D. (lRS)-5-benzoyl-l-methoxy-2,3-dihydro-1H-pyrrolizine-l
carboxylic acid,

www.webofpharma.com
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0yQj~ I"-HO
.# ---{ and enantiomer

N0 NHOH
o HO;)

HO

E. (lRS)-5-benzoyl-N-[2-hydroxy-l,1-bis
(hydroxymethyl)ethyl] -2,3-dihydro-lH-pyrrolizine-l
carboxarnide,

Ketotifen Fumarate
(Ketotifen Hydrogen Fumarate, Ph. Bur. monograph
1592)

PhEur _

and enantiomer

425.5

Action and use
Histamine HI receptor antagonist.

34580-14-8

____________________ PhEur

1. phenyl(2,3-dihydro-lH-pyrrolizin-5-yl)methanone,

G. methyl (lRS)-5-benzoyl-l-hydroxy2,3-dihydro-lH
pyrrolizine-l-carboxylate,

'DEFINITION
4-(I-Methylpiperidin-4-ylidene)-4,9-dihydro-1 OH-benzo
[4,5]cyclohepta [1,2-b]thiophen-I O-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.

Solubility
Sparingly soluble in water, slightly soluble in methanol,
practically insoluble in heptane.

IDENfIFICATION
Infrared absorptionspectrophotometry (2.2.24).

Comparison ketotifen hydrogen fumarate CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y4, BY4 or B4 (2.2.2, Method II).

Dissolve 0.2 g in methanolR and dilute to 10 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Solvent mixture methanolR, waterR (50:50 VIV).

Test solution Dissolve 30.0 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.

Reference solution (a) 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
ketotifen 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 ketotifen for peak
identification CRS (containing impurity A) in the solvent
mixture and dilute to 5.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 TIl, 0 = 4.0 nun;
- stationary phase: base-deactivated end-capped octadecylsilyl

silicagelfor chromatography R (3 urn);
- temperature: 40 DC.

and enantiomer

and enantiomer
(I ~~H 0

~NJ---<
o OCH3

0ycQ
o

F. (lRS)-7-benzoyl-2,3-dihydro-lH-pyrrolizine-l-carboxylic
acid,

H. methyl (lRS)-5-benzoyl-2,3-dihydro-lH-pyrrolizine-l
carboxylate,

Oyqj~ I'HO
.# N ---< and enantiomer

0\° CH3

J. ethyl (lRS)-5-benzoyl-2,3-dihydro-1H-pyrrolizine-l
carboxylate.
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lvlobile phase:
- mobile phase A: mix 175 J.IL of triethylamine R and 500 mL

of waterR;
- mobile phase B: mL'C 175 J.IL of triethylamine R and 500 mL

of methanolR;

Ketotifen Fumarate IJ-59

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) B~ C~ D~ E~ F.

Time
(min)

0-12

12 - 20

20 - 25

Mobile phase A
(per cent V/JI)

40

40 --+ 10

10

Mobile phase B
(per cent V/JI)

60

60 --+ 90

90

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 297 run.

Injection 20 J.tL.
Identification of impurities Use the chromatogram supplied
with ketotifen for peak identification CRS and the
chromatogram obtained with reference solution (c) 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 factor. for the calculation of content, multiply the

peak area of impurity G by 1.4;
- impurity A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impurity G: not more than 1.S 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)
(O.OS per cent); disregard the peak due to fumaric 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 4 h.

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 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 42.S5 mg of
C23H23NOsS.

IMPURITIES
Specifiedimpurities A~ G.

Other detectable impurities (the following substances toould, if
present at a sufficient leuel, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by the general

A. 4-(4H-benzo[4,S]cyclohepta [1,2-b]thiophen-4-ylidene)-1
methylpiperidine,

and enantiomer _

B. (4RS)-I 0-methoxy-4-(1-methylpiperidin-4-yl)-4H
benzo [4,S]cyclohepta [1,2-b]thiophen-4-ol,

%
=. N,CH,

o 'OH and enantlorner .

f" ~
::::::,....

C. (4RS)-4-hydroxy-~...( ~-methylpiperidin-d-ylj-d,9-dihydro
lOR-bema[4;5]cyclohepta [1,2-b]thiophen-l O-one,

o

s»V::j~CH,
o~ and enantlomer

D. 4- [(RaSJ-I-methylpiperidin-4-ylidene]-4, 9-dihydro-lOH
benzo [4,5]cyclohepta [1,2-b]thiophen-I O-one N-oxide
(ketotifen N-oxide),

E. 10-(l-methylpiperidin-4-ylidene)-5, IO-dihydro-4H
benzo[5,6]cyc1ohepta[I,2-b]thiophen-4-one,

F. 4-( I-methylpiperidin-4-ylidene)-4,10-dihydro-9H
benzo [4,5]cyc1ohepta[1,2-b]thiophen-9-one,
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_____________________ PhEur

PhEur _

Reference solution (a) Dissolve 10 mg of labetalol
hydrochloride CRS in 1 mL of ethanol (96 per cent) R.

Reference solution (b) Dissolve 10 mg of labetalol
hydrochloride CRS and 10 mg of propranolol hydrochloride CRS
in ethanol (96 per cent) R and dilute to 5 mL with the same
solvent.

Plate TLC octadecylsilyl silica gelF2.54 plate R.

Mobilephase perchloric acidR, waterR, methanol R
(0.5:50:80 V/V/V).

Application 2~.

Development Place the plate in a chromatographic tank
immediately after the addition of the mobile phase, close the
tank and develop over 3/4 of the plate.

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).

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
than intensity 6 of the rangeof reference solutions of the
most appropriatecolour (2.2.2, Method II).

pH (2.2.3)
4.0 to 5.0 for solution S.

Diastereoisomer ratio
Gas chromatography (2.2.28).

Test solution Dissolve 2.0 mg of the substance to be
examined in 1.0 mL of a 12.0 gIL solution of butylboronic
acid R in anhydrous pyridineR and allow to stand for 20 min.

Column:
- material: glass;
- size: I =1.5 m, 0 = 4 mm;
- stationary phase: silanised diatomaceous earth for gas

chromatography R (125-150 urn) impregnated with
3 per cent m/m of polymethylphenylszloxane R.

Carrier gas nitrogen for chromatography R.

Flow rate 40 mUmin.

Temperature:
- column, injection port and detector: 300°C.

Detection Flame ionisation.

Injection 2 /lL.

System suitability:
- the height of the trough separating the 2 peaks due to the

pairs of diastereoisomers is less than 5 per cent of the full
scale of the recorder.

Limit:
- each pair of diastereoisomers: for the area of each peak,

45 per cent to 55 per cent of the total area of the 2 peaks,

Related substances
Liquid chromatography (2.2.29).

32780-64-6364.9

H\OHH ~

T
N~

I H: CH
3

' Hel
HO ~

its epimer at C" and
o NH2 their enantiomers

Action and use
Alpha-and beta-adrenoceptor antagonist.

Preparations
Labetalol Injection

Labetalol Tablets

Labetalol Hydrochloride

DEFINITION
Mixture of 4 stereoisomers of 2-hydroxy-5-[I-hydroxy-2-[(l
methyl-3-phenylpropyl)amino]ethyl]benzamide
hydrochloride.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
W'hite or almost white powder.

Solubility
Sparingly soluble in water and in ethanol (96 per cent),
practically insoluble in methylene chloride.

IDENTIFICATION
First identification: A, C, E.

Secondidentification: A, B, 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).

Test solution Dissolve 25.0 mg in 0.1 i\.1 hydrochloric acidand
dilute to 250.0 mL with the same acid.

Spectral range 230-350 nm.

Absorption maximum At 302 nm.
Specific absorbance at the absorption maximum 83 to 88.

e. Infrared absorption spectrophotometry (2.2.24).

Comparison labetalol hydrochloride CRS.

D. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in 1 IT'...L of ethanol (96 per cent) R.

G. 4-(I-methylpiperidin-4-ylidene)-4H-benzo[4,5]cyclohepta
[1-,2-b]thiophen-9,10-dione.

(Ph..Eur. monograph 0923)
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Test solution (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 test solution (a) to
50.0 rnL 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 1.0 mL of test solution (a) to
100.0 mL with mobile phase A. Dissolve 5 mg of labetalol
impurity A CRS in this solution.

Reference solution (c) Dissolve 25.0 mg of labetalol
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-capped ethylene-bridged octadecylsilyl

:;s~lica gelfor chromatography (hybridmaterial) R (3.5 J.lII1);
----;-temperarure: 40~.C.

Mobilephase:
- mobilephaseA: phosphoric acid R, waterfor

,,:chromatographyR (0.1:99.9 V/1/);
- mobilephase B: acetonitrile for chromatography R, mobile

phase A (50:50 V/1/);

Time Mobile phase A Mobile phase B
(min) (per cent VIJl) (per cent VIJl)

0-5 100 0

5 - 40 100 -> 0 0-> 100

40 - 45 0 100

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 230 om.

Injection 20 ilL of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relative retention With reference to labetalol (retention
time =about 22 min): impurity A =about 1.1.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

labetalol and impurity A.
Calculation of percentage contents:
- for each impurity, use the concentration of labetalol in

reference solution (a).

Limits:
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- total: maximum 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.

Mobilephase Mobile phase A, mobile phase B (45:55 VIV)o
Injection Test solution (b) and reference solution (c),

Labetalol Hydrochloride I1-61

Run time Twice the retention time of labetalol.

Retention time Labetalol =about 2 min.

Calculate the percentage content of C19HzsCINZ03 taking
into account the assigned content of labetalol
hydrochloride CRS.

IMPURITIES
Otherdetectable impurities (the following substances toould, zf
present at a sufficient leoel, be detected by one or otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities 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. Controlof impurities
in substances forpharmaceutical use) A~ B~ C, D~ E~ F~ G.

H\ OH H ~

T
N~

~ I H: CH3
HO

its eplmer at C" and
COzH their enantiomers

A. mixture of 4 stereoisomers of 2-hydroxy-5-[1-hydroxy-2
[( l-methyl-3-phenylpropyl)amino] ethyl]benzoic acid,

~
H'. OH ~~

~ I H:CH3
HO

its epimer at C" and
o OCH

3
their enantiomers

B. mixture of 4 stereoisomers of methy12-hydroxy-5-[1
hydroxy-2-[(1-methyl-3-phenylpropyl)amino]ethyl]
benzoate,

C._ 5-[ (lR5)-2-(benzylamino)-1-hydroxyethyl]-2
hydroxybenzarnide,

~NH2
N and enantiomer

HO I

OA NH2

D.5-[(lR5)-2-amino-l-hydroxyetb.yl]-2-hydroxybenzamide,

$
H2N 0

~ OH

I:l I
: .#

~
H~J *i

-:;:y : NH
I .

~ ~ H and enantiomer and
HO Y epimer at C"

o.,..-A NH2

E. mixture of 3 stereoisorners of 5,5'-piperazine-2,5-diylbis
(2-hydroxybenzarnide) ,
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____________________ PhEur

Lacidipine

Time (Minutes) Temperature Comment

0-1 60° isothermal

1 -18 600~110° linear increase
3°/minute

18-20 1100~200° linear increase
500/minute

20-27 200° isothermal

TESTS
Propan-2-o1
Carry out the method for gas chromatography,
Appendix m B. Prepare a 0.002% v/v solution of 1J4-dioxan

(internal standard) in dimethylacetamide (solution A).

(1) 0.002% vlv solution of propan-Z-ol in solution A.

(2) 2% w/v of the substance being examined in solution A.

CHROMATOGRAPHIC CONDITIONS

(a) Use a glass column (60 m x 0.32 rom) bonded with a
film (5 J.LID.) ofpolymethylsiloxane (CP-Sil 5CB is suitable).

(b) Use helium as the carrier gas at 1.7 mL per minute.

(c) Use a temperature gradient as described below.

(d) Use an injection temperature of 170°.

(e) Use a detector temperature of 250°.

(f) Inject 1 J1l. of each solution.

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtained with
solution (1) shows two clearly separated peaks. The retention
time for propan-Z-ol is about 6.2rrililutes and that for dioxan
is about 15 minutes.

UMITS

In the chromatogram obtained with solution (2):

the percentage content of propan-2-ol is not more than
0.5% w/w.

Related. substances
Carry out the method for liquid chromatography,
Appendix ill D, using the following solutions.

(1) Dilute 1 volume ofa 0.1% w/v solution of the substance
being examined in absolute ethanol to 5 volumes with the
mobile phase.

(2) Dilute 1 volume of solution (1) to 500 volumes with the
mobile phase.

(3) Dilute 1 volume of a 0.1 % w/v solution of lacidipine
impurity standard BPCRS in absolute ethanol to 5 volumes with
the mobile phase.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 ern x 4.6 mm) packed
with cyanoszlyl silica gelfor chromatography (5 um) (Spherisorb
CN is suitable).

(b) Use isocratic elution using 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 240 nm.

(£) Inject 20 J1l. of each solution.

(g) If necessary adjust the composition of the mobile phase
so that, in the chromatogram obtained with solution (3), the
retention time of the peak due to lacidipine is about
10 minutes.

103890-78-4455.6

EtOOC

Action and use
Calcium channel blocker.

Preparation
Lacidipine Tablets

H\ OH H ('l
Br~N~~ I· H: CH3
HO

its epimer at C' and
o NH2 their enantiomers

f H ('l

T
N~

~ I H: CH3
HO

and enantiomer
o NH2

F. 2-hydroxy-5-[2-[[(lRS)-1-methyl-3-phenylpropyl]
amino] acetyl] benzamide,

G. mixture of 4 stereoisomers of 3-bromo-2-hydroxy-5-[1
hydroxy-2- [(l-methyl-3-phenylpropyl)amino] ethyl]
benzamide.

DEFINITION
Lacidipine is diethyl (E)-4-{2-[(tert-butoxycarbonyl)vinyl]
phenyl} -1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate.
It contains not less than 97.5% and not more than 102.0%
of CZ6H33N06, calculated with reference to the anhydrous,
propan-2-ol-free substance.

CHARACTERISTICS
A white to pale yellow crystalline powder. It melts at about
178°.

Practically insoluble in water; freely soluble in acetone;
sparingly soluble in absolute ethanol.

Carry out all of thefollowing procedures protected from light and
prepare solutions immediatelybefore use.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of Lacidipine (RS 407).

B. In the Assay, the principal peak in the chromatogram
obtained with solution (1) has the same retention time as the
principal peak in the chromatogram obtained with
solution (2).

Me
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175481-36-4

~

COOBu t

250.3

Me

Me

EtOOC

EtOOC

PhEur _

C. Diethyl (Z)-4- {2-[2-(tert-butoxycarbonyl)vinyl]phenyl}
I,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate.

Action and use
Antiepileptic.

Preparations
Lacosamide Infusion

Lacosamide Oral Solution

Lacosamide Tablets

DEFINITION
(2R)-2-Acetamido-N-benzyl-3-methoxypropanamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white or light yellow powder,

Solubility
Sparingly soluble in 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 methanol R and dilute to 10,0 rnL with
the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lacosamide CRS.

(ph. Bur. monograph 2992)

Lacosamide

B. Diethyl (E)-4- {2-[2-(tert-butoxycarbonyl)vinyl]phenyl}
2,6-dimethylpyridine-3,5-dicarboxylate,

Me

EtOOC

A. Ethyl methyl (E)-4-{2-[2-(tert-butoxycarbonyl)vinyl]
phenyl} -1A-dihydro-2,6-dimethylpyridine-3,5
dicarboxylate,

(h) For solution (1), allow the chromatography to proceed
for 2 times the retention time of the principal peak.

MOBILE PHASE

3 volumes of absolute ethanol and 97 volumes of n-hexane.

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtained with
solution (3) closely resembles the chromatogram supplied
with lacidipine impun'tystandard BPCRS.

LIMITS

In the chromatogram obtained with solution (1):

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 obtained with solution (2) (0.2%, taking into
account the correction factor of 0.5);

the area of any other secondary peak is not greater than the
area of the principal peak in the chromatogram obtained with
solution (2) (0.2%);

the total nominal '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 following solutions.

(1) Dilute 5 volumes of a 0.1 % w/v solution of the substance
being examined in absolute ethanol to 100 volumes with the
mobile phase.

(2) Dilute 5 volumes of a 0.1% w/v solution of
lacidipine BPCRS in absolute ethanol to 100 volumes with the
mobile phase.

(3) Dilute 1 volume of a 0.1 % w/v solution of lacidipine
impuritystandardBPCRS in absolute ethanol to 5 volumes with
the mobile phase.

CHROMATOG~~HICCONDrnONS

The chromatographic procedure described under Related
substances may be used.

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtained with
solution (3) closely resembles the corresponding
chromatogram supplied with lacidipine
impuritystandardBPCRS.

DETERMINATION OF CONTENT

Calculate the content of C26H33N06 from the
chromatograms obtained and using the declared content of
CZ6H33N06 in lacidipine BPCRS.

IMPURITIES
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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 R, evaporate to dryness and
record new spectra using the residues.

C. Enantiomeric 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 water R and dilute to 50.0 mL with the
same solvent.

Enantiomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.

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) Dissolve 1 mg of lacosamide
impurityA CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase.

Reference solution (b) Dissolve 20 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.

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 the mob.ile phase.

Column:
- size: l = 0.25 m, 0 = 4.6 mm;
- stationary phase: amylose derivative of silica gelfor chiral

separation R (l0 urn).

Mobile phase water for chromatography R, 2-propanol R,
heptane R (3:100:900 V/VIV).
Flow rate 1.0 rnL/min.

Detection Spectrophotometer at 215 nm.

Injection 20 ul, of the test solution and reference
solutions (b) and (c).

Run time 1.7 times the retention time of lacosamide.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relativeretention With reference to lacosamide (retention
time = about 25 min): impurity A = about 0.8.

System suitabz7ity Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurity A and lacosamide.

Limit:
- impurity A: maximum 0.15 per cent;
- reporting threshold: 0.05 per cent (reference solution (c)).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in 1 mL of methanolR and dilute to 10.0 mL with
waterR.

Reference solution (a) Dissolve 50.0 mg of lacosamide CRS in
1 mL of methanol R and dilute to 10.0 mL with waterR.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with a mixture of 10 volumes of methanol Rand
90 volumes of water R. Dilute 1.0 mL of this solution to
10.0 mL with the same mixture of solvents.

2020

Reference solution (c) Dissolve 5 mg of lacosamide for system
suitability CRS (containing impurities B, C, G and I) in
0.1 mL of methanolR and dilute to 1.0 mL with waterR.

Reference solution (d) Dissolve 1 mg of lacosamide
impurityF CRS in 2 mL of methanol R and dilute to 10.0 mL
with waterR. Dilute 1.0 mL of the solution to 10.0 mL with
waterR.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped extra-dense bonded octylsilyl silica

gelfor chromatography R (3.5 urn).

Mobile phase:
- mobile phaseA: 0.1 per cent VIV solution of trifiuoroacetic

acid R;
- mobile phaseB: trifiuoroacetic acidR, acetonitrile R,

methanol R (0.3:500:500 VIVIV);

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-2 89 11

2 - 14.2 89 -> 69 11 -> 31

14.2 - 19.5 69 -> 23 31 -> 77

19.5-20 23 -> 0 77 -> 100

20 - 21 0 100

Flow rate 1.2 mL/min.

Detection Spectrophotometer at 258 nm.

Injection 20 ul, of the test solution and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with lacosamide for system suitabzlity CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities B, C, G and I; use the
chromatogram obtained with reference solution (d) to
identify the peak due to impurity F.
Relativeretention 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 suitabzlity Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

impurity G and lacosamide; minimum 45 between the
peaks due to lacosamide and impurity B.

Calculation of percentage contents:
- 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:
- impurities B~ C~ F, G, I: 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 (2.5.32)
Maximum 0.2 per cent, determined on 0.150 g by direct
sample introduction.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.
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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 suitability Reference solution (a):
- symmetry factor: maximum 2.4 for the peak due to

lacosamide.

Calculate the percentage content of C13HlSNz03 taking into
account the assigned content of lacosamide CRS.

IMPURITIES
Specified impurities AJ BJ CJ FJ GJ 1.
Otherdetectable impurities (thefollowing substances taould, if
present at a sufficient leoel, be detected by oneor otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/orby 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 sitbstances for pharmaceutical use) DJ BJ HJ JJ K

A. (2S)-2-acetamido-N-benzyl-3-methoxypropanamide,

B. (23)-2-acetamido-3-(benzylamino)-3-oxopropyl acetate,

C. (23)-N-benzyl-3-methoxy-2-(N
methylacetamido)propanamide,

D. (23)-2-amino-N-benzyl-3-methoxypropanamide,

E. (23)-2-amino-N-benzyl-3-hydroxypropanamide,

~
OH~a H I

HC~N" N .#
3 H

o

F. (25)-2-acetamido-N-benzyl-3-hydroxypropanamide,

Lactic Acid 11-65

G. N-benzylacetamide,

H. (23)-2-acetamido-N-[(2E)-I-(benzylamino)-3-methoxy-l
oxopropan-2-yl]-3-methoxypropanamide,

1. (23)-N-benzyl-2-[(benzylcarbamoyl)amino] -3
methoxypropanamide,

J. phenylmeth.anamine,

K. 2-acetamido-N-benzylprop-2-enamide.
____________________ PhEur

Lactic Acid
(ph. Bur. monograph 0458)

HaC COzHY and enantiomer
H OH

C3H603 90.1

Preparations
Sodium Lactate Infusion

Compound Sodium Lactate Infusion

Lactic Acid Pessaries
PhEur _

DEFINITION
Mixture of 2-hydroxypropanoic acid, its condensation
products, such as lactoyl-Iactic acid and polylactic acids, and
water. The equilibrium between lactic acid and polylactic
acids depends on the concentration and temperature. It is
usually the racemate ((RS)-lactic acid).

Content
88.0 per cent mlm to 92.0 per cent m/m of C3H 60 3 .

CHARACTERS
Appearance
Colourless or slightly yellow, syrupy liquid.

Solubility
Miscible with water and with ethanol (96 per cent).
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11-66 Lactic Acid 2020

90.1C3H603

PhEur _

(ph. Bur. monograph 1771)

H3C XC02H

H OH

(b)-Lactic Acid

DEFINITION
Mixture of (S)-2-hydroxypropanoic acid, its condensation
products, such as lactoyl-lactic acid and polylactic acids, and
water. The equilibrium between lactic acid and polylactic
acids depends on the concentration and temperature.

Content
88.0 per cent mlm to 92.0 per cent mlm of C3H60 3, 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 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).

D. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 5.0 gin 42 mL of 1 M sodium hydroxide and dilute
to 50 mL with distilled waterR.

Appearance
The substance to be examined is not more intensely coloured
than reference solution Y6 (2.2.2) Method II).

Ether-insoluble substances
Dissolve 1.0 g in 25 mL of etherR. 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, allow to cool and add 1.5 mL of 1 M sodium
hydroxide and 2 mL of cupri-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 1 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 intense than that in a
mixture of 1 mL of waterRand 5 mL of solution S.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solution S to 15 mL with distilled water R.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 rnL of solution S to 15 mL with distilled waterR.

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

IDENTIFICATION
A. Dissolve 1 g in 10 rnL of water R. 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 gin 42 mL of 1 M sodium hydroxide and dilute
to 50 mL with distilled water R.

Appearance
The substance to be examined is not more intensely coloured
than reference solution Y6 (2.2.2, Method II).

Ether-insoluble substances
Dissolve 1.0 gin 25 mL of etherR. 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, allow to cool and add 1.5 mL of 1 M sodium
hydroxide and 2 mL of cupri-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 1 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 intense than that in a
mixture of 1 mL of water R and 5 mL of solution S.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solution S to 15 mL with distilled waterR.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with distilled waterR.

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

Bacterial endotoxins (2.6.14)
Less than 5 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 waterRand 20.0 mL of 1 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 aciduntil the pink colour is discharged.

1 mL of 1 M sodium hydroxide is equivalent to 90.1 mg
ofC3H60 3·

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.
____________________ PhEur
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____________________ PhEur

PhEur _

Lactitol Monohydrate

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
Firstidentification: 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).

Testsolution Dissolve 50 mg of the substance to be
examined in methanol R and dilute to 20 mL with the same
solvent.

Reference solution (a) Dissolve 5 mg of lactitol
monohydrate CRS in methanol R and dilute to 2 mL with the
same solvent.

Reference solution (b) Dissolve 2.5 mg of sorbitol CRS
(impurity E) in 1 mL of reference solution (a) and dilute to
10 mL with methanol R.

Plate TLC silica gel G plate R.
Mobile phase water R, acetonitrile R (25:75 VIV).

Application 2 /lL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with 4-aminobenzoic acid solution R and dry
in a current of cold air until the acetone is removed; heat at
100°C for 15 min arid allow to cool; spray with a 2 gIL
solution of sodium periodate R and dry in a current of cold air;
heat at 100°C for 15 min.

System suitabilit y: the chromatogram obtained with
reference solution (b) 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).

TESTS
Solution S
Dissolve 5.000 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 not more intensely coloured
than reference solution BY7 (2.2.2) Method II).

Acidity or alkalinity
To 10 mL of solution S add 10 mL of carbon dioxide-free
waterR. To 10 mL of this solution add 0.05 mL of
phenolphthalein solution R. Not more than 0.2 mL of
0.01 M sodium hydroxide is required to change the colour of
the indicator to 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 .NI hydrochloric acidis required to change the colour of
the indicator to red.

Specific optical rotation (2.2.7)
+ 13.5 to + 15.5 (anhydrous substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29).

81025-04-9362.3

(Ph. Bur. monograph 1337)

HO
l

rxt
Ho. H H

HO HO-- '.
1 H' • OH

H?~O",1 H • H20

~ OH

I
OH

Action and use
Osmotic laxative.

Bacterial endotoxins (2.6.14)
Less than 5 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.s 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 waterRand 20.0 mL of 1 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 aciduntil the pink colour is discharged.

1 mL of 1 M sodium hydroxide is equivalent to 90.1 mg of
C3H603 ·

(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 boil gently for
15 min: Cool down and adjust to pH 7.0 using 1 M
hydrochloric acid. Add 5.0 g of ammonium molybdate R,
dissolve-and dilute to 50.0 mL with waterR. Filter and
measure the angle of optical rotation (2.2.7). Calculate the
percentage content of (S)-enantiomer using the expression:

1,'\

The complex of (S)-lactic acid formed under these test
conditions is laevorotatory.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

0: angle of optical rotation (absolute value),
m mass of the substance to be examined, in grams,
c percentage content of C3H603 in the substance to be examined.

50 + (24.18 x C!x 2.~22 x 9
cO)

DEFINITION
4-0-~-D-Galactopyranosyl-D-glucitolmonohydrate.

Content
96.5 per cent to 102.0 per cent (anhydrous substance).
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Test solution (a) Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.

Test solution (bJ Dilute 2.0 mL of test solution (a) to
50.0 mL with water R.
Reference solution (a) Dissolve 5.0 mg of lactitol
monohydrate CRS and 5 mg of glycerol R in waterR and dilute
to 25.0 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with water R. Dilute 5.0 mL of this solution to
100.0 mL with water R.
Reference solution (c) Dilute 2.5 mL of reference solution (a)
to 10.0 mL with water R.
Column:
- size: l =0.30 m, 0 = 7.8 mm;
- stationary phase: strongcation-exchange resin (calcium

form) R;
- temperature: 60°C.

Mobilephase waterfor chromatography R.

Flow rate 0.6 mUmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 100 J.LL; inject test solution (a) and reference
solutions (b) and (c).

Run time 2.5 times the retention time of lactitol.

Relativeretention 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 1.8;
impurity E = about 1.9.

System suitabzlity Reference solution (c):
- resolution: minimum 5.0 between the peaks due to lactitol

and glycerol.

Limits:
- impurityB: not more than the area of the peak due to

laetitol in the chromatogram obtained with reference
solution (c) (1.0 per cent);

- totalof otherimpurities: not more than the area of the peak
due to lactitol in the chromatogram obtained with
reference solution (c) (1.0 per cent);

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

Reducing sugars
Maximum 0.2 per cent.

Dissolve 5.0 gin 3 mL of water R with gentle heating. Cool
and add 20 mL of cupri-citric solution 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 glacial acetic acidRand 20.0 mL
of 0.025 M iodine. With continuous shaking, add 25 mL of a
mixture of 6 volumes of hydrochloric acid Rand 94 volumes
of waterR. When the precipitate has dissolved, titrate the
excess of iodine with 0.05 M sodiumthiosulfate using 1 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 (2.5.12)
4.5 per cent to 5.5 per cent, determined on 0.300 g.

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

2020

Microbial contamination
TAMC: 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).

Absence of Pseudomonas aeruginosa (2.6.13).

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 C12Hz4011 taking into
account the assigned content of lactitol monohydrate CRS.

IMPURITIES
Specified impurities A~ B~ C, D, E.

HO~HO~O' OH

HO O~
OH OH

OH

A. 4-0-~-D-galaetopyranosyl-D-glucopyranose (lactose),

H0!0t0H... OH

HO~HO~' .: . .... H

HO... . .. 0 0 HOH ..... .OH

OH

B. 3-0-~-D-galactopyranosyl-D-mannitol (lactulitol),

~
O H OH

H ..-

HO.... ~o"""H -~~
HO

C. D-mannitol,

H°f;40H". H

HO~- .... . l/ OH

H OH
OH

D. galactitol (dulcitol),

OH

WO H
H "

HO.... . /'... '~OH

) HO H
HO

E. D-glucitol (p-sorbitol).
_____________________ PhEur
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63-42-3

HO)-O,?H

:;J-o,~
~ OH

OH

~-Iactose

342.3

:;J-_OoJH~H
\L.( OH

OH

c-Iactose

Anhydrous Lactose

(Ph. Bur. monograph 1061)

Lactose'

Dissolve 1.0 gin 80 mL of waterR and dilute to 100.0 mL
with the same solvent. Allow to stand for 24 h.

Reducing sugars
Maximum 0.2 per cent, calculated as glucose.

Dissolve 5.0 gin 25 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 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 glacial acetic add R and
20.0 mL of 0.025 Atl iodine. With continuous shaking, add
25 mL of a mixture of 6 volumes of hydrochloric acid Rand
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 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 (2.5.12)
Maximum 5.0 per cent, determined on 0.50 g.

Use a mixture of 1 volume of formamide R and 2 volumes of
methanolR as solvent.

Total ash (2.4.16)
Maximum 0.2 per cent.

ASSAY
Dissolve 0.350 gin 50 mL of carbon dioxide-free water R,
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 (Vz - VI) corresponds to the b-Iaetone form.

1 mL of 0.1 M sodiumhydroxide is equivalent to 35.83 mg of
ClzH2Z01Z. - -

1 mL of 0.1 M sodium hydroxide is equivalent to 34.03 mg of

ClzHzoOll'
The sum of the 2 results is expressed as a percentage content
of lactobionic acid.
______________--",. PhEur

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

96-82-2

5965-65-1

358.3

340.3

(ph. EUT. monograph 1647)

HO HO~!;40 H
\ H 0

HO HO-- : HO
H' OH OH 0

~J=(1" CO," + H~J-O,~
~ ~ OH

OH OH

ClzHz2012 (acid fonn)

C12I1Z0011 (b~aetone)

PhEar _

DEFINITION
Mixture in variable proportions of 4-0-~-D-galactopyranosyl
n-gluconic acid and. 4-o-~-D-galactopyranosyl-D-g1ucono-l ,5
lactone.

Content
98.0 percent to 102.0 per cent (anhydrous substance).

C~CTERS

Appearance
White or almost white powder.

Solubility
Freely soluble in water, slightly soluble in glacial acetic acid,
in anhydrous ethanol and in methanol.

mp
About 125°C with decomposition.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison lactobionic add CRS.

If the spectra obtained show 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).

Test solution Dissolve 10 mg of the substance to be
examined in water R and dilute to 1 mL with the same
solvent.

Referencesolution Dissolve 10 mg of lactobionic acidCRS in
waterR and dilute to 1 mL with the same solvent.

Plate TLC silica gelplate R.

Mobilephase concentrated ammonia R1, ethyl
acetate R, water R, methanolR (2:2:2:4 VIVIVIV).

Application 5!-LL.
Development Over 3/4 of the plate.

Detection Spray 3 times with ammonium molybdate
solution R6 and heat in an oven at 110 0 C for 15 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and colour to the
principal spot in the chromatogram obtained with the
reference solution.

Lactoblonte Acid

TESTS
App~nceofswution

The solution is clear (2.2.1) and not more intensely coloured
than reference solution Ys (2.2.2, Method II).

Dissolve 3.0 g in 25 mL of water R.

Specific optical rotation (2.2.7)
+ 23.0 to + 29.0 (anhydrous substance).

Action and use
Excipient.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8. Pharmacopoeial harmonisation.
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PhEur _

DEFINITION
O-~-D-Galaetopyranosyl-(1-4)-~-D-glucopyranoseor
mixture of O-~-D-galactopyranosyl-(1-4)-a-D-glucopyranose

and O-~-D-galaetopyranosyl-(1-4)-~-D-glucopyranose.

•CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent) .•

IDENflFICATION
First identification: A~ OD.

Second identification: B~ C~ DO

A. Infrared absorption spectrophotometry (2.2.24).

Comparison anhydrous lactose CRS.

OB. Thin-layer chromatography (2.2.27).

Solvent mixture water R, methanol R (40:60 V/V).

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 anhydrous
lactose CRS in the solvent mixture and dilute to 20 mL with
the solvent mixture.

Reference solution (b) Dissolve 10 mg ofjructose R, 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
solvent mixture.

Plate TLC silica gelplate R.

Mobile phase waterR, methanol R, glacialacetic acid R,
ethylene chloride R (10:15:25:50 V/V/V/V); measure the
volumes accurately, as a slight excess of water produces
cloudiness.

Application 2 ilL; 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 mobile phase.

Drying B In a current of warm air.

Detection Spray with a solution of O.s g of thymol R in a
mixture of 5 mL of sulfuric acid Rand 95 mL of ethanol
(96 per cent) 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, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

C. Dissolve 0.25 gin 5 mL of waterR. Add 5 mL of
ammonia R and heat in a water-bath at 80°C for 10 min.
A red colour develops.

D. Water (see Tests).O

TESTS
Solution S
Dissolve 1.0 g in boiling water R, allow to cool and dilute to
10.0 mL with water R.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2~ Method 11).

2020

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 solution R1.
The solution is colourless. Not more than 0.4 mL of 0.1 M
sodiumhydroxide is required to change the colour of 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 waterR with heating at 50°C.
Allow to cool and add 0.2 mL of dilute ammonia R1. Allow
to stand for 30 min and dilute to 100.0 mL with waterR.

Absorbance: proteins and light-absorbing impurities
(2.2.25)
Test solution (a) Solution S.

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with water R.
Spectral range 400 nm for test solution (a) and 210-300 run
for test solution (b).

Results:
- at 400 nm: maximum. 0.04 for test solution (a);
- from 210 DIn to 220 nm.: maximum 0.25 for test

solution (b);
- from 270 nm to 300 nm: 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 1 volume offormamide Rand 2 volumes of
methanolR as solvent.

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

Microbial contamination
TAMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevantcontrol parameters for one or more
functions of thesubstance when used as an excipient (see chapter
5.15). Some ofthe 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 to the tests described in the
mandatorypart is includedin the Functionality-related
characteristics section. Controlof the characteristics can contribute
to the qualityofa medicinalproductby improving the consistency
of the manufacturingprocess and the performance of the medicinal
product during use. Where control methods are cited, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used. Whereverresults for a particular characteristic are
reported, the control method must be indicated.

The following characteristics may be relevant for lactose used as
jiller/diluent in soliddosage/arms (compressed and powder).

Particle-size distribution (2.9.31 or 2.9.38)

Bulk and tapped density (2.9.34)
Determine the bulk density and the tapped density. Calculate
the Hausner ratio.

a-Lactose and ~-lactose

Gas chromatography (2.2.28).

Silylation reagent dimethyl sulfoxide R, N
trimethylsilylimidazole R, pyridine R (19.5:22:58.5 V/V/V).

Test solution Introduce 10 mg of the substance to be
examiried into a vial with a screw cap and add 4 mL of the
silylation reagent. Sonicate for 20 min at room temperature,
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Sa area of the peak due to ce-lactose;
Sb area of the peak due to ~-lactose.

Loss on drying (2.2.32)
Determine on 1.000 g by drying in an oven at 80 °C for 2 h.
_,...- PhEur

100Sa

Sa+Sb

Calculate the percentage content of ~-lactose using the
following expression:

360.3

DEFINITION
Q-j3-o-Galactopyranosyl-(1-+4)-Ct.-D-glucopyranose
monohydrate.

tCHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent). t

IDENTIFICATION
Firstidentifica.tion: A} 0D.

Secondidentification: B} C} DO
A. Infrared absorption spectrophotometry (2.2.24).

Comparison lactose monohydrate CRS.

OB. Thin-layer chromatography (2.2.27).

Solventmixture waterR, methanol R-(40:60 VIV).

Testsolution 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 lactose
monohydrate CRS in the solvent mixture and dilute to 20 rnL
with the solvent mixture.

Reference solution (b) Dissolve 10 mg ofjructose R, 10 rng of
glucose R, 10 mg of lactose monohydrate Rand 10 mg of
sucrose Rin the solvent mixture and dilute to 20 mL with the
solvent mixture.

Plate TLC silica gelplateR.
Mobile phase waterR, methanol R, glacial acetic acidR,
ethylene chloride R (10:15:25:50 VIVIVIV); measure the
volumes accurately, as a slight excess of water produces
cloudiness.

Application 2 J.LL; 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 mobile phase.

DryingB In a current of warm air.

PhEtr -'-__

HO~
HO

H~)-O,~ OH OH'

~ OH

OH

Action and use
Excipient.

Lactose Monohydrate1

(ph. Eur. monograph 0187)

NOTE: The nameLactose wasformerly usedin the United
Kingdom.

Temperature
("C)

80

80 -.. 150

150 --. 300

300

275 or use cold
on-column injection

325

Time
(min)

0-1

1 - 3

3 - 15.5

15.5 - 17.5

Injection port

Detector

Column

Detection Flame ionisation.

Injection 0.5 J!L, splitless or by cold on-column injection.

Relative retention With reference to ~-lactose (retention
time =about 12 min): o-Iactose = about 0.9.

System suitability Reference solution:
- resolution: minimum 3.0 between the peaks due to

ce-lactose and ~-lactose.

Calculate the percentage content of «-lactose using the
following expression:

allow to cool and transfer 400 ~LL to an injection vial.
Add 1 mL of pyridine R, close the vial and mix well.

Reference solution Prepare a mixture of a-lactose
monohydrate R and p-lactose R to obtain an anomeric ratio of
about 1:1 based on the labelled anomeric contents of the
«-Iactose monohydrate and the ~-lactose. Introduce 10 mg of
the mixture into a vial with a screw cap and add 4 mL of the
silylation reagent. Sonicate for 20 min at room temperature,
allow to cool, and transfer 400 J!L to an injection vial.
Add 1 mL of pyridine R, close the vial and mix well

Precolumn:
- material: intermediate-polarity deactivated fused silica;
- size: 1= 2 m, 10 = 0.53 mrn.

Column:
- material: fused silica;
- size: 1= 15 m, 0 = 0.25 mrn;
- stationary phase: poly(dimethyl) (diphenyl)siloxane R (film

thickness 0.25 urn).

Cam'ergas helium for chromatography R.
Flow rate 2.8 mlImin.

Temperature:

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.
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_____________________ PhEur

PhEur -'-- _

(Ph. Eur. monograph 1230)

4618-18-2·342.3

HO~HO~OH
HO 0 0

OH

OH

Action and use
Osmotic laxative.

Preparation
Laetulose Oral Powder

Lactulose

characteristics section. Control of the characteristics can contribute
to the qualityof a .medicinal product by improoing the consistency
of themanufacturing process and the performance of the medicinal
product duringuse. W'here control methods arecited, they are
recognised as being suitable for the purpose, but othermethods can
also be used. W'herever results for a particular characteristic are
reported, the control methodmust be indicated.

Thefollowing characteristics may be relevant for lactose
monohydrate usedas a filler/diluent in soliddosage forms
(compressed and powder).

Particle size distribution (2.9.31 or 2.9.38)

Bulk and tapped density (2.9.34)
Determine the bulk density and the tapped density. Calculate
the Hausner ratio.

DEFINITION
4-0-~-D-Galactopyranosyl-D-arabino-hex-2-ulofuranose.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, sparingly soluble in methanol,
practically insoluble in toluene.

mp
About 168 -c.
IDENTIFICATION
F£rst identification: B, C, D~ E.

Secondidentification: A, C, D, E.

A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.

Reference solution Dissolve 50.0 mg of lactulose CRS in
waterR and dilute to 10.0 mL with the same solvent.

Plate TLC silica gelplate R.

Detection Spray with a solution of 0.5 g of thymol R in a
mixture of 5 mL of sulfuric acid R and 95 mL of ethanol
(96 per cent) R; heat at 130 aC 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, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

C. Dissolve 0.25 gin 5 mL of waterR. Add 5 mL of
ammonia R and heat in a water-bath at 80 "C for 10 min.
A red colour develops.

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 water R.

Appearance of solution
Solution S is clear (2.2.1) Oand not more intensely coloured
than reference solution BY7 (2.2.2~ Method 11)0.

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 solution 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.

Specific optical rotation (2.2.7)
+ 54.4 to + 55.9 (anhydrous substance).

Dissolve 10.0 gin 80 mL of water R with heating at 50 "C.
Allow to cool and add 0.2 mL of dilute ammonia Rl. Allow
to stand for 30 min and dilute to 100.0 mL with water R.

Absorbance: proteinsand light-absorbing impurities
(2.2.25)
Testsolution (a) Solution S.

Test solution (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 nm: maximum 0.04 for test solution (a);
-'- from 210 nm to 220 nm.: maximum 0.25 for test

solution (b);
- from 270 nm to 300 nm.:maximum 0.07 for test

solution (b).

Water (2.5.12)
4.5 per cent to 5.5 per cent, determined on 0.50 g, using a
mixture of 1 volume oiformamide 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
TAMe: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13) .•

FtJNCTIONALITY-RELATED CHARACTERISTICS
This section provides informationon characteristics that are
recognised as beingrelevantcontrol parameters for one or more
functions of the substance when used as an excipient (see chapter
5.15). Some of the characteristics described in the Functionality
related characteristics section may also bepresentin the mandatory
part of the monograph since they alsorepresent mandatory quality
criteria. In suchcases, a cross-reference to the tests described in the
mandatory part is includedin the Functionality-related
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Mobz7e phase glacial acetic acid R, 50 gIL solution of boric
acidR, methanol R, ethyl acetate R (10:15:20:55 VIV/V/V).

Application 2 ilL.
Development Over 3/4 of the plate.

Drying At 100-105 DC 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
sulfuric acidRand 90 volumes of methanol R; heat at 110 DC
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 and size to
the principal peak in the chromatogram obtained with
reference solution (b).

C. Dissolve 50 mg in 10 mL of waterR. Add 3 mL of cupri
tartaric solution R and heat. A red precipitate is formed.

D. Dissolve 0.125 ginS mL of waterR. Add 5 mL of
ammonia R. Heat-ina water-bath at 80 DC for 10 min. A red
colour develops.

E, Specific optical rotation (see Tests).

TESTS
Solution S
Dissolve 3.0 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 BYs (2.2.2~ MethodII).

pH (2.2.3)
3.0 to 7.0.

To 10 mL of solution S add 0.1 mL of a saturated solution
ofpotassium 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 (2.2.29).

Testsolution - Dissolve 1.00 g of the substance to be
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 solution (a) To 3.0 mL of the test solution add
48.5 mL of acetonitrile R with gentle heating and dilute to
100.0 mL with waterR.
Reference solution (b) Dissolve 1.00 g of lactulose CRS in
10 mL of waterR. Add 12.5 mL of acetonitrile R with gentle
heating and dilute to 25.0 mL with water R.
Reference solution (c) Dissolve 10 mg of lactulose R, 10 mg of
epilactose R (impurity A) and 10 mg of lactose monohydrate R
(impurity C) in 2 mL of waterR. Add 2.5 mL of
acetonitrile R with gentle heating and dilute to 5 mL with
water R.
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 waterR. Dilute 5.0 mL of this solution to
100.0 mL with a mixture of equal volumes of acetonitrile R
and waterR.
Column 1:

Lactulose 11-73

- size: l = 0.05 m, 0 = 4.6 mm.;
- stationary phase: aminopropylsilyl silica gelfa;

chromatography R (3 J.l1D.);
- temperature: 38 ± 1 "C.

Column 2:
- size: l =0.15 m, 0 =4.6 mm;
- stationary phase: aminopropylsilyl silica gelfor

chromatography R (3 J.l1D.);
- temperature: 38 ± 1 DC.

Columns 1 and 2 are coupled in series.

Mobile phase Dissolve 0.253 g of sodium dihydrogen
phosphate R in 200 rnL of waterfur chromatography R and
dilute to 1000 mL with acer:oninile R.
Flow rate 1.0 mllmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35 DC).

Injection 20 J1L of the test solution and reference
solutions (a), (c) and (d).

Run time Twice the retention time oflaetu1ose.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities A and C.

Relative retention With reference to laetulose (retention
time = about 18 min): impurity A =about 0.9;
impurity C = about 1.2.

System suitability Reference solution (c):
- peak-to-valley ratio: minimum 5.0, 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 the peak due to lactulose.

Limits:
- impurity C: not more than the area of the peak due to

lactulose in the chromatogram obtained with reference
solution (a) (3.0 per cent);

- unspecified impurities: for each impurity, not more than
twice the area of the peak due to laetulose in the
chromatogram obtained with.reference solution (d)
(0.5 per cent);

- total: not more than the area of the peak due to lactulose
in the chromatogram obtained with reference solution (a)
(3.0 per cent);

- disregard limit: the area of the peak due to lactulose in the
chromatogram obtained with reference solution (d)
(0.25 per cent).

The thresholds indicated under Related 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 ofpropanol Rand
100.0 mL of water R. Dilute 1.0 m.L 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 J1L of a 0.1 per cent V/V solution of methanol R.
Reference solution To 1.0 mL of the internal standard
solution in a 20 mL vial add 5 J,LL of a 0.1 per cent VIV
solution of methanol R.
Column:
- size: 1= 2 m, 0 = 2 mm;
- stationary phase: eihylvinylbenzene-divinylbenzene

copolymer R (180 urn).
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Carrier gas helium for chromatography R.

Flow rate 30 mUmin.

Static head-space conditions that may beused:
- equilibration temperature: 60°C;
- equilibration time: 1 h;
- pressurisation time: 1 min.

Temperature:
- column: 140°C;
- injection port: 200 "C;
- detector: 220°C.

Detection Flame ionisation.

Injection 1 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 to methanol to the area of the peak due to the
internal standard in the chromatogram obtained with the
reference solution; calculate the ratio 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
test solution: this ratio is not greater than 2R (50 ppm).

Boron
Maximum 9 ppm.

Avoid where possible the use of glassware.

Reference solution Dissolve 50.0 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 waterR. 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 waterR
(solution C);

- 2.0 mL of waterR (solution D).

To each flask add 4.0 mL of acetate-edetate buffer solution
pH 5.5 R. Mix and add 4.0 mL of freshly prepared
azomethine H solution R. Mix and allow to stand for 1 h.
Measure the absorbance (2.2.25) of solutions A, B and C at
"420 nm, using solution D 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 that of 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 10z CFU/g (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.

Injection Test solution and reference solution (b).

System suitability Reference solution (b):
- symmetry factor. 0.6 to 2.0 for the principal peak.

Calculate the percentage content of C12HZ2011 taking into
account the assigned content of lactulose CRS.

2020

IMPURITIES
Specified impurities C.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorotherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to identifythese impurities for demonstration of
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) A, B, D, E.

HO~HO~; OH

HO .O~
OH

OH

A. 4-o-~-D-galactopyranosyl-D-mannopyranose (epilactose),

:;)-0,
\i:.(0H

OH

B. D-galactopyranose (galactose),

H°

rtrHO

~~)__~~~OH- .... OH

\L.( OH

OH

C. 4-0-~-D-galactopyranosyl-D-g1ucopyranose (lactose),

~
OH

HO

HO OH

OH

D. D-arabino-hex-2-ulopyranose (fructose),

~
OH

OHHO

HO OH

E. D-ryxo-hex-2-ulopyranose (tagatose).
_____________________ PhEur

Lactulose Solution
(LiquidLactulose, Ph. Eur. monograph 0924)

Action and use
Osmotic laxative.

PhEur _

DEFINITION
Aqueous solution of 4-o-~-D-galaetopyranosyl-D-arabino-hex

2-ulofuranose normally prepared by alkaline isomerisation of
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lactose. It may contain other sugars including lactose,
epilactose, galactose, tagatose and fructose.

Content
Minimum 620 gIL of lactulose (C12H2Z011; Mr 342.3) and
95.0 per cent to 105.0 per cent of the content oflaetu1ose
stated on the label.

It may contain a suitable antimicrobial preservative.

CHARACTERS
Appearance
Clear, viscous liquid, colourless or pale brownish-yellow.

Solubility
Miscible with water. It may be a supersaturated solution or
may contain crystals that disappear on heating.

A 10 per cent VIV solution is laevorotatory.

IDENTIFICATION
First identification: B, C, D.
Secondidentification: A, C, D.

A.cTllln-layerchrdfuatography (2.2.27).

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 lactulose CRS in
waterRand dilute to 10.0 mL with the same solvent.

Plate TLC silica gelplate R.

Mobilephase glacial acetic acidR, 50 gIL solution of boric
acid R, methanolR, ethyl acetate R (10:15:20:55 VIVIVIV).

Application 2 ilL.
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-dihydroxynaphthalene R in a mixture of 10 volumes of
sulfuric acid Rand 90 volumes of methanolR; 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 the
principal peakin the chromatogram obtained with reference
solution (b).

C. To 0.1 g add 10 mL of waterRand 3 mL of cupri-tartaric
solution R and heat. A red precipitate is formed.

D. To 0.25 g add 5 mL of waterRand 5 mL 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-free waterR and dilute to
100 mL with the same solvent.

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

pH (2.2.3)
3.0 to 7.0.

To 10 mL of solution S add 0.1 mL of a saturated solution
of potassium chloride R.

Related substances
Liquid chromatography (2.2.29).

Lactulose 11-75

Test solution Mix 4.00 g of the substance to be examined
and 20 mL of waterR. Add 25.0 mL of acetonitrile R with
gentle heating and dilute to 50.0 mL with water R.

Reference solution (a) 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 waterR.

Reference solution (b) Dissolve 2.00 g of lactulose CRS in
20 mL of waterR. Add 25.0 mL of acetonitrile R with gentle
heating and dilute to 50.0 mL with water R.

Reference solution (c) Dissolve 65 mg ofjructose CRS
(impurity D) in a mixture of equal volumes of acetonitrile R
and waterR and dilute to 100.0 mL with the same mixture
of solvents.

Reference solution (d) Dissolve 1 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 mL with a mixture of equal volumes of acetonitrile R
and waterR.

Column 1:
- size: l = 0.05 m, 0 = 4.6 mm;
- stationary phase: aminopropylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 38 ± 1 "C.

Column 2:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: aminopropylsilyl silica gelfor

chromatography R (3 um);
- temperature: 38 ± 1 "C.

Columns 1 and 2 are coupled 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 acetonitrile R.

Flow rate 1.0 mUmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 20 ul, of the test solution and of reference
solutions (a), (d) and (e).

Run time Twice the retention time of lactulose.

Identification of impurities Use the chromatogram supplied
with lactulose for peak identification CRS and the
chromatogram obtained with reference solution (d) to
identify the peaks due to impurities A, B, C, D, E, F, G
andH.

Relativeretention With reference to lactulose (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 e =about 1.2;
impurity H =about 1.5.

System suitability Reference solution (d):
- peak-to-valley ratio: minimum 5.0, 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 the peak due to lactulose.

Limits:
- impurityB: not more than 3 times the area of the peak

due to lactulose in the chromatogram obtained with
reference solution (a) (15.0 per cent);

- impurities A, C: for each impurity, not more than twice the
area of the peak due to lactulose in the chromatogram
obtained with reference solution (a) (10.0 per cent);
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- impurities E~ F: for each impurity, not more than 0.8 times
the area of the peak due to lactulose in the chromatogram
obtained with reference solution (a) (4.0 per cent);

- impurities G~ H: for each impurity, not more than
0.3 times the area of the peak due to lactulose in the
chromatogram obtained with 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);

- unspecified impurities: for each impurity, not more than
0.1 times the area of the peak due to lactulose in the
chromatogram obtained with reference solution (a)
(0.5 per cent);

- sum of impurities eluting after impurity H: not more than
0.26 times the area of the peak due to lactulose in the
chromatogram. obtained with reference solution (a)
(1.3 per cent);

- total (excludingimpuritiesB and C): not more than
2.4 times the area of the peak due to lactulose in the
chromatogram. obtained with reference solution (a)
(12.0 per cent);

- disregard limit: not more than the area of the peak due to
lactulose in the chromatogram obtained with reference
solution (e) (0.25 per cent).

The thresholds indicated under Related 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 water R. Dilute 1.0 mL of the solution to
100.0 mL with water R. Dilute 5.0 mL ofthis solution to
50.0 mL with water R.

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 ul, of a 0.1 per cent VfV solution of methanolR.

Reference solution To 1.0 mL of the internal standard
solution in a 20 mL vial add 5 J.LL of a 0.1 per cent V/V
solution of methanolR.

Column:
- size: 1= 2 m, 0 = 2 mm.;
- stationary phase: ethylv£nylbenzene-divinylbenzene

copolymer R (180 urn),

Carrier gas heliumfor chromatography R.

Flow rate 30 mIJmin.

Static head-space conditions that may be used:
- equilibration temperature: 60 DC;
- equilibration time: 1 h;
- pressurisation time: 1 min.
Temperature:
- column: 140 DC;
- injection port: 200°C;
- detector: 220 DC.

Detection Flame ionisation.

Injection 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 (R) 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
reference solution; calculate the ratio of the area of the
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peak due to methanol to the area of the peak due to the
internal standard in the chromatogram obtained with 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 iVI
sodium hydroxide and dilute to 100 mL with water R.
To 10.0 mL of this solution, add 1.0 mL of hydrochloric
acid R1, 2.0 mL of decolorised fuchsin solution R1 and 2.0 mL
of a 0.5 per cent V/V solution of formaldehyde R. Allow to
stand for 30 min and measure the absorbance (2.2.25) at
583 nm using as the compensation liquid a solution prepared
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 that of a
reference solution prepared at the same time and in the same
manner using 10.0 mL of sulfite standard solution (1.5 ppm
S02J R instead of the solution of the substance to be
examined.

Boron
Maximum 5 ppm.

Avoid where possible the use of glassware.

Reference solution Dissolve 56.0 mg of boric acid R in water R
and dilute to 100.0 mL with the same solvent. Dilute 5.0 mL
of this solution to 100.0 mL with waterR. Keep in a well
closed polyethylene container.

In 4 polyethylene 25 mL flasks, place separately:
- 1.00 g of the substance to be examined and 1 mL of

waterR (solution A);
- 1.00 g of the substance to be examined and 1 mL of the

reference solution (solution B);
- 1 mL of the reference solution and 1 mL of water R

(solution C);
- 2 mL of water R (solution D).

To each flask, add 4.0 mL of acetate-edetate buffersolution
pH 5.5 R. Mix and add 4.0 mL of freshly prepared
azomethine H solution R. Mix and allow to stand for 1 h.
Measure the absorbance (2.2.25) of solutions A, Band C at
420 nm, using solution D 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 that of solution A.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 1.5 g and calculated
with reference to the declared content of lactulose.

Microbial contamination
TAMC: acceptance criterion 102 CFU/g (2.6.12).

TYMC: acceptance criterion 101 CFU/g (2.6.12).

Absence of Escherichia cdi (2.6.13).

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).

System suitability Reference solution (b):
- symmetryfactor. 0.6 to 2.0 for the principal peak.

Calculate the percentage content of C12H22011 taking into
account the assigned content of lactulose CRS.

LABELLING
The label states the declared content of lactulose.

IMPURITIES
Specified impurities A~ B, C, D, E, F~ G, H.

www.webofpharma.com



2020 Lamivudine 11-77

PhEur _

Lamivudine

134678-17-4229.3

(Ph. Bur. monograph2217)

DEFINITION
4-Amino-1-[ (2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-5-yl]
pyrimidin-2(lH)-one.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

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.
Second identification: A~ B.

A. Specific optical rotation (2.2.7): -99 to -97 (dried
substance).

Dissolve 0.250 g in water R and dilute to 50.0 mL with the
same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison lamivudine 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. Enantiomeric purity (see Tests).

TESTS
Absorbance (2.2.25)
Maximum 0.3 at 440 nm, using a path length of 4 cm.

Dissolve 1.00 g in water R, using sonication if necessary, and
dilute to 20.0 mL with the same solvent.

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 mobile phase.

Action and use
Nucleoside reverse transcriptase inhibitor; antiviral (HIV).

Preparations
Lamivudine Tablets

Zidovudine and Lamivudine Tablets

Abacavir, Zidovudine and Lamivudine Tablets

Abacavir and Lamivudine Tablets

~
OH

OHHO

HO OH

~OH
HO

HO~HO~~. OH

HO o~
OH

OH

:;)-0,
\L.(0H

OH

H.O~HO~O' OH

HO O~
OH OH

OH

~
OH

HO

HO OH

OH

F. (2S,4S)-2-(hydroxymethyl)oxolane-2,4-diol,

G. unknown structure,

H. unknown structure.

D.o-arabino-hex-2-ulopyranose (fructose),

E. D-(yxo-hex-2-ulopyranose (tagatose),

c. 4-o-~-D-galaetopyranosyl-D-g1ucopyranose (lactose),

B. n-galactopyranose (galactose),

____________________ PhEur

A. 4-o-~-D-galactopyranosyl-D-mannopyranose (epilactose),
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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 salicylic acid R 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 uracilR 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 mobile phase.

Reference solution (e) Dissolve 5 mg of lamivudinefor system
suitability 1 CRS (containing impurities A and B) in 2 mL of
the mobile phase. Add 1.0 mL of reference solution (d) and
dilute to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mID;
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (5 !J.IIl);
- temperature: 35 0 C.
Mobile phase Mix 5 volumes of methanol Rand 95 volumes
of a 1.9 'g/L solution of ammonium acetate R, previously
adjusted to pH 3.8 with glacial acetic acidR.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 277 nm.

Injection 10~.

Run time 3 times the retention time oflamivudine.

Identification of impurities Use the chromatograms obtained
with reference solutions (b) and (e) to identify the peaks due
to impurities A, B, E, F and C.

Relativeretention With reference to lamivudine (retention
time = about 9 min): impurity E = about 0.28;
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: minimum 1.5 between the peaks due to

impurities F and A; 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 = 0.6;
impurity F = 2.2; impurity J = 2.2;

- impurityA: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- impurityB: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impurityC: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.1 per cent);

- any 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);

- total: not more than 6 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.6 per cent);
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- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Enantiomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dissolve 25.0 mg of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent.

Reference solution Dissolve the contents of a vial of
lamivudinefor systemsuitalrili1:y 2 CRS (containing impurity D)
in 1.0 mL of waterR.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm.;
- stationary phase: silica gelBe for chiral chromatography R

(5 urn);
- temperature: maintain at constant temperature between

15°C and 30 "C; the temperature may be adjusted to
optimise the resolution between lamivudine and
impurity D; a lower temperature favours improved
resolution.

Mobz7e phase .Mi"C 5 volumes of methanol R and 95 volumes
of a 7.7 gIL solution of ammonium acetate R.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 270 nm.

Injection 10 IlL.
Run time Twice the retention time of lamivudine.

Relativeretention WIth reference 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:
- peah-to-ualley-ratio: minimum. 15, 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
curve separating this peak from the peak due to
lamivudine.

Calculate the sum of the percentage contents of all
impurity peaks with 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:
- impurity 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 CSHllN30 3S using the
chromatograms obtained with the test solution and reference
solution (c) and the declared content of CSHllN30 3S in
lamivudine CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C~ D.
Otherdetectableimpurities (the following substances would, if
present at a sufficient leuel, be detected by one or otherof the tests
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C. 2-hydroxybenzenecarboxylic acid (salicylic acid),

I. 4-amino-l-[(2S,4S)-2-(hydroxymethyl)-1,3-dioxolan-4-yl]
pyrimidin-2(1H).;;orte;

G. 4-amino-I-[(2R,3S,5S)-2-(hydroxymethyl)-1 ,3-oxathiolan
5-ylJpyrimidin-2(lH)-one S-oxide,

H. 4-amino-l-[(2R,3R,5S)-2-(hydroxymethyl)-1,3-oxathiolan
5-yl]pyrimidin-2(1H)-one S-oxide,

andenantiomer

and enantiomer

(X, C02H

~ OH

A. (2RS,5SR)-5-(4-amino-2-oxopyrimidin-1 (2H)-yl)-1,3
oxathiolane-2-carboxylic acid,

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 necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) E, F, G, H, I, J.

Eo 4-amino-l-[(2RS,5RS)-2-(hydroxymethyl)-1,3-oxathiolan
5-yl]pyrimidin-2(1H)-one ((±)-trans-Iamivudine),

D. 4-amino-1-[(2S,5R)-2-(hydroxymethyl)-1,3-oxathiolan-5
yl]pyrimidin-2(1H)-one,

J. 1-[(2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-5-yl]
pyrimidine-2,4(lH,3H)-dione.

____________________ PhEur

Lamotrigine

E. 4-aminopyrimidin-2(lH)-one (cytosine),
(Ph. Eur. monograph 1756)

F. pyrimidine-2,4(IH,3H)-dione (uracil), 256.1 84057-84-1

Action and use
Antiepileptic.

Preparations
Lamotrigine Dispersible Tablets

Lamotrigine Tablets
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PhEur _

DEFINITION
6-(2,3-Dichlorophenyl)-1,2,4-triazine-3,5-diamine.

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

CHARACTERS
Appearance
"White or almost white powder.

Solubility
Very slightly soluble in water, slightly soluble in anhydrous
ethanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison lamotrigine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20 mg of the substance to be
examined in 5 mL of methanolR and dilute to 100.0 mL
with a 10.3 g/L solution of hydrochloric acid R.

Reference solution (a) Dissolve 5 mg of lamotrigine for system
suitability CRS (containing impurity G) in 2.5 mL of
methanolR and dilute to 25.0 mL with a 10.3 gIL solution of
hydrochloric acid R.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with a 10.3 gIL solution of hydrochloric acidR.
Dilute 2.0 mL of this solution to 10.0 mL with a 10.3 g/L
solution of hydrochloric acidR.
Reference solution (c) Dissolve 5.0 mg of lamotrigine
impurity E CRS in a mixture of 0.25 mL of hydrochloric
acidRand 45 mL of methanolR and dilute to 50.0 mL with
methanolR. Dilute 5.0 mL of the solution to 100.0 mL with
a 10.3 g/L solution of hydrochloric acid R. To 4.0 mL of this
solution add 5 mL of methanolR and dilute to 100.0 mL
with a 10.3 gIL solution of hydrochloric add R.
Reference solution (d) Dissolve 10 mg of lamotrigine for peak
identification CRS (containing impurities A, E and F) in
2.5 mL of methanolR and dilute to 50.0 mL with a 10.3 gIL
solution of hydrochloric add R.

Blank solution Mix 5 volumes of methanolR and 95 volumes
of a 10.3 gIL solution of hydrochloric acid R.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped oetadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 35 "C.

Mobilephase:
- mobile phaseA: mix 1 volume of triethylamine Rand

150 volumes of a 2.7 gIL solution of potassium dihydrogen
phosphate R; adjust to pH 2.0 with phosphoric acid R;

- mobile phase B: acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-4 85 15

4 - 14 85 -'> 20 15 -'> 80

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 270 urn.

Injection 10 ul, of the test solution, reference
solutions (a), (b) and (d) and the blank solution.
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Identification of impurities Use the chromatogram supplied
with lamotrigine for peak identification CRS and the
chromatogram obtained with reference solution (d) to
identify the peaks due to impurities A, E and F; 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 1.1;
impurity A = about 1.3; impurity E =about 1.7;
impurity F = about 1.8.

System suitabt1ity 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 this peak from the peak due to lamotrigine.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity F by 1.3;
- impurityF: not more than the area of the principal peak in

the chromatogram obtained with reference solution (b)
(0.2 per cent);

- impurities A, G: for each impurity, not more than
0.5 times 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
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 the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.2 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); 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 VIV).
Detection Spectrophotometer at 210 nm.

Injection Test solution and reference solutions (d) and (c).

Run time 10 min.

Retention time Impurity E = about 5.5 min;
impurity F = about 8.5 min.

System suitability Reference solution (d):
- the chromatogram obtained is similar to the

chromatogram supplied with lamotrigine for peak
identification CRS.

Limit:
- impurityE: not more than the area of the corresponding

peak in 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 (2.4.140
Maximum 0.1 per cent, determined on 2.0 g.
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ASSAY
Dissolve 0.200 gin 60 mL of anhydrous acetic acidR. Titrate
with 0.1 Ailperchloric 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 25.61 mg
of C9H7Cl2Ns.

IMPURITIES
Specified impurities AJI E, F, G.
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 acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to idtmTify these impurities for
demonstration of compliance: See also 5.10. Control of impurities
in substances for phamzaceuJical use) B, C, D.

F. N- [5-amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-3-yl]-2,3
dichlorobenzamide,

N NH2
CI N~ Y
~N
JJ ~H2

CI

G.6-(2,4-dichlorophenyl)-1,2,4-triazine-3,5-diamine.

N",Ny NH2

W
I NH

. I 0
~ CI

CI

____________________ PhEur

Lansoprazole
(Ph. Bur. monograph 2219)

103577-45-3369.4

DEFINITION
2-[(RS)-[[3-Methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-yl]
methyl]sulfinyl]-lH-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,
very slightly soluble in acetonitrile.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison lansoprazole 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.

PhEur _

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

Preparations
Lansoprazole Gastro-resistant Capsules

Lansoprazole Gastro-resistant Tablets

A:'3-amino-6-(2,3'::dichlorophenyl)-1,2,4-triazin-5(4H)-one,

C. (2Z)-[2-(diaminomethylidene)diazanylidene](2,3
dichlorophenyl) acetonitrile,

D. 6-(2, 3-dichlorophenyl)-1,2,4-triazine-3,5(2H,4H)-dione,

B. (2E)-[2-(diaminomethylidene)diazanylidene](2,3
dichlorophenyl) acetonitrile,

E. 2,3-dichlorobenzoic acid, TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution B2 or BYz (2.2.2~ Method II).
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Dissolve 1.0 gin dimethylformamide R and dilute to 20 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use and protect themfrom light.

Solvent mixture Mix 1 volume of triethylamine Rand
60 volumes of water R and adjust to pH 10.5 with phosphoric
acidR; mix this solution with 40 volumes of acetonitrile R1.

Test solution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution (a) Dissolve the contents of a vial of
lansoprazole for peak identification CRS (containing
impurities A and B) in 1.0 mL of the solvent mixture.

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 solvent mixture.

Reference solution (c) Dissolve 5 mg of
2-hydroxybenzimidazole 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 amidohexadecylsilyl silica gelfor

chromatography R (5 !J.ID.).

Mobile phase Mix 1 volume of triethylamine Rand
60 volumes of waterR and adjust to pH 6.2 with phosphoric
acidR; mix this solution with 40 volumes of acetonitrile R1.

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 285 nm.

Injection 10 j.LL.
Run time 3 times the retention time of lansoprazole.

Identification of impurities Use the chromatogram supplied
with lansoprazole for peak identification CRS and 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 peaks due to impurities D and E.

Relativeretention With reference to lansoprazole (retention
time =about 7 min): impurity D =about 0.4;
impurity A = about 0.5; impurity E = about 0.6;
impurity B = about 1.2.

System suitabz1ity 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 0.4;
- impurityB: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.4 per cent);

- impurities A, D) E: for each impurity, not more than
0.5 times 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
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 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.6 per cent);
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- disregard limit: 0..25 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.32)
Maximum 0.1 per cent, determined on 0.150-0.200 g using
the evaporation technique:
- temperature: 50-70°C;
- heating time: 15 min;
- flow rate: 150 II1..IJmin.

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

ASSAY
Dissolve 0.300 gin 40 mL of ethanol (96 per cent) Rand
dilute to 50 mL with waterR. Titrate with 0.1 M sodium
hydroxide, determining the end-point potentiometrically
(2.2.20).
1 rn.L of 0.1 .LVI sodium hydroxide is equivalent to 36.94 mg of
C16Hl¢3N30ZS.

STORAGE
In an airtight container, protected from light.

IMPl.JRITIES
Specified impurities A) B) D) E.

Otherdetectable impurities (the following substances would) if
present at a sufficient level) be detected by oneor otherof the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for other/unspecified impurities and/or 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 for pharmaceutical use) C) F.

Q~H c~
~nO<:»: CF3

N ~ I
o o" N # and enantiomer

A. 2- ((RS)- [[3-methyl-l-oxido-4-(2,2,2
trifluoroethoxy)pyridin-2-yl]methyl]sulfinyl]-lH
benzimidazole,

B. 2- [[[3-methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-yl] methyl]
sulfonyl]-lH-benzimidazole,

C. 2- [[[3-methyl--J:-(2,2,2-trifluoroethoxy)pyridin-2-yl]methyl]
sulfany1] -1H-benzimidazole,

D. IH-benzi.cilid2zo1-2-o1,
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E. 1H-benzimidazole-2-thiol,

andenantiomer

F. 2-[(RS)-[(4-chloro-3-methylpyridin-2-yl)methyl]sulfinyl]
1H-benzimidazole.

_____________________ Ph£ur

taurcmacroqel 400
(ph. Bur. monogrqph 2046)

Action and use
N on-ionic surfactant; sc1erosant.

PhEdF:...-' '--- _

DEFINITION
Mixture of lauryl alcohol (dodecanol) monoethers of mixed
macrogols. It may contain some free macrogols and it
contains various amounts of free lauryl alcohol. The number
of moles of ethylene oxide reacted per mole of lauryl alcohol
is 9. The name of the substance is followed by a number
(400) corresponding approximately to the average molecular
mass of the macrogol portion.

This monograph applies to lauromacrogol 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.

Solubility
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. Warm the substance to be examined in an incubator at
50°C for 1 h until fully molten and clear. Transfer 50 mL to
a warmed cloud-point tube (flat-bottomed glass tube
30-33.5 mm in internal diameter and 115-125 mm high).
Insert the tube into a cooling bath that allows 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 nun high) that is surrounded by iced
water. The base of the glass tube rests on a 6 mm thick cork
disc, which prevents direct thermal contact with the cooled
metal cylinder. Stir the substance to be examined
continuously with a thermometer so that the temperature is
constant throughout the substance. Periodically lift the tube
out of the cooling bath to check for signs of cloudiness at the
bottom of the tube. Examine the tube against a bright light
source. When cloudiness is first observed, check more
frequently until the substance becomes completely cloudy

Lauromacrogo1400 11-83

and the thermometer, suspended in the centre of the
substance, is only just visible when viewed horizontally.
Record the temperature. It is 20°C to 25 °C.

TESTS
Appearance
The molten substance to be examined is clear (2.2.1) and
not more intensely coloured than reference solution GY6

(2.2.2, Method!).

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of carbon dioxide
free waterRand 10 mL of ethanol (96 per cent) R.
Add 0.1 mL of bromothymol blue solution R1. 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 on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
90 to 105, determined on 0.35 g.

Iodine value (2.5.4, MethodA)
Maximum 2.0.

Peroxide value
Maximum 5.0.

Introduce 10.0 g into a 100 mL beaker, dissolve with glacial
acetic acidR and dilute to 20 mL with the same solvent.
Add I mL of saturated potassium iodide solution R, mix and
allow to stand for 1 min. Add 50 mL of carbon dioxide-free
waterR. Titrate with 0.01 M sodium thiosulfate, determining
the end-point potentiometrically (2.2.20). Carry out a blank
titration.

Determine the peroxide value using the following expression:

nl volume of 0.01 M sodiumthiosulfate required for the substance
to be examined, in millilitres;

nz volume of 0.01 M sodiumthiosulfate 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.

Saponification value (2.5.6)
Maximum 3.0.

Free lauryl alcohol (dodecanol)
Gas chromatography (2.2.28).

Testsolution 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 laurylalcohol R in
acetone R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of this solution to 50.0 mL with acetone R.

Column:
- material: fused silica;
- size: I = 30 m, 0 = 0.25 mm;
- stationary phase: poly(dimethyl) (diphenyl)siloxane R (film

thickness 0.1 urn).

Carrier gas helium for chromatography R.

Flow rate 1 mIJmin.

Spl£t ratio 50:1.

www.webofpharma.com



11-84 Lauromacrogcl 400 2020

Limit:
- free macrogols: maximum 3.0 per cent.

Ai xmz x 200

ml x (Az + 2A3 )

ml mass of the substance to be examined in the test solution, in
grams;

n!2 mass of macrogol moo R in reference solution (a), in grams;
A 1 area of the peak due to free macrogols in the chromatogram

obtained with the test solution;
A 2 area of the peak due to macrogol 1000 in the chromatogram

obtained with rcl'erence solution (a);
A3 area of the peak due to macrogol 1000 in the chromatogram

obtained with reference solution (b).

16.25

0.998

0.929

0.989

1.000

1.001

7.410

0.963

1.001

Normalised integrals

sum of the normalised integrals of the signals from
14 ppm to 33 ppm;
normalised integral of the signal at 72.6 ppm.

Signal Shift (ppm)

Table 2046.-1. - Shift values

CH 3 14.4

CH 2 (alkyl chain) 23.2

CH 2 (alkyl chain) 25.5

CH 2's (alkyl chain) 30

CH 2 (alkyl chain) 32.5

CH 2 (-CHz-OH) (end CH 2- 61.6
group of macrogol)

CH 2's (macrogol) 70.7

CH 2 (R-CH-O-macrogol) (CH 2 72.6
in alpha position)

CH 2 (macrogol) 73.1

L:14-33 In,i

1",72.6

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 (CHz at 73.1 ppm);
- peak width at half-height: maximum 0.05 ppm, for the

central CDCl3 signal (at 8 78.6 ppm).

Calculation of the average chain length of thefatty alcohol and
the average numberof moles of ethylene oxide Define the signal
at 23.2 ppm as 1.000 and normalise the integrals of the other
signals listed in Table 2046.-l.

The average chain length of the fatty alcohol is calculated
using the following expression:

Average chain length of the fatty alcohol and average
number of moles of ethylene oxide .
Nuclear magnetic resonance spectrometry (2.2.33).

Testsolution If the substance is in the solid state at room
temperature, heat gently before sampling. Dissolve 0.4 mL of
the substance to be examined in 0.3 mL of a mixture of
1 volume of deuterated methanol Rand 2 volumes of deuterated
chloroform R, containing 0.1 moJ.IL of chromium(III)
acetylacetonate R as a relaxation aid.

Apparatus High resolution FT-NMR spectrometer
operating at minimum 300 MHz.

Acquisition of 13c NMR spectra The following parameters
may be used:
- sweep width: 250 ppm (-15 ppm to 235 ppm);
- irradiation frequency offset: 110 ppm;
- time domain: 64 K;
- pulse delay: 3 s;
- pulse program: zgig 30 (inverse gated, 30° excitation pulse);
- dummy scans: 4;
.- numberof scans: 2048.

Processing and plotting The following parameters may be
used:
- size: 64 K (zero-filling);
- window multiplication: exponential;
- Lorentzian broadening factor: 1 Hz.

Use the CD30D signal for shift referencing. The shift of the
central peak of the multiplet is set to 49.0 ppm.

Plot the spectral region 8 0.0-80.0 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 .... 350

350

300

350

Temperature
CC)

Tmte
(min)

0-1

1- 23

23 - 33

Column

Injection port

Detector

Temperature:

Detection Flame ionisation.

Injection 1.0 lli-.
Retention time Lauryl alcohol = about 5 min.

Limit:
- free lauryl 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 macrogol
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: l = 0.125 m, 0:: 4 mrn.;
- stationary phase: spherical oetadecylsilyl silica gelfor

chromatography R (5 IJIID) with a pore size of 10 nm.

Column:
- size: I =0.30 m, 0:: 7.8 mrn;
- stationary phase: .1rydroxylated polymethacrylate gelR (6 urn)

with a pore size of 12 DID.

Connect both precolumns to the column using a 3-way valve
and switch the mobile phase flow according to the following
programme:
- 0-114 s: precolurnn 1 and column;
- 115 s to the end: precolumn 2 and column;
- 115 s to 8 min: flow back of precolumn 1.

Mobile phase water R, methanolR (2:8 VlV).

Flow rate 1). mUmin.
Detection Refractometer,

Injection 20 ~tL.

Calculate the percentage content of free macrogols using the
following expression:
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Figure 2046.-1. - 13C NMR spectrum of lauromacrogol400

____________________ PhEur

PhEur _

Lauroyl Macrogolglycerides
(ph. Bur. monograph 1231)

Action and use
Excipient.

with saturated fatty acids, or by mixing glycerol esters and
condensates of ethylene oxide with the fatty acids of these
hydrogenated oils.

CHARACTERS
Appearance
Pale yellow waxy solid.

Solubility
Dispersible in hot water, freely soluble in methylene chloride.

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 rnL with the same
solvent.

Plate TLC silica gelplate R.

Mobzle phase hexane R, etherR (30:70 VIV).
Application -. 10 ilL.

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 percent) R and examine in ultraviolet light at
365 nm.

Results The chromatogram shows a spot due to triglycerides
with an RF value of about 0.9 (Rst 1) and spots due to
1,3-diglycerides (Rst 0.7), to 1,2-diglycerides (Rst 0.6), to
monoglycerides (Rst 0.1) and to esters of macrogol (Rst 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 melted by heating for 1 h in an oven at
100 ± 2 "C, and allow to stand for 5 h at about 5 "C.

0.5 x (1n,62 +111,71 +1n,73)

= normalised integral of the signals at 62 ppm,
71 ppm and 73 ppm respectively.

I",621 I,.,71> 1,,,73

DEFINITION
Mixtures of monoesters, diesters and triesters of glycerol and
monoesters and diesters of 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,
using macrogol, or by esterification of glycerol and macrogol

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:
- average chain length of thefatty alcohol: 10.0 to 14.0;
- average number of moles of ethylene oxide: 7.0 to 11.0.

Ethylene oxide and dioxan (2.4.25, MethodA)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
ofdioxan.

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.
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Alkaline hnpurities
Introduce 5.0 g into a test tube and carefully add a mixture,
neutralised if necessary with 0.01 1\11 hydrochloric acidor 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
waterR and 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 periodic acetic acid solution 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.

1 mL of 0.1 M sodium thiosulfate is equivalent to 2.3 mg of
glycerol. .

Composition of fatty acids (2.4.22, Method A)
Composition of the fatty-acid fraction of the substance:
- 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;
- palmitic acid: 4.0 per cent to 25.0 per cent;
- stearic acid: 5.0 per cent to 35.0 per cent.

Acid value (2.5.1)
Maximum 2.0, determined on 2.0 g.

Hydroxyl value (2.5.3, Method A)
Use 1.0 g.

Peroxide value (2.5.5, Method A)
Maximum 6.0, determined on 2.0 g.

Saponification value (2.5.6)
Use 2.0 g.

270.2

Ph Eix _

Action and use
Immunomodulator,

Preparation
Lefiunomide Tablets

DEFIl\I"ITION
5-;.'vlet.hyl-N-(4-(trifiuoromethyl)phenyl] isoxazole-4
carboxamide.

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 an/rJJdrous methanolRand 70 volumes of
methylene chloride R as solvent.

Total ash (2.4.16)
Maximum a.I per cent.

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 providesinformaiion on characteristics that are
recognised as being relevantcontrol parameters for one or more
functions of the substance when used as an excipient (see chapter
5.15). Some of the characteristics described in the Functionality
related characteristics section may alsobepresent in the mandatory
part of the monograph since they alsorepresent mandatoryquality
criteria. In such cases, a cross-reference to the tests described in the
mandatorypare is includedin the Functionality-related
characteristics section. Controlof the characteristics can contribute
to the quality ofa medicinalproductby improving the consistency
of the manufacturingprocess and the performance of the medicinal
productduring use. W7zere control methods are cited, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used. W'herever results for a particular characteristic are
reported, the controlmethod must be indicated.

The following characteristics may be relevant for lauroyl
macrogolglycerides used as self-emulsifying agents, solub1"lisers,
modified-release agentsand wetting agents for powders and tablets.

Hydroxyl value
(see Tests).

Saponification value
(see Tests).

Composition of fatty acids
(see Tests).

leflunomide

(Ph. Bur. monograph 2330)

_____________________ PhEur

65 - 85

60 - 80
50 -70

36 - 56

190 - 204

170 - 190

150 - 170

79 - 93

33 - 38

36 - 41

38 - 43

42.5 - 47.5

Drop point

Hydroxyl value

Saponification value

300

400
600

1500

300
400
600
1500

300

400

600

1500

Type of macrogol

Type of macrogol

Type ofmacrogol

6

8

12

32

6

8

12

32

6

8

12

32

Ethylene oxide units
per molecule

(nominal value)

Ethylene oxide units
per molecule

(nominal value)

Ethylene oxide units
per molecule

(nominal value)
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Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
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 lefiunomide CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Store all solutions protected
fro.~ lz'ght.,
Test sol~tion (a) '~,bissolve 25.0 mg of the substance to be
examined in 5 mL of acetonitrile for chromatography R and
dilute to 50.0 ml.with the mobile phase.

T~~t solution (b) ... Dissolve 0.125 g of the substance to be
examined in 5 rnL of acetonitrile for chromatography R and
dilute to 50.0 rnL with the mobile phase.

Reference solution (a) Dilute 5.0 mL of test solution (a) to
50.0 rnL with the mobile phase. Dilute 1.0 rnL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 12.5 mg of leflunomide
z'mpurity A CRS in 5 rnL of acetonitrile for chromatography R
and dilute to 100.0 mL with the mobile phase. Dilute
10.0 rnL of the solution to 100.0 mL with the mobile phase.
Dilute 2.0 rnL of this solution to 100.0 mL with the mobile
phase.

Reference solution (c) Dissolve 25.0 mg of lefiunomide CRS in
5 mL of acetonitrile for chromatography R and dilute to
50.0 rnL with the mobile phase.

Reference solution (d) Dissolve the contents of 1 vial of
leflunomidefor peak identification CRS (containing impurities B
and C) in 2.0 rnL of the mobile phase and sonicate for
10 min.

Column:
- size: 1= 0.125 m, {2) = 4.0 mm;
- stationaryphase: end-cappedoctadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase Mix 5 volumes of triethylamine R with
650 volumes of waterfor chromatography R, adjust to
pH 3.4 ± 0.1 with phosphoric add R and add 350 volumes of
acetonitrile for chromatography R.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 210 nrn.
Injection 20 ul, of test solutions (a) and (b) and reference
solutions (a), (b) and (d).

Run time Twice the retention time of leflunomide.

Identification of impurities Use the chromatogram supplied
with lefiunomide for peak identification CRS and the
chromatogram obtained with reference solution (d) to
identify the peaks due to impurities Band C.

Relative retention With reference to leflunomide (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):

Lefiunomide II-87

- peak-w-'i.ralley ratio: minimum 3, where Hp =height above
the baseline of 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
leflunomide.

Limits Test solution (a):
- impurityB: not more than 3 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- sum ofimpuritiesC and E: 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);

- sum ofimpurities other than B: not more 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).

Limit Test solution (b):
- impurityA: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.01 per cent).

Loss on drying (2.2.32)
Maximum 0.3 per cent, determined on 1.000 g by drying in
vacuo at 60 DC for 4 h.

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 (a) and reference solution (c).

Calculate the percentage content of C12H9F3N202 from the
declared content of lefiunomide CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B.
Other detectable impurities (the followz'ng substances soould, if
presentat a sufficient leoel, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substancesfor pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Controlof impurities
in substances for pharmaceutical use) C, D, E~ F, G, H.

A. 4-(trifluoromethyl)aniline,

B, (2Z)-2-\..;lano-3-hydroxy-N- [4-(trifiuoromethyl)phenyl]but
2-enamide (terifiunornide),
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C. 5-methyl-N-[3-(trifiuoromethyl)phenyl]isoxazole-4
carboxamide,

D. 5-methylisoxazole-4-carboxylic acid,

E. 3-methyl-N- [4-(trifiuoromethyl)phenyl] isoxazole-4
carboxamide,

F. 5-methyl-N- [2-(trifluoromethyl)phenyl] isoxazole-4
carboxamide,

G. 5-methyl-N-(4-methylphenyl)isoxazole-4-carboxamide,

H. 2-cyano-N-[4-(tri:fluoromethyl) phenyl] acetamide.
____________________ PhEur

Letrozole

2020

PhEur _

DEFINITION
4,4'-(IH-1,2,4-Triazol-l-ylmethylene)dibenzonitrile.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, sparingly soluble in methanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison letrozole CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 25.0 mg of the substance to be
examined in 15 mL of acetonitrile Rl and dilute to 50.0 mL
with waterR.
Testsolution (b) To 2.0 mL of test solution (a) add 30 mL
of acetonitrile Rl and dilute to 100.0 mL with waterR.
Reference solution (a) Dissolve 5.0 mg of letrozole CRS
(containing impurities A and B) in 3 mL of acetonitrile Rl
and dilute to 10.0 mL with water R.
Reference solution (b) To 2.0 mL of test solution (a) add
30 mL of acetonitrile Rl and dilute to 100.0 mL with waterR.
To 1.0 mL of this solution add 6 mL of acetonitrile Rl and
dilute to 20.0 mL with water R.
Reference solution (c) Dissolve 25.0 mg of letrozole CRS in
15 mL of acetonitrile R1 and dilute to 50.0 mL with waterR.
To 2.0 mL of this solution add 30 mL of acetonitrile Rl and
dilute to 100.0 mL with water R.
Column:
- size: 1= 0.125 m, 0 = 4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1Jl11).

Mobile phase:
- mobile phase A: water R;
- mobile phase B: acetonitrile Rl;

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent V/JI)

0-4 70 30

4 - 29 70 ..... 30 30 ..... 70

29 - 30 30 ..... 70 70 ..... 30

Action and use
Aromatase inhibitor; treatment of breast carcinoma.

Preparation
Letrozole Tablets

(Ph. Eur. monograph 2334)

285.3 112809-51-5

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 230 nm.
Injection 20 Ill-of test solution (a) and reference
solutions (a) and (b).

Relative retention With reference to letrozole (retention
time = about 13 min): impurity A = about 0.6;
impurity B =about 1.9.

System suitabz7ity Reference solution (a):
- resolution: minimum 5 between the peaks due to

impurity A and letrozole;
- the chromatogram obtained is similar to the

chromatogram supplied with letrozole CRS.
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____________________ PhEur

A. 4,4'-(4H-1 ,2,4-triazol-4-ylmethylene)dibenzonitrile,

PhEur _

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
White or almost white, crystalline 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
Firstidentification: A, B.

Second identification: A, C.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24)

Comparison leucine CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in a 10.3 gIL solution of hydrochloric acidRand
dilute to 50 mL with the same solution.

Reference solution Dissolve 10 mg of leucine CRS in a
10.3 gIL solution of hydrochloric acidR and dilute to 50 mL
with the same solution.

Plate TLC silica gelplate R.

Mobile phase glacial acetic acidR, waterR, butanol R
(20:20:60 V/V/V).

Application 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.

TESTS
Appearance of solution
The solutionis clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, MethodII).
Dissolve 0.5 g in a 103 gIL solution of hydrochloric acidRand
dilute to 1'0 mL with the same solution.

Specific optical rotation (2.2.7)
+ 14.5 to + 16.5 (dried substance).

Dissolve 1.00 g in hydrochloric add R1 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 solutions 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 dilute hydrochloric acidR1 or a sample preparation
buffer suitable for the apparatus used.

61-90-5

CN

131.2

CN

NC

Action and use
Amino acid.

(ph. Bur. monograph 0771)

B. 4,4',4 II -methanetriyltribenzonitrile.

IMPURITIES
Specified impurities A" B.

Leucine

NC~. ('yCN

~
N

( /;
N-N

Limits:
- 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 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: 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)
Maximum 0.3 per cent, determined on 1.000 g. Use a
validated pyridine-free iodosulfurous reagent.

ASSAY
Liquidchroniatography (2.2.29) as described in the test for
related substanceswith the following modifications.

Injection Test solution (b) and reference solution (c).

Systemsuitability.Reference solution (c):
-' symmetry factor: maximum 1.7 for the peak due to

letrozole.

Calculate the percentage content of C17HllNs from the
declared content of letrozole CRS.
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Test solution (a) Dissolve 30.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solution A.

Test solution (b) Dilute 1.0 mL of test solution (a) to
25.0 m.Lwith solution A.

Reference solution (a) Dilute 1.0 m.Lof test solution (a) 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 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
solution A.

Reference solution (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 solution (d) 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 (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 solution 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 amino acids.

System suitabil£ty Reference solution (e):
- resolution: minimum 1.5 between the peaks due to

impurity A and leucine.

Calculation of percentage contents:
- for impurity A in test solution (b), use the concentration

of impurity A in reference solution (b);
- for any ninhydrin-positive substance detected at 570 nm

in test solution (a), use the concentration of leucine in
reference solution (a);

- for any ninhydrin-positive substance detected at 440 nm
in test solution (a), use the concentration of proline in
reference solution (c); if a peak is above the reporting
threshold at both wavelengths, use the result obtained at
570 run for quantification.

Limits:
- impurityA at 570 nm: maximum 0.8 per cent;
- 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 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.

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 acidR and dilute
to 15 mL with distilled waterR.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.

2020

Injection Test solution (a), reference solution (d) and blank
solution.

Limit:
- ammonium at 570 nm: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (d) (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 gin 10 m.Lof 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 waterR and
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 0.100 g in 3 mL of anhydrous formic acidR.
Add 30 m.Lof anhydrous acetic 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 13.12 mg of
C6H13N02 •

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Other detectable impurities (thefollowing substances would, if
present at'a sufficient leoel, bedetected by oneor otherof the tests
in the monograph. They arelimited by the general 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 impuritie~ in substances for
pharmaceutical use) B, C~ D~ E.

A. (2S,3S)-2-amino-3-methylpentanoic acid (isoleucine),

B. (2S)-2-amino-4-(methylsulfanyl)butanoic acid
(methionine),

C. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),

D. (2S)-2-amino-5-methylhexanoic acid (5-methyl
norleucine),
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_____________________ PhEur

TESTS
Specific optical rotation (2.2.7)
-38.0 to -42.0 (anhydrous and acetic acid-free substance).

Dissolve the substance to be examined in a 1 per cent V/V
solution of glacial acetic acidR to obtain a concentration of
10.0 mglrnL.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution (aJ Dissolve the substance to be examined in
the mobile phase to obtain a concentration of 1.0 mglmL.

Test solution (b) Dilute 0.5 mL of test solution (a) to
10.0 mL with the mobile phase.

Reference solution (a) Dissolve leuprorelin CRS in the mobile
phase to obtain a concentration of 1.0 mglmL.

Reference solution (bJ 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 waterR. To 5 mL of the solution add 100~
of 1 M sodium hydroxide and shake vigorously. Heat in an
oven at 100°C for 60 min, cool immediately and add 50 ul,
of dilute phosphoric acidR. Shake vigorously.

Column:
- size: 1= 0.10 m, (2) = 4.6 mrn;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3 urn).

Mobile phase Dissolve about 15.2 g of triethylamine R in
800 mL of waterR, adjust to pH 3.0 with phosphoric acid R
and dilute to 1000 mL with waterR. Add 850 mL of this
solution to 150 mL of a mixture of 2 volumes of propanol R
and 3 volumes of acetonitrile R.
Flow rate 1.0-1.5 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 20 ~ 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;
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 B and leuprorelin.

Limits:
- impurity D: maximum 1.0 per cent;
- impurities A, B;, C: for each impurity, maximum

0.5 per cent;
- unspecified impurities: for each impurity, maximum

0.5 per cent;
- total: maximum 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 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 5.0 per cent.

53714-56-01209

~:
H r His- Trp-Ser- Tyr'D-LeU-Leu-Arg-pro-~/"...CH3

o

E. (2S)-2-amino-3-methylbutanoic acid (valine).

(Ph. Bur. Monograph 1442)

Action and use
Gonadotropin releasing hormone (gonadorelin) analogue;
treatment of prostate cancer.

Preparation
Leuprorelin Injection

DEFINITION
5-0xo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrOsyl-D
leucyl-L-leucyl-L-arginyl-N-ethyl-L-prolinamide.

Synthetic nonapeptide analogue of the hypothalamic 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, white or almost white powder.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs of potassium bromide R.

Comparison Ph. Bur. reference spectrum of leuprorelin.

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 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 one seventh
of the sum of the number of moles of histidine, glutamic
acid, leucine, proline, tyrosine and arginine as equal to 1.
The values fall within the following limits: serine present;
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 other amino acids are present, with the
exception of tryptophan.

Leuprorelin
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Sulfated ash (2.4.14)
Maximum 0.3 per cent.

Bacterial endotoxins (2.6.14;, MethodD)
Less than 16.7 IV/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.

Run time 60 min.

Injection 20 ul, of test solution (b) and reference
solution (b).

Calculate the content ofleuprorelin (C59H8~16012)using
the areas of the peaks and the declared content of
CS9H84N16012 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
proof container.

LABELLING
The label states the mass of peptide in the container.

IMPURITIES
Specified impurities A, B, C, 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 arelimitedby the general acceptance
criterion for otherlunspecified impurities and/orby the general
monograph Substances faT 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) E, F, G, H, I;, J, K

y:
\. S T ............... HH r Hls- Trp -0- er yr-o-Leu-Leu- Arg-Pro-~ C 3

o

A. [4-D-serine]leuprorelin,

y:
H 'r o-His - Trp - Sar- Tyr - O-Leu- Leu- Arg -Pro -~ ...............CH3

o

B. [2-D-histidine]leuprorelin,

y:
H \rHiS - Trp- Ser- Tyr- Leu- Leu- Arg- Pro -~ »<:CH3

o

C. [o-t-leucine] leuprorelin,

o

yH 0:rCH,
H r His-Trp-Ser-Tyr-o-Leu-Leu-Arg- Pre-~ »<:CH3

o

D. [4-( O-acetyl-L-serine)]leuprorelin,

2020

ri: .
yN ...............

H 'rHiS-O-Trp- Ser- Tyr-O-Leu-Leu- Arg-Pro-~ CH3

o

E. [3-D-tryptophane] leuprorelin,

y:
H 'rD-His- Trp- o-ser- Tyr -o-Leu -Leu- Arg- Pro-~»<;CH3

o

F. [2-D-histidine,4-D-serine]leuprorelin,

y:
H \rHiS- Trp-Ser-o-Tyr-D-Leu-Leu- Arg-Pro-~...............CH3

o

G. [5-o-tyrosine] leuprorelin,

y:
H "rHis- Trp- Ser- Tyr - D-Leu- o-Leu- Arg-Pro-~ »<:CH3

o

H. [7-o-1eucine]leuprorelin,

~:
.' »<;

H His- Trp- Ser- Tyr- o-Leu- Leu- Arg-Pro-~ CH3

o

1. [1-(5-oxo-D-proline)[leuprorelin,

~ NH

o l,..,N-{n N HN~
yNH :H CH3

H 'tHiS-Trp-ser- Tyr- D-Leu-Leu- ~ Pro-~)
o 0

J. [8-[5-N-[imino(IH-pyrazol-l-yl)methyl]-L-ornithine]]
leuprorelin,

Y: 9
H " H_ J- »<:fHis-Trp-N U Tyr·D-Leu-LeU-Arg-pro-~ CH3

CH2

K. [4-dehydroalanine]leuprorelin.
_____________________ PhEur
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Levamisole Hydrochloride
(Ph. Bur. monograph 0726)

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

Levamisole Hydrochloride 11-93

40 g/L solution of sodium hydroxide R and dilute to
100 mL with waterR;

- mobile phase B: acetonitrile R;

Time
(min)

0-8

8 - 10

Mobile phase A
(per centV/JI)

90 -+ 30

30

Mobile phase B
(per cent V/Jl)

10 -+ 70

70

PhEur _

DEFINITION
(6S)-6-Phenyl-2,3,S,6-tetrahydroimidazo[2,1-b]thiazole
hydrochloride.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

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

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison levamisole hydrochloride CRS.

C. It gives reaction (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 not more intensely coloured
than reference solution Y7 (2.2.2~ Methodm.
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.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use, protect from light and keep below 25 "C.

Test solution 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 with methanolR.

Reference solution (a) Dissolve 10 mg of levamisole
hydrochloride for system suitability CRS (containing impurities
A, B, C, D and E) in methanolR, add 0.1 mL of concentrated
ammonia R and dilute to 1.0 mL with methanolR.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanolR. Dilute 5.0 mL of this solution to
25.0 mL with methanolR.

Column:
- size: 1= 0.10 m, (2) = 4.6 mm;
- stationary phase: base-deactivated octadecylsiiyl. silica gelfor

chromatography R (3 urn).

i'vlobile phase:
- mobile phaseA: dissolve O.5.g of ammonium dihydrogen

phosphate R in 90 mL of waterR, adjust to pH 6.5 with a

240.8

Action and use
Immunostimulant; antihelminthic.

16595-80-5 Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 215 run.

Equilibration At least 4 min with the mobile phase at the
initial composition.

Injection 10 J.LL.
Identification of impurities Use the chromatogram supplied
with levamisole hydrochloride for systemsuitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D and E.
Relative retention With reference 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.

System suitability:
- the chromatogram obtained with reference solution (a) is

similar to the chromatogram supplied with levamisole
hydrochloride for system suitability GRS;

- symmetry factor. maximum 3.5 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 = 2.0;
impurity B =1.7; impurity C =2.9; impurity D =1.3;
impurity E = 2.7;

- impurities AJ B~ GJ 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);

- 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 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)
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 gin 30 mL of ethanol (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 lH sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 24.08 mg of
CllH13ClNzS.

STORAGE
Protected from light.
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IDENTIFICATION
Carry out either tests A, B or tests B, C.

A. Specific optical rotation (2.2.7): -82 to -76.

Dissolve 0.500 g in materR and dilute to 25.0 mL with the
same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison leaetiraceiam CRS.

C. Enantiomeric purity (see Tests).

TESTS
Appearance ofsolution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2~ Method II).
Dissolve 2.0 g in mater R and dilute to 10.0 mL with the
same solvent.

Enantiomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.

Testsolution 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 rnL of the solution to 20.0 mL with
the mobile phase.

Reference solution (aJ Dissolve 5 mg of the substance to be
examined and 5 mg of leoetiracetam impurity D CRS in the
mobile phase and dilute to 5.0 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 rnL of this
solution to 10.0 mL with. the mobile phase.

Column:
- size: I = 0.25 m, (2) = 4.6 mm;
- stationary phase: cellulose derivative of silica gelfor chiral

separation R (10 J1TIl).

Mobz1e phase 2-propanol R, heptane R (18:82 VIV).

Flow rate 0.8 !DUrnin.

Detection Spectrophotometer at 205 nm.

Injection 20 ~

Run time 1.4 times the retention time of levetiracetam.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity D.
Relatiue retention With reference to levetiracetam (retention
time = about 12- min): impurity D = about 0.8.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity D and levetiracetarn;
- symmetry factor. maximum 2.4 for the peak due to

levetiracetam.

Limit:
- impurityD: maximum 0.8 per cent.
- reporting threshold: 0.10 per cent (reference solution (b)).

Impurity G
Liquid chromatography (2.2.29).

Buffer solution Dissolve 1.22 g of sodium decanesulfonate R in
850 mL of waterfar chromatography R, add 1.3 rnL of
phosphoric add R;J adjust to pH 3.0 with a 200 gIL solution of
potassium hydroxide R and dilute to 1000.0 rnL with waterfor
chromatography R.
Testsolution Dissolve 20 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

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

102767-28-2170.2

(Ph. Bur. monograph 2535)

DEFINITION
(2S)-2-(2-0xopyrrolidin-1-yl)butanamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very soluble in water, soluble in acetonitrile, practically
insoluble in heptane.

PhEur _

E. 1,l'-[(disulfane-l,2-diyl)bis(ethylene)]bis[(4RS)-4
phenylimidazolidin-2-one] .

IMPURITIES
Specified impurities A~ B~ C~ D~ E.

o
H, NH2r S

~NJ and enantiomer

U
A. 3- [(2RS)-2-amino-2-phenylethyl] thiazolidin-2-one,

D. 6-phenyl-2,3-dihydroimidazo[2, 1-b] thiazole,

B. 3-[(E)-2-phenylethenyl]thiazolidin-2-imine,

~~O

c:(\-"" I SH
~ N~ and enantiomer

~I

C. (4RS)-4-phenyl-l-(2-sulfanylethyl)imidazolidin-2-one,

Action and use
Antiepileptic.

Levetiracetam
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A. (2RS)-2-(2-oxopyrrolidin-l-yl)butanoic acid,

9 yCo"H and enantlomer

o ri' '-CH3

Flow rate 0.9 mIJmin.

Detection Spectrophotometer at 205 nm.
Injection 10 ul, of test solution (a) and reference
solutions (a), (b) and (c).

Idendfication of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A and E; use the chromatogram obtained with
reference solution (c) to identify the peak due to impurity C.

Relative retention With reference 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 the peaks due to

impurity E and levetiracetam.

Calculation of percentage contents:
- for impurity C, use the concentration of impurity C in

reference solution (c);
- for impurities other than C, use the concentration of

levetiracetam in reference solution (b).

Limits:
- impurityA: maximum 0.3 per cent;
- impurityC: maximum 250 ppm;
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- total: maximum 0.4 per cent;
- reportingthreshold:·0.03 per cent, except for impurity C.

Water (2.5.32)
Maximum 0.5 per cent, determined on 0.300 g.

Sulfated ash (2.4.14)
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 (d).

Calculate the percentage content of CaH14NzOz taking into
account the assigned content of leuetiracetam CRS.

IMPURITIES
Specified impurities A, C, D, G.
Other detectable impurities (the following substances 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 other/unspecified 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, E.

Reference solution (a) Dissolve 2.0 mg of leoetiracetam
impurity G 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 20.0 mL with the mobile phase.

Reference solution (c) To 1.0 mL of reference solution (a)
add 1.0 mL of the test solution and dilute to 20.0 mL with
the mobile phase.

Column:
- size: l =0.25 m, 0 =4.6 mm;
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 27°C.

Mobile phase acetonitrile R1, buffer solution (15:85 VIV)o
Flow rate 1.0 mIJrnin.

Detection Spectrophotometer at 200 nm.
Injection 50 ul, of the test solution and reference
solutions (b) and (c).

Run .time 5 times the retention time of levetiracetam.

Identification of impurit£es Use the chromatogram obtained
withreference solution (b) to identify the peak due to
impurity G. ...

Reldtive retention With reference to levetiracetam (retention
tim~ = about 4 mili): impurity G = about 3.8.

System suitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

levetiracetam and impurity G.
Calculation of percentage content:
- for impurity G, use the concentration of impurity G in

reference solution (b).

Limit:
- 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 phase A 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.

Reference solution (a) Dissolve 5 mg of levetiracetam
impurityA CRS and 5 mg of levetiracetam' impurityE CRS in
mobile phase A, add 1.0 mL of test 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 leuetiracetam
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 levetiracetam 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: l = 0.15 m, 0 =4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase:
- mobile phaseA: acetonitrile R1, phosphate buffersolution

pH 5.5 R (5:95 V/V);
- mobile phase B: acetonitrile R1;

Time
(min)

0-3

3 - 20

20 - 25

Mobile phase A
(per cent VIV)

100

100 - 71
71

Mobile phase B
(per cent ~IV)

o
0-29

29
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____________________ PhEur

TESTS
Acidity
pH of a 5% w/v solution, 4.5 to 6.5, Appendix V L.

Specific optical rotation
In a 3% w/v solution in methanol, -19.0 to -20.0, calculated
with reference to the dried substance, Appendix V F.

Related substances
Carry out the method for liquidchromatography,
Appendix ill D, using solutions in the mobile phase
containing (1) 0.10% w/v of the substance being examined,
(2) 0.00050% w/v of the substance being examined, (3)
0.0050% w/v of each of levobunolol hydrochloride BPCRS and
atenolol.

The chromatographic procedure described under Assay may
be used.

For solution (1) 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 factorbetween the two principal peaks is at
least 8.

In the chromatogram obtained with solution (1) 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 secondary peaks is
not greater than twice the area of the principal peak in the
chromatogram obtained with solution (2) (1%).

Loss on drying
When dried over phosphorus pentoxide at 110° at a pressure
not exceeding 2 kPa for 4 hours, loses not more than 0.5%
of its weight. Use 1 g.

ASSAY
Carry out the method for liquidchromatography,
Appendix III D, using solutions in the mobile phase
containing (1) 0.01 % w/vof the substance being examined,
(2) 0.01 % w/v of levobunolol hydrochloride BPCRS and (3)
0.0050% w/v of each of levobunolol hydrochloride BPCRS and
atenolol.

The chromatographic procedure may be carried out using
(a) a stainless steel column (25 em x 3.9 mm) packed with
end-capped octylsz1yl silica gelfor chromatography (10 urn)
(lichrosorb RP 8 is suitable), (b) a solution prepared by

27912-14-7 ,mixing 53 volumes of 0.005M sodium heptanesulfonate in
methanolwith 47 volumes of 0.005M sodium heptanesulfonaie
in water containing 1 mL of O.5M sulfuric acid as the mobile
phase with a flow rate of 1 mL per minute and (c) a
detection wavelength of 223 nm.

The test is not valid unless in the chromatogram obtained
with solution (3) the resolution factorbetween the two
principal peaks is at least 8.

Calculate the content of C17H25N03,HCl from the declared
content of C17H25N03,HCl in levobunolol
hydrochloride BPCRS.

STORAGE
Levobunolol Hydrochloride should be protected from light.

,Hel

327.9

f"f':J
~OH

o

~
HOHYV

tBUHN~O

C. pyridin-2-ol,

D. (2R)-2-(2-oxopyrrolidin-l-yl)butanamide ((R)-etiracetarn),

G. (2S)-2-aminobutanamide.

E. (lR)-l-phenylethan-l-amine,

B. (2Z)-2-(2-oxopyrrolidin-l-yl)but-2-enamide,

DEFINITION
Levobunolol Hydrochloride is (S)-5-(3-tert-butylamino-2
hydroxypropoxy)-1,2,3,4-tetrahydronaphthalen-l-one
hydrochloride. It contains not less than 98.5% and not more
than 101.0% of C17HZ5N03,HCl, calculated with reference
to the dried substance.

Action and use
Beta-adrenoceptor antagonist.

Preparation
Levobunolol Eye Drops

Levobunolol Hydrochloride

CHARACTERISTICS
A white or pinkish white, crystalline powder.

Freely soluble in water; sparingly soluble in ethanol (96%).

IDENTIFICATION
A. The infraredabsorption spectrum, Appendix II A, is
concordant with the reference spectrum of levobunolol
hydrochloride (RS 200).

B. Yields the reactions characteristic of chlorides,
Appendix VI.
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L.'VIPURITIES

OH

~
OH~

tBUHN~O

A. 5-(3-tert-butylamino-2-hydroxypropoxy)-1,2,3,4
tetrahydro-1-naphthol

O~NHBut

~OH

OH~
tBUHN~O

s.u.i '-(1.j2,3,4-tetrahydro-1,5-naphthalenedioxy)bis(3-tert
butylamino)-2-propanol

o 0

:·61···r:~ 9J. I I
. # OH Bu' OH ""

O~N~O

C. meso-5,5'- [(3,3'-tert-butylamino)bis(2-hydroxypropoxy)]
bis-3,4-dihydronaphthalen-l (2 H)-one

Levocabastine Hydrochloride
(ph. Bur. monograph 1484)

Levocabastine Hydrochloride 11-97

Comparison levocabastine hydrochloride CRS.

C. Dissolve 50 mg in a mixture of 0.4 rnL of ammonia Rand
2 mL of water R. Mix, allow to stand for 5 min and filter.
Acidify the filtrate with dilute nitric acid R. 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 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 If).

Specific optical rotation (2.2.7)
-106 to -102 (dried substance), determined on solution S.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Test solution Dissolve 50 mg of the substance to be
examined in methanol Rl and dilute to 10.0 mL with the
same solvent.

Reference solution (a) Dissolve the contents of a vial of
levocabastine for system suitabt7ity 1 CRS (containing impurities
A, B, E, J and K) in 1.0 mL of methanol Rl.
Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with methanol Rl. Dilute 1.0 rnL of this solution to
10.0 rnL with methanol Rl.

Column:
- size: l = 0.10 m, (2) = 2.1 rnm;
- stationary phase: end-capped ethylene-bridged phenylstlyl silica

gelfor chromatography (hybrid material) R (1.7 jlII1);

- temperatu!~;J!O~C._--

Mobt7e phase:
- mobile phase A: 17 gIL solution of tetrabutylammonium

hydrogen sulfate R;
- mobile phase B: acetonitrile Rl;

PhEur _

DEFINITION
(3S,4R)-1-[cis-4-Cyano-4-(4-fiuorophenyl)cyc1ohexyl]-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 in methanol,
slightly soluble in ethanol (96 per cent) and in a 2 gIL
solution of sodium hydroxide.

IDfu'JlIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

H CH3

FD<,rY9U 'Hel

NC:)V

457.0

Action and use
Histamine HI receptor antagonist; antihistamine.

79547-78-7

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIP)

0-0.5 95 5

0.5 - 3.5 95 -+ 90 5 .... 10

3.5 - 6.0 90 .... 85 10 .... 15

6.0 - 11.0 85 .... 70 15 .... 30

11.0 - 14.5 70 -+ 20 30 .... 80

14.5 - 15.5 20 80

Flow rate 0.45 mUmin.

Detection Spectrophotometer at 214 nm.
Injection 2.0 ilL.
Identification of impurities Use the chromatogram supplied
with levocabastine for system suitability 1 CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, E, J and K.

Relative retention With reference 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.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 2.9, where Hp =height

above the baseline of the peak due to impurity K and
H; = height above 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
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Flow rate 0.30 mIJrnin.
Detection Spectrophotometer at 214 run.

Injection 2.0 J.tL.
Identification of impurities Use the chromatogram supplied
with levocabastine for system suitability 2 CRS and the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity C.

Relativeretention With reference to levocabastine (retention
time =about 16 min): impurity C =about 0.98.

Systemsuitability Reference solution (a):
- peak-to-valley ratio: minimum 10.0, where Hp = height

above the baseline of 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
levocabastine.

Calculation of percentage content:
- for impurity C, use the concentration of levocabastine in

reference solution (b).

Limit:
- impurity C: maximum 0.3 per cent.

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

in reference solution (b).

Limits:
- impurity E: maximum 0.4 per cent;
- impurity A: maximum 0.2 per cent;
- impurity B: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent;
- reporting threshold: 0.05 per cent.

Impurity C
Liquid chromatography (2.2.29). Carry out the testprotected
from light.
Testsolution Dissolve 50 mg of the substance to be
examined in methanol Rl and dilute to 10.0 mL with the
same solvent.

Reference solution (a) Dissolve the contents of a vial of
levocabastine for system suitability 2 CRS (containing
impurity C) in 1.0 mL of methanol Rl.
Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with methanol Rl. Dilute 1.0 mL of this solution to
10.0 mL with methanol Rl.
Column:
- size: l = 0.15 m, 0 = 2.1 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (1.8 urn);
- temperature: 35°C.

Mobile phase:
- mobile phase A: 17 gIL solution of tetrabutylammonium

hydrogen sulfate R;
- mobile phaseB: acetonitrile Rl;

Q:D~NC
F

ASSAY
Dissolve 0.175 gin 50 mL of ethanol (96 per cent) R,
previously neutralised to phenol redsolution R, and add
5.0 mL of waterR. Carry out a potentiometric titration
(2.2.20), using 0.1 M sodium hydroxide. Read the volume at
the 2n d point of inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 22.85 mg of
CZ6H30CIFNzOz.

STORAGE
Protected from light.

L\'iP1.JRITIES
Specified impurities A, B, C, E.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) D, F, G, H, I, J,K, L.

C. (3S,4R)-1- [cis-4-cyano-4-(3-fluorophenyl) cyclohexyl]-3
metJ.1yl-4-phenylpiperidine-4-carboxylic acid,

B. (3S,4R) -1- [cis-4-cyano-4-(2-fluorophenyl) cyclohexyl]-3
methyl-4-phenylpiperidine-4-carboxylic acid,

A. (3S,4R)-1-( ci5-4-cyano-4-phenylcyc1ohexyl)-3-methyl-4
phenylpiperidine-4-carboxylic 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 in a platinum
crucible.

D. 1-[cis-4-cyano-4-(4-fluorophenyl)cyclohexyl]-4
phenylpiperidine-s-carboxylic acid,

10

10 -+ 20

20 -+ 50

Mobile phase B
(per cent VIJl)

90

90 -+ 80

80 -+ 50

Mobile phase A
(per cent VIJl)

Time
(min)

0-0.5

0.5 - 15.5

15.5 - 20.5
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E. (3S,4R)-I-[trans-4-cyano-4-(4-fiuorophenyl)cyclohexyl]-3
methyl-4-phenylpiperidine-4-carboxylic acid,

F. (3S,4R)-3-methyl-4-phenylpiperidine-4-carboxylic acid,

G:l~ (3S,4R)-I- [czS-4,carbamoyl-4-(4-fiuorophenyl)cyclohexyl]
3-meiliyl-4-phenylpiperidine-4-carboxylic acid,

FY) ,/Yo

~

H. 1-(4-f1.uorophenyl)-4-oxocyclohexanecarbonitrile,

1. (3S,4S)-I- [cis-4-cyano-4-(4-f1.uorophenyl)cyclohexyl] -3
methyl-4-phenylpiperidine-4-carboxylic acid,

J. (3S,4R)-I-[czS-4-cyano-4-(4-fiuorophenyl) cyclohexyl]-4-(3
hydroxyphenyl) -3-methylpiperidine-4-carboxylic acid,

K. 1-[czS-4-cyano-4-(4-fiuorophenyl) cyclohexyl]-3-methyl-4
phenylpyridinium,

Levocarnitine II-99

L. (3S,4R)-I-[czS-4-cyano-4-(4-fluorophenyl)cyclohexyl]-3
methyl-4-phenylpiperidine-4-carboxylic acid I-oxide.

___________________ PhEur

Levocarnitine
(Ph. Bur. monograph 1339)

541-15-1

Action and use
Camitine substitute.

PhEur _

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.

IDENTIFICATION
Firstidentification: A, B.

Secondidentification: A, C.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs, prepared using substance previously dried
in vacuo at 50°C for 5 h.

Comparison levocarnitine CRS.

C. To 1 mL of solution S (see Tests) add 9 mL of water R,
10 mL of dilute sulfuric acidRand 30 mL of ammonium
reineckate solution R. A pink precipitate is formed. Allow to
stand for 30 min. Filter and wash with waterR, with ethanol
(96 per cent) R and then with acetone R and dry at 80°C.
The precipitate melts (2.2.14) at 147°C to 150 0C.

TESTS
Solution S
Dissolve 5.00 g in carbon dioxide-free water R prepared from
distilled waterR and dilute to 50.0 rnL 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)
6.5 to 8.5.

Dilute 10 mL of solution S to 20 rnL with carbon dioxide-free
waterR.
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_____________________ PhEur

59-92-7197.2

(ph. Eur. monograph 0038)

Action and use
Dopamine precursor; treatment of Parkinson's disease.

Preparations
Co-beneldopa Capsules

Co-beneldopa Dispersible Tablets

Levodopa

D. (2EZ)-4-amino-N,~N-trimethyl-4-oxobut-2-en-1

aminium.

ASSAY
Dissolve 0.125 g in a mixture of 3 volumes of anhydrous
formic acidR and 50 volumes of anhydrous acetic 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 16.12 mg
of C7H1sN03'

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A.

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 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) B, C, D.

A. (2EZ)-4-(trimethylazaniumyl)but-2-enoate,

C. (2R)-4-amino-2-hydroxy-N,N,N-trimethyl-4-oxobutan-l
aminium (carnitinamide),

HC
3\+~NH2

H3C-~/\_ II
CH3 H OH 0

B. (lRS,3SR)-1 ,2,2-trimethylcyc1opentane-1,3-dicarboxylic
acid (camphoric acid),

H3C CH3

HOC{jCOH .2 2 and enannomer
H3C'- '-H

Specific optical rotation (2.2.7)
-29.0 to -32.0 (anhydrous substance), determined on
solution S at 25 -c,
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 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 12.5 mg of levocarnitine
impurityA 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
the mobile phase.

Reference solution (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 mID;
- stationary phase: aminopropylmethylsilyl silica gelfor

chromatography R (10 um);
- temperature: 30 "C.

Mobile phase Mix 35 volumes of a 6.81 gIL solution of
potassium dihydrogen phosphateR previously adjusted to
pH 4.7 with dilute sodiumkydroxide solution R, and
65 volumes of acetonitrile RI.

Flow rate 1 mIJmin.

Detection Spectrophotometer at 205 nm.

Injection 25~.

Run time Twice the retention time of levocarnitine.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relativeretention With reference to levocarnitine (retention
time =about 10 min): impurity A =about 1.1.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

levocarnitine and impurity A.

Limits:
- impurity A: not more than 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 than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total (excluding impuniy A): 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).

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 distilled waterR.

Water (2.5.12)
Maximum 1.0 per cent, determined on 2.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.
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Co-beneldopa Prolonged-release Capsules

Co-careldopa Tablets

When L-dopa is prescribed or demanded, Levodopa shall be
dispensed or supplied.

PhEiJr _

DEFINITION
(2S)-2-Amino-3-(3,4-dihydroxyphenyI}propanoic acid.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
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.

IDENfIFICATION
Infrared absorption: spectrophotometry (2.2.24).

Comparison levodopa CRS.

TESTS
Appearance. of solution
Thesolution is not more intensely coloured than reference
solution BY6 (2.2.2, MethodII).
Dissolve 1.0 g in a 103 gIL solution of Jrydrochloric acidRand
dilute to,25 rnL with the same solution.

pH (2.2.3)
4.5 to 7.0.

Shake 0.10 g with 10 rnL of carbon dioxide-free waterR for
15 min.

Related substances
Liquid chromatography (2.2.29). Usefreshly prepared solutions.

SolutionA 10.3 gIL solution of hydrvchloriJ; acidR.

Test solution Dissolve 0.100 g of the substance to be
examined in solution A and dilute to 25 mL with solution A.

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-methoxy-L-t;yrosine R (t-isomer of
impurity C) in 2 mL of the test solution and dilute to 50 mL
with solution A. Dilute 5 mL of this solution to 100 mL with
solution A.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: spherical di-isobutyloctadecylsilyl silica gel

for chromatography R (5 J.UIl) with a pore size of 8 nm.

Mobz7e phase:
- mobile phaseA: 0.1 M phosphate buffer solution

pH 3.0 R;
- mobile phaseB: methanol R, 0.1 M phosphate buffer

solution pH 3.0 R (18:85 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-18 90 10

18 - 22 90 -. 0 10 -. 100

22 - 35 0 100

Flow rate 1 mL/min.

Detection Spectrophotometer at 280 nm.

Levodopa 11-101

Injection 20 ilL.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to

impurities B and C.

Relative retention With reference to levodopa (retention
time = about 6 min): impurity A = about 0.7;
impurity B = about 2; impurity C = about 3.5.

System suitability Reference solution (b):
- resolution: minimum 10 between the peaks due to

levodopa and impurity B.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity B by 2.2;
- impurity B: 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);

- impun'ty A: not more than the area of the principal peak
in the chromatogram obtained with reference solution (a)
(Q.l 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 10 times the area of the principal
peak in 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 with reference solution (a)
(0.03 per cent).

Enantiomeric purity
Liquid chromatography (2.2.29). Use freshly prepared solutions.
Test solution Dissolve 25 mg of the substance to be
examined in the mobile phase and 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 sclution (b) Dissolve 10 mg of ti-dopa R
(impurity D) in 10 mL of the test solution. Dilute 1 mL of
this solution to 100 mL with the mobile phase.

Column:
- size: 1=0.15 m, (2) = 3.9 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (5 J.UIl).

Mobz'le phase Dissolve separately 200 mg of copper acetate R
and 387 mg of N)N-dimethyl-L-phenylalanine R in 250 rnL of
water R; mix the 2 solutions and adjust immediately to
pH 4.0 with acetic add R; add 50 rnL of methanol Rand
dilute to 1000 mL with waterR; mix and filter.

Flow rate 1 mL/min.

Detection Spectrophotometer at 280 nm.

Injection 20 ilL.

Run time Twice the retention time of levodopa.

Relative retention With reference to levodopa (retention
time = about 7 min): impurity D = about 0.4.

System suitability Reference solution (b):
- resolution: minimum 5 between the peaks due to

impurity D and levodopa.
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Action and use
Cough suppressant.

Levodropropizine
(ph. Bur. monograph 1535)

PhEur _

DEFINITION
(2S)-3-(4-Phenylpiperazin-1-yl)propane-1,2-diol.

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

CHARACTERS
Appearance
White or almost white powder.

Solubility
Slightly soluble in water, freely soluble in dilute acetic acid
and in methanol, slightly soluble in ethanol (96 per cent).

IDENfIFICATION
Carry out either tests A, 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 solutionof hydrochloric acidR and
dilute to 50.0 mL with the same acid.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison levodropropizine CRS.
C. Enantiomeric purity (see Tests).

TESTS
pH (2.2.3)
9.2 to 10.2.

Suspend 2.5 g in carbon dioxide-free waterR, heat to dissolve,
cool to room temperature and dilute to 100 mL with the
same solvent. .

Impurity B and 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 50.0 mL with
the mobile phase.

Reference solution (a) Dissolve 25.0 mg of levodropropizine
impurityB CRS in methanol R and dilute to 100.0 mL with
the same solvent. Dilute 1.0 mL of this solution to 100.0 mL
with the mobile phase.

Reference solution (b) Mix 1.0 mL of the test solution with
1.0 mL of reference solution (a).

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.lIIl).

Mobile phase Mix 12 volumes of methanol Rand 88 volumes
of a 6.81 gIL solution of potassium dihydrogen phosphate R
adjusted to pH 3.0 with phosphoric acidR.

Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 254 nm.

Injection 20!JL.

B. (2S)-2-amino-3-(4-hydroxyphenyl)propanoic acid
(tyrosine) ,

Limit:
- impurityD: 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 DC.

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 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perch/oric acid is equivalent to 19.72 mg of
C9HllN04 •

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B~ C~ D.

C. (2RS)-2-amino-3-(4-hydroxy-3-methoxyphenyl)propanoic
acid (3-methoxy-DL-tyrosine),

A. (2S)-2-amino-3-(2,4,S-trihydroxyphenyl)propanoic acid,

D. (2R)-2-amino-3-(3,4-dihydroxyphenyl)propanoic acid (D
dopa).

___________________ PhEur
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Run time Twice the retention time of levodropropizine.

Relative retention With reference to levodropropizine
(retention time =about 7 min): impurity B =about 1.2.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

levodropropizine and impurity B.

Limits:
- impurityB: 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 obtained with reference solution (a)
(0.10 per cent);

- total: not more than 1.2 times the area of the peak due to
impurity B in the chromatogram obtained with reference
solution (a) (0.6 per cent);

- disregard limit: 0.1 times the area of the peak due to
impurity Bin the chromatogram obtained with reference
solutionIa) (0.65 per cent).

Impurity C
Gas chromatography (2.2.28). Prepare thesolutions immediately
before use.

Test solution Dissolve 0.50 g of the substance to be
examined in methylene chloride R and dilute to 2.5 mL with
the same solvent.

Reference solution (a) Dissolve 0.20 g of levodropropizine
impurity CCRS in methylene chloride R and dilute to
100.0 mL with the same solvent. Dilute 0.5 mL of this
solution to 100.0 mL with methylene chloride R.

Reference solution (b) Dissolve 0.50 g of the substance to be
examined in methylene chloride R, add 250 ul, of reference
solution (a) and dilute to 2.5 mL with methylene chloride R.

Column:
- material: fused silica;
- size: 1= 30 m, (2) = 0.53 mm;
- stationary phase: poly{(cyanopropyl) (phenyl)]{dimethyl]

siloxane R (film thickness 3 urn).

Carner gas helium for chromatography R.

Flow rate 2.5 mlJmin.

Split ratio 1:8.

Temperature:
- column: 140 "C;
--'- injection port: 170 "C;
- detector. 250 "C.

Detection Flame ionisation.

Injection 1 ul, of the test solution and reference solution (b).

Use an appropriate split-liner, e.g, consisting of a column
about 1 em long packed with glass wool.

Run time 2.5 times the retention time of impurity C.
System suitability Reference solution (b):
- signal-to-noise ratio: minimum 10 for the peak due to

impurity C.
At the end of a series of tests, heat the column at 250 °C for
4-6 h.

Limit:
- impurity C: not more than 0.5 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (5 ppm).

Enantiomeric purity
Liquid chromatography (2.2.29).

Solvent mixture anhydrous ethanol R, hexane R (40:60 V/V).

Levodropropizine 11-103

Testsolution Dissolve 10.0 mg of the substance to be
examined in 10.0 mL of the solvent mixture. Dilute 1.0 rnL
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
impurityA 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 (c) Dilute 1.0 mL of reference solution (b)
to 50.0 mL with the solvent mixture.

Reference 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 mm;
- stationary phase: silica gel OD for chiral separations R.

J.Wobile phase diethylamine R, anhydrous ethanolR, hexane R
(0.2:5:95 V/V/V).

Flow rate 0.8 mlJmin.

Detection Spectrophotometer at 254 nm.

Injection 20 jlL of the test solution and reference
solutions (a), (c) and (d).

Elution order Impurity A, levodropropizine.

System suitabzlity:
- retention times: the retention times of the principal peaks in

the chromatograms obtained with the test solution and
reference solution (a) are similar;

- resolution: minimum 1.3 between the peaks due to
impurity A and levodropropizine in the chromatogram
obtained with reference solution (d).

Limit: _
- impurityA: not more than 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
vacuo at 60 °C over diphosphorus pentoxide R at a pressure of
0.15-0.25 kPa for 4 h.

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

ASSAY
Dissolve 0.100 gin 50 mL of anhydrous acetic acidR. Carry
out a potentiometric titration (2.2.20), using 0.1 M perchloric
acid. Read the volume added at the 2nd point of inflexion.

1 mL of 0.1 M perchloric acid is equivalent to 11.82 mg of
C13HzoNzOz.

STORAGE
Protected from light.

1J.\1PURITIES
Specified impurities A, B, C.

A. (2K)-3-(4-phenylpiperazin-l-yl)propane-l ,2-diol
(dextrodropropizine),
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Buffer solution Solution containing 1.25 gIL of copper sulfate
pentahydrate R, 1.3 gIL of isoleucine Rand 8.5 gIL of
ammonium acetate R in waterfor chromatography 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.

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 the contents of a vial of
levofioxacin for system suitability CRS (containing
impurities A, B and G) in 1 mL of the mobile phase.

Column:
- size: l =0.25 m, 0 =4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 Jl1TI);
- temperature: 45 "C.

Mobz1e phase methanol R, buffer solution (30:70 V/V).
Flow rate 0.8 mIJmin.

Detection Spectrophotometer at 360 nm.

Injection 25 J.1L.
Run time 3 times the retention time of levofloxacin.

Identification of impurities Use the chromatogram supplied
with leoofloxacin for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band G.

Relativeretention With reference to levofloxacin (retention
time = about 20 min): impurity B = about 0.50;
impurity G = about 0.56; impurity A = about 1.22.

System suitability Reference solutionjb):
- resolution: minimum I .5 between the peaks due to

impurities B and G.

Calculation ofpercentage contents:
- correction factor. multiply the peak area of impurity B

by 1.3;
- for each impurity, use the concentration of levofloxacin

hemihydrate 111 reference solution (a).

Limits:
- impurity A: maximum 0.5 per cent;
- impurity B: 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.

Impurity F
Liquid chromatography (2.2.29) as described in the test for
related substances 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 mL with
the mobile phase.

Reference solution (a) Dissolve 5.0 mg of leoofloxacin
impurityF 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 25.0 mL with the mobile phase.

Reference solution (c) Dilute 4 mL of reference solution (a)
to 10 mL with the mobile phase. Dilute 1 mL of this
solution to 10 mL with the test solution.

Mobile phase methanol R, buffer solution (50:50 V/V).
Detection Spectrophotometer at 320 nm.

Injection Test solution and reference solutions (b) and (c).

138199-71-0370.4

Action and use
Fluoroquinolone antibacterial.

PhEur _

r NH

(l(N~o

(Ph. Eur. monograph 2598)

6><'OH and enantiomer

Levofloxacin Hemihydrate

B. 1-phenylpiperazine,

C. [(2RS)-oxiran-2-yl]methanol (glycidol).

DEFINITION
(3S)-9-fluoro-3-mennyl-10-(4-methylpiperazll1-l-yD-7-oxo
2,3-dihydro-7H-pyrido [1,2,3-de] [1,4]benzoxazll1e-6
carboxylic acid hemihydrate.

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

CHARACTERS
Appearance
Light yellowish-white or light yellow, crystalline powder.

Solubility
Sparingly soluble in water, freely soluble 111 acetic acid,
sparingly soluble in methanol, slightly soluble 111 anhydrous
ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison leoofioxacin hemihydrate 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 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
than reference solution GY3 (2.2.2, Method11).

Dissolve 0.100 g in waterR and dilute to 10 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).
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Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to

impurity F.

Relativeretention With reference to levofioxacin (retention
time = about 6 min): impurity F = about 1.8.

System suitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

levofioxacin and impurity F.

Calculation of percentage content:
- for impurity F, use the concentration of impurity F in

reference solution (b).

Limit:
- impun"ty F: maximum O.Z per cent.

Water (2.5.12)
Z.O per cent to 3.0 per cent, determined on 0.500 g using a
mixture of equal volumes offormamide R and methanol R as
solvent.

Sulfated ash, (2.4.14)
Maximum 0.1 per 'cent, determined on1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.300 gin 100 mL of anhydrous acetic acidR.
Titrate with 0.1 Mperchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 36.14 mg of
ClsHzoFN304.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, F.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They are limited by thegeneral 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 for pharmaceutical use) C, D, E, G, H, 1.

A. (3R)-9-fluoro-3-methyl-I0-(4-methylpiperazin-I-yl)-7-oxo
Z,3-dihydro-7H-pyrido[1,Z,3-de] [I,4]benzoxazine-6
carboxylic acid (enantiomer of levofloxacin),

B. (3S)-9-fiuoro-3-methyl-7-oxo-lO-(piperazin-l-yl)-Z ,3
dihydro-7H-pyrido[1,Z,3-de] [I,4]benzoxazine-6-carboxylic
acid,

Levofloxacin Hemihydrate 11-105

C. 4-[ (3S)-6-carboxy-9-fiuoro-3-methyl-7-oxo-Z,3-dihydro
7H-pyrido[I,Z,3-de] [I,4]benzoxazin-IO-yl]-I
methylpiperazine l-oxide,

D. (3S)-3-methyl-IO-(4-methylpiperazin-I-yl)-7-oxo-Z,3
dihydro-7H-pyrido [1,Z,3-de] [1,4]benzoxazine-6-carboxylic
acid,

HaC... HNl O~-CH3

~N=C¢'N
~I I

F

o

E. (3S)-9-fluoro-3-methyl-I0-(4-methylpiperazin-I-yl)-Z,3
dihydro-7H-pyrido[I,Z,3-de] [I,4]benzoxazin-7-one,

F. (3S)-9,IO-difluoro-3-methyl-7-oxo-Z,3
c-dihydro-7H-pyrido

[I,Z,3-de] [I,4]benzoxazine-6-carboxylic acid,

Ci. (3S)-9-fiuoro-3-methyl-IO-[[Z-(methylamino)
ethyl]amino ]-7-oxo-Z,3-dihydro-7H-pyrido [1,Z,3-de]
[1,4]benzoxazine-6-carboxylic acid,

H. ethyl (3S)-9-fiuoro-3-methyl-I0-(4-methylpiperazin-l-yl)
7-oxo-Z,3-dihydro-7H-pyrido [1,Z,3-de] [1,4]benzoxazine-6
carboxylate,
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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 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 gin 0.5 mL of anhydrous pyridine R.
Add 3 mL of a 150 gIL solution of dinitrobenzoyl chloride R in
anhydrous pyridine R. Heat on a water-bath for 10 min.
Add 7.0 mL of waterR in small quantities with stirring 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
waterR, recrystallise from 10 mL of acetone R, wash with
iced acetone R and dry at 75°C at a pressure not exceeding
2.7 kPa for 30 min. The crystals melt (2.2.14) at 154°C to
157 -c.
TESTS
Solution S
Dissolve 2.50 g in 10 mL of ethanol (96 per cent) R 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 II).

Acidity or alkalinity
Dissolve 1.0 g in ethanol (96 per cent) R and dilute to 10 mL
with the same 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 rotation (2.2.7)
-48 to -51, determined on solution S.

Related substances
Gas chromatography (2.2.28).

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 examined and 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 test solution (a) to
100.0 mL with methylene chloride R.
Reference solution (c) Dissolve 40.0 mg of menthol CRS in
methylene chloride R and dilute to 100.0 mL with the same
solvent.

Column:
- material: glass;
- size: I =2.0 m, 0 =2 nun;
- stationary phase: diatomaceous earth for gas

chromatography R impregnated with 15 per cent mlm of
macrogol 1500 R.

Carrier gas nitrogen for chromatography R.

Flow rate 30 mlJrnin.
Temperature:
- column: 120°C;
- injection port: 150 °C;
- detector: 200°C.

2216-51-5156.3

(ph. Bur. monograph 0619)

Action and use
Decongestant.

Preparations
Levomenthol Cream

Menthol and Benzoin Inhalation

DEFINITION
(IR,2S,5R)-5-Methyl-2-( l-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 fatty
oils and in liquid paraffin, very slightly soluble in glycerol.

mp
About 43°C.

IDENTIFICATION
First identification: A., C.

Secondidentification: B., D.
A. Specific optical rotation (see Tests).

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in methanol R and dilute to 5 mL with 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.

Mobilephase ethylacetate R, toluene R (5:95 VIV).

Application 2 IlL.
Development Over a path of 15 em.

Drying In air, until the solvents have evaporated.

Detection Spray with anisaldehyde solution R and heat at
100-105 -c for 5-10 min.

I. (3S)-1O-fluoro-3-methyl-9-(4-methylpiperazin-l-yl)-7-oxo
2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6
carboxylic acid.

Levomenthol
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B. It complies with the identification test for phenothiazines
by thin-layer chromatography (2.3.3): use leuomepromazine
hydrochloride CRS to prepare the reference solution.

C. Introduce 0.2 g into a 100 mL separating funnel.
Add 5 mL of water R and 0.5 mL of strong sodium hydroxide
solution R. Shake vigorously with two quantities, each of
10 mL, of ether R. Combine the ether layers, dry over
anhydrous sodium sulfate R and evaporate to dryness. Keep the
residue at 100°C to 105°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. It gives reaction (b) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free waterR and dilute to
25.0 mLwith the same solvent.

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of bromocresol green
solution R. Not more than 0.5 mL of 0.01 M sodium hydroxide
or 1.0 mL of 0.01 M hydrochloric acidis required to change
the colour of the indicator.

Specific optical rotation (2.2.7)
+ 9.5 to + 11.5, determined on solution S and calculated
with reference to the dried substance.

Related substances
Carry out the testprotected from bright light Examine by thin
layer chromatography (2.2.27), using silica gelGF254 R as the
coating substance.

Testsolution 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 0.5 mL of the test solution to
100 mL with a mixture of 5 volumes of diethylamine Rand
95 volumes of methanol R.
Apply separately to the plate 10 ul, of each solution. Develop
over a path of 15 cm using a mixture of 10 volumes of
acetone R, 10 volumes of diethylamine R and 80 volumes of
cyclohexane R. Allow the plate to dry in air and 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 1.0 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 0.300 ginS mL of water R and add 50 mL of
21Jropanol 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 36.49 mg of
C19HzsCINzOS.

STORAGE
Store in an airtight container, protected from light.

1236-99-3

• Hel

364.9

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Levomepromazine Injection

(Ph. Bur. monograph 0505)

DEFINITION
Levomepromazine hydrochloride contains not less than
98.5 per cent and not more than the equivalent of
101.0 per cent of (2R)-3-(2-methoxy-1OH-phenothiazin- 10
yl)-N,N,2-trimethylpropan-1-amine hydrochloride, calculated
with reference to the dried substance.

CHARACTERS
A white or very slightly yellow, crystalline powder,slightly
hygroscopic, freely soluble in water and in alcohol.
It deteriorates when exposed to air and light. It exists in two
forms, one melting at about 142°C and the other at about
162 °C.

IDENfIFICATION
A. Prepare the solution protected from bright lightand carry out
the measurements immediately. Dissolve 50.0 mg in waterR
and dilute to 500.0 mL with the same solvent. Dilute
10.0 mL of this solution to 100.0 mL with water R.
Examined between 230 nm and 340 nm (2.2.25), the
solution shows two absorption maxima, at 250 nm and
302 nm. The specific absorbance at the maximum at 250 om
is 640 to 700.

Detection Flame ionisation.

Injection 1 IlL.
Run time Twice the retention time of menthol.

System suitabz1ity:
- resolution: minimum 1.4 between the peaks due to

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 forI h.The residue weighs not more than
1.0 mg. .d.

Levomeproniazine Hydrochloride
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PhEur _

Levomepromazine Maleate

A. 2-methoxyphenothiazine,

TESTS
pH (2.2.3)
Cany out the test. protected from brigh: light Introduce 0.50 g
into a conical flask and add 25.0 mL of carbon dioxide-free
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 dimethylformamide R and dilute to 25.0 mL
with the same solvent. The specific optical rotation is -7.0 to
-8.5, calculated with reference to the dried substance.

Related substances
Carry out the testprotected from bright lightand prepare the
solutions immediately before use Examine by thin-layer
chromatography (2.2.27), using silica gel GF254 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 Rand
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 water R and
90 volumes of acetone R.

Apply separately to the plate 10 ul, of each solution. Develop
over a path of 15 em using a mixture of 10 volumes of
acetone R, 10 volumes of diethylamine R and 80 volumes of
cyclohexane R. Allow the plate to dry in air and 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 thanO.§-percent, 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 perchloric add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 44.46 mg of
C2~2sN205S,

STORAGE
Store protected from light.

ThIPURITIES

7104-38-3444.6

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Levomepromazine Tablets

(Ph. Bur. monograph 0925)

DEFINITION
Levomepromazine maleate contains not less than
98.5 per cent and not more than the equivalent of
101.0 per cent of (2R)-3-(2-methoxy-10H-phenothiazin-10
yl)-N,N,2-trimethylpropan-1-arnine (Z)-butenedioate,
calculated with reference to the dried substance.

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
First identification: A J B:
Second identification: A J C, D.

A. Specific optical rotation (see Tests).

B. Examine by infrared absorption spectrophotometry
(2.2.24)J comparing with the spectrum obtained with
levomepromazine maleate CRS. Examine the substances
prepared as discs.

C. Identification test for phenothiazines by thin-layer
chromatography (2.3.3): use levomepromazine maleate CRS to
prepare the reference solution.

D. Examine by thin-layer chromatography (2.2.27), using
silica gelGF254 R as the coating 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 acetone R and dilute to 10 mL with the same
mixture of solvents.

Reference solution Dissolve 50 mg of maleic add CRS in a
mixture of 10 volumes of waterRand 90 volumes of
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 ul,
of each solution. Develop over a path of 12 cm using a
mixture of 3 volumes of uxaerR, 7 volumes of anhydrous
formic acidR and 90 volumes of di-isopropyl ether R. Dry the
plate at 120°C for 10 min and examine in ultraviolet light at
254 nm. The chromatogram obtained with the test solution
shows a zone at the point of application and another zone
similar in position and size to the principal zone in the
chromatogram obtained with the reference solution.
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PhEur _

____________________ PhEur

The solution is yellow. Add 0.4 mL of 0.01 M hydrochloric
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 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
50.0 mL with the mobile phase. Dilute 1.0 mL of the
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 12.0 mg of imipramine
hydrochloride CRS in the mobile phase and dilute to 10 mL
with the mobile phase. To 1 mL of the solution add 5 mL of
the test solution and dilute to 10 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.6 mID;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.lID);
- temperature: 25 "C.

Mobile phase Mix 35 volumes of acetonitrile Rand
65 volumes of an 11.5 gIL solution of phosphoric acidR
adjusted to pH 3.6 with tetraethylammonium hydroxide
solution R.
Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 210 nm.
Equilibraiion About 30 min.

Injection 1a~.
Run time 7 times the retention time of levomethadone.

Retention time--Levornethadcne -; about 5 min.

System suitabz7ity Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

imipramine and levomethadone.

Limits:
- any impurity: not more than 0.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.1 per 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 limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Dextromethadone
Liquid chromatography (2.2.29).

Test solution Dissolve 40.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

Reference solution 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.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: 2-hydroxypropylbetadex for

chromatography R (5 urn);
- temperature: 10 0 C.

Mobile phase Mix 1 volume of triethylamine R adjusted to
pH 4.0 with phosphoric acidR, 15 volumes of acetonitrile R
and 85 volumes of a 13.6 gIL solution of potassium dihydrogen
phosphate R.
Flow rate 0.7 mIJmin.

5967-73-7

• Hel

345.9

DEFINITION
(6R)-6-CDimethylamino)-4,4-diphenylheptan-3-one
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 ethanol (96 per cent).

IDENTIFICATION
First identification: A, C, D.

Secondidentification: A, B~ D.
A. Specific optical rotation (see Tests).

B. Melting point (2.2.14): 239 -c to 242 -c.
C. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of methadone
hydrochloride.
D. Dilute 1 mL of solution S (see Tests) to 5 mL with
waterR and add 1 mL of dilute ammoniaR1. Mix, allow to
stand for 5 min and filter. The filtrate gives reaction (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 mL with carbon dioxide-free
waterR. To 10 mL of the solution add 0.2 mL of methyl red
solution Rand 0.2 mL of O.Oll"'! sodium hydroxide.

(ph. Bur. monograph 1787)

Action and use
Opioid analgesic,

B. 10- [(2R)-3-(dimethylamino)-2-methylpropyl]-2-methoxy
lOR-phenothiazine 5-oxide.

Levomethadone Hydrochloride
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Detection Spectrophotometer at 210 nm.

Equilibration About 30 min.

Injection 10 ~.

Relative retention With. reference to levomethadone:
dextromethadone = about 1.4.
System suitabzlity Test solution:
- number of theoretical plates: minimum 2000, calculated for

the peak due to levomethadone;
- tailing factor: maximum 3 for the peak due to

levomethadone.

Limit:
- dextromethadone: not more than the area of the principal

peak in 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 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 40 mL of waterRand 5 mL
of acetic acidR. Titrate with 0.1 M silver nitrate. Determine
the end-point potentiometrically (2.2.20), using a silver
electrode.

1 mL of 0.1 M silvern£trate is equivalent to 34.59 mg of
Cz1HzsClNO.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B~ C~ D~ E, F.

w
H:Jc .... ~.~.::

- H

\. . CH3, '0
~

2020

and enantiomer

D. (5RS)-6-( dimethylamino)-5-methyl-4,4-diphenylhexan-3
one,

~
: CN

I~
#

E. diphenylacetonitrile,

F. (25)-2-[[(4-methylphenyl)sulfonyl] amino]pentanedioic
acid (N-p-tosyl-L-glutamic acid).

____________________ PhEur

Levonorgestrel
(Ph. Eur. monograph 0926)

CH

~
H3C . .f! OH

H H

H H
o #

A. (65)-6-(dimethylaminoj-a.d-diphenylheptan-3-one,
312.5 797-63-7

B. (4RS)-4-(dimethylamino)-2,2-diphenylpentanenitrile,

C. (3RS)-4-(dimethylamino)-3-methyl-2,2
diphenylbutanenitrile,

andenantiomer

andenanticmer

Action and use
Progestogen.

Preparations
Levonorgestrel Tablets

Levonorgestrel and Ethinylestradiol Tablets

PhEur _

DEFINITION
13-Ethyl-17-hydroxy-18,19-dinor-17cx-pregn-4-en-20-yn-3
one.

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, 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).
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Flow rate 0.7 mIJmin.
Detection Spectrophotometer at 215 nm and, for
impurity 0, at 200 nm.

Injection 50 J.!L.
Identification of impurities Use the chromatograms supplied
with levonorgestrel for system suitability 1 CRS and the
chromatograms obtained with reference solution (a) at
215 nm to identify the peaks due to impurities A, H, K, M
and S, and at 200 nm to identify the peak due to
impurity 0; 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 U.

Relativeretention With reference to levonorgestrel (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.

Comparison levonorgestrel CRS.

TESTS
Specific optical rotation (2.2.7)
-35 to -30.

Dissolve 0.200 g in methylene chloride R and dilute to
20.0 m.Lwith the same solvent.

Related substances
A.lmpurities A, B, H, K, M, 0, S, U. Liquid
chromatography (2.2.29).

Solvent mixture waterfor chromatography R, acetonitrile Rl
(30:70 VIV).

Test solution Dissolve 10.0 mg of the substance to be
examined in 7 mL of acetonitrile Rl using sonication and
dilute to 10.0 mL with water for chromatography R.
Reference solution (a) DissolveS mg of leuonorgestrel for
system suitability 1 CRS (containing impurities A, H, K, M, 0
and S) in 3.5 mL of acetonitrile Rl using sonication and
dilute to 5.0 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
solution to 10.0 mL with the solvent mixture.

Reference solution lcY Dissolve 5.0 mg of levonorgestrel
imP!'ritylJ CRS in:35 mL of acetonitrile Rl and dilute to

.. 50.0 m.Lwith waterfor chromatography R. Dilute 1.0 mL of
the solution to 100.0 mL with the solvent mixture.

Reference solution (d) Dissolve 5.0 mg of norethisterone CRS
(impurity U) in 35 mL of acetonitrile Rl and dilute to
50.0 m.Lwith waterfor chromatography R. Dilute 1.0 mL of
the solution to 100.0 mL with the solvent mixture.

Column:
- size: 1=0.25 m, 0 = 4.6 mID;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography withpolar incorporated groups R (5 urn);
- temperature: 30 "C.

Mobile phase:
- mobile phaseA: acetonitrile Rl, waterfor

chromatography R (40:60 VIV);
- mobile phaseB: acetonitrile Rl;

Time
(min)

0-50

Mobile phase A
(per cent VIP)

100 -+ 20

Mobile phase B
(per cent VIJI)

0-+80

System suitabiluy:
- signal-to-noise ratio: minimum 60 for the principal peak

in the chromatogram obtained with reference
solution (b);

- peak-to-valley ratio: minimum 3.0, where Hp =height
above the baseline of the peak due to impurity M and
H; =height above the baseline of the lowest point of
the curve separating this peak from the peak due to
impurity A in the chromatogram obtained with
reference solution (a).

Calculation ofpercentage contents:
- correction factors: multiply the peak areas of the

following impurities by the corresponding correction
factor: impurity A =0.4; impurity M =3.1;
impurity 0 = 2.6;

- for impurity B, 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 than B and U, use the
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;
- impurities M, S, U: for each impurity, maximum

0.2 per cent;
- impurity H: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- sum of impurities otherthan 0: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

B. Impurities V and W. Liquid chromatography (2.2.29).

Solvent mixture waterfor chromatography R, acetonitrile Rl
(30:70 VIV).

Test solution Dissolve 10.0 mg of the substance to be
examined in 7 mL of acetonitrile Rl using sonication and
dilute to 10.0 mL with waterfor chromatography R.
Reference solution (a) Dissolve 5 mg of leuonorgestrel for
system suitability 2 CRS (containing impurities V andW) in
3.5 mL of acetonitrile Rl using sonication and dilute to
5.0 mL with waterfor chromatography R.

.Reference solution (b) Dissolve 5.0 mg of ethinylestradiol CRS
in 35 mL of acetonitrile Rl using sonication and dilute to
50.0 mL with waterfor chromatography R. Dilute 3.0 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 octadecylsilyl silica gelfor

chromatography R (3 urn).

Mobile phase:
- mobile phase A: acetonitrile Rl, waterfor

chromatography R (40:60VIV);
- mobile phase B: waterfor chromatography R,

acetonitrile Rl (10:90 VIV);

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent ViJ")

0-1 92 8

1 - 3 92 -+ 82 8 ~ 18

3-6 82 18

6 - 16 82 ~ 60 18 -> 40

16 - 21 60 -> 0 40 -'0 100

21 - 32 0 100
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C. 13-ethyl-3-ethynyl-18,19-dinor-17a-pregna-3,5-dien-20
yn-17-o1,

CH

l
OH

o

dW
H3C r

OH
H

I ~ ~
o

ctBV
H3C

l.H
• OH

H· H

H H
#

CH

~
H3C l

OH
OH H

H H
o #

o
HO H

B. 13-ethyl-17-hydroxy-18,19-dinor-17a-pregn-5(10)-en-20
yn-3-one,

G. 13-ethyl-6ct,17-dihydroxy-18,19-dinor-17ct-pregn-4-en-20
yn-3-one (6ct-hydroxylevonorgestrel),

H. 13-ethyl-6~,17-dihydroxy-18,19-dinor-17ct-pregn-4-en-20
yn-3-one (6~-hydroxylevonorgestrel),

D. 13-ethyl-18,19-dinor-17a-pregn-4-en-20-yn-17-o1
(3-deoxolevonorgestrel),

A. 13-ethyl-17-hydroxy-18,19-dinor-17a-pregna-4,8(14)
dien- 20-yn-3-one,

Flow rate 1 mIJrnin.
Detection Spectrophotometer at 200 nm.

Injection 50~.

Identification of impurities Use the chromatogram supplied
with levonorgestrel for system suitability 2 CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities V and W.

Relative retention With reference to levonorgestrel (retention
time = about 12 min): impurity W = about 0.9;
impurity V =about 1.9.

Systemsuitability Reference solution (a):
- resolution: minimum 2.8 between the peaks due to

impurity W and levonorgestrel.

Calculation ofpercentage contents:
- for each impurity, use the concentration of

ethinylestradiol in reference solution (b).

Limits:
- impurity W: maximum 0.3 per cent;
- impun'ty 17: 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 gin 45 mL of tetrahydrofuran R. Add 10 mL
of a 100 gIL solution of stIver 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.

1 mL of 0.1 M sodium hydroxide is equivalent to 31.25 mg of
C21H2S02.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A J BJ HJ KJ M, 0, SJ UJ V, w:
Other detectable impurities (the following substances uiould, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limitedby 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) CJ DJ GJ IJ J, LJ N J PJ

Q, RJ T.

1. 13-ethyl-10,17-dihydroxy-18,19-dinor-17ct-pregn-4-en-20
yn- 3-one (1O-hydroxylevonorgestrel),
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CH

l
OH

o
o

J. 13-ethyl-17-hydroxy-l 8, I9-dinor-I7ct-pregn-4-en-20-yne
3,6-dione (6-oxolevonorgestrel),

~
Hac . r. OH

H H

H H
o .#

le. 13-ethy~I7~-hydroxygon-4-en-3-one (18
methylnandrolone),

L. 13-ethylgon-4-ene-3,17-dione (levodione),

CH

~
Hac l

OH
H H

H H
·0 .# #

M.13-ethyl-17-hydroxy-l8,19-dinor-17ct-pregna-4,6-dien-20
yn- 3-one (~6-levonorgestrel),

~
;H': i 0

I H H
o

N. 13-ethylgon-S(lO)-ene-3,17-dione (~S(lO)-levodione),

CH

rlBP
Hac l

OH
H H .

! !
H H

o i
OCHa

C>. 13-ethy~I7-hydroxy-Sct-Dlethoxy-18,19-dinor-I7ct-pregn
20-yn-3-one (4,S-dihydro-Sct-methoxylevonorgestrel),

~
Hac r

OH
H H

H H
o ~

P. I3-ethyl-17-hydroxy-l 8,19-dinor-17o-pregn-d-en-20-yn-3
one (~5-1evonorgestrel),

Levonorgestrel 11-113

DdW
H3C

:H
OH

H

I I ~ ~
H3CO

Q. 13-ethyl-3-Dlethoxygona-2,S(10)-dien-I7~-ol,

R. I3-ethyl-3-Dlethoxygona-2,S(10)-dien-17-one,

rlBP
Hac

. rOH
H H

H H
HaCO ~ ~

S. 13-ethyl-3-methoxy-18,19-dinor-17et-pregna-3,S-dien-20
yn-17-ol,

DdW
H3c flH

OH
H

I I ~ ~
HaCO

T. 13-ethyl-3-methoxy-18,I9-dinor-17et-pregna-2,S(10)-dien
20-yn-17-ol,

CH

£±fW
GH' f OH

H H .--.

H H
o #

U.17-hydroxy-19-nor-17ct-pregn-4-en-20-yn-3-one
(norethisterone),

V. 13-ethyl-3-Dlethoxy-18,19-dinor-17ct-pregna-l,3,S(10)
trien-20-yn-17-ol,

CH

a5P
H3C l

OH

~ :
I H

o ~

W.13-ethyl-17-hydroxy-l 8, I9-dinor-l7«-pregna-S,7,9-trien
20-yn-3-one.

___________________ PhEur
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PhEur _

Levothyroxine Sodium

DEFINITION
Sodium (2S)-2-amino-3-[4-(4-hydroxy-3,5-diiodophenoxy)
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, slightlysoluble in ethanol
(96 per cent). It dissolves in dilute solutions of alkali
hydroxides.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison levothyroxine sodium CRS.
B. To 200 mg add 2 mL of dilute sulfuric acidR. Heat on a

water-bath and then carefully over a naked flame, increasing
the temperature gradually up to 600 ± 50 "C. Continue the
ignitionuntil most of the black particles have disappeared.
Dissolve the' residue in 2 mL of water R. The solution gives
reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.500 gin 23 mL of a gently boiling mixture of
1 volume of 1 M hydrochloric acidand 4 volumes of ethanol
(96 per cent) R. Cool and dilute to 25.0 mL with the same
mixture of solvents.

Appearance of solution
Freshly prepared solution S 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 freshly
prepared solution S.

Related substances
Liquid chromatography (2.2.29). Cany out the testprotected
from light.
Solventmixture Mobile phase A, ethanol (96 per cent) R
(1:2 VlV).

Testsolution Dissolve 25.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-10 70 30

10 - 40 70 -> 20 30 -> 80

40 - 50 20 80

Flow rate 1 mIJmin.
Detection Spectrophotometer at 225 nm.

Injection 25 J!L of the test solution and reference
solutions (a), (b) and (d).

Identification of impurities Use the chromatogram supplied
with levothyroxine for peak identification CRSand 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 miri): 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:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (1.0 per cent);

- 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 per cent);

- impurity G: not more than 3 times the area of the peak
due to levothyroxine in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- unspecified impurities: for each impurity, not more than
twice the area of the peak due to levothyroxine in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

----: total: maximum 2.0 per cent;
- disregard limit: 0.5 times the area of the peak due to

levothyroxine in the chromatogram obtained with
reference solution (b) (0.05 per cent).

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 leoothyroxine
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 solution (b) Dilute 1.0 mLof reference solution (a)
to 10.0 mL with the solvent mixture.
Reference solution (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 solution to
25.0 mL with the solvent mixture.

Reference solution (d) Dissolve 2.0 mg of levothyroxinefor
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, (2) = 4.0 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 J.lIIl).

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 phase B: dissolve 1.97 g of phosphoric acidR in

acetonitrile R1 and dilute to 2 L with the same solvent;

25416-65-3

(ph. Eur. Monograph 0401)

ClsHlOLtNN"a04.1xHzO (x ;:::j 5) 799
(anhydroussubstance)

Action and use
Thyroid hormone replacement.

Preparations
Levothyroxine Oral Solution

Levothyroxine Tablets
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The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

Water (2.5.32)
6.0 per cent to 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.

Injection Test solution and reference solution (c).

Calculate the percentage content of C15HlOI~a04 taking
into account the assigned content of levothyroxine
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 (thefollowing substances would, if
present at.a sufficient level, be detected by oneor otherof the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to identify these impurities for demonstration of
compliance. See also ~.1O. Control of impurities in substances for
pharmaceutical use)B, C, D, E, H, L·J, K

A. (2S)-2-amino-3- [4-(4-hydroxy-3-iodophenoxy)-3,5
diiodophenyl]propanoic acid (liothyronine),

B. (2S)-2-amino-3-[4-(3-chloro-4-hydroxy-5-iodophenoxy)
3,5-diiodophenyl]propanoic acid,

C. [4-(4-hydroxy-3-iodophenoxy)-3,5-diiodophenyl] acetic
acid (triiodothyroacetic acid),

Lidocaine 11-115

E. (2S)-2-amino-3-[4-(4-hydroxyphenoxy)-3,S
diiodophenyl] propanoic acid (diiodothyronine),

F. (2S)-2-amino-3-[4-[4-(4-hydroxy-3,5-diiodophenoxy)-3,5
diiodophenoxy]-3,5-diiodophenyl]propanoic acid,

G. unknown structure,

H. 4-(4-hydroxy-3,S-diiodophenoxy)-3,S-diiodobenzoic acid,

I

'yyOA
HO~ ,MOHO

I

1. 4-(4-hydroxy-3,S-diiodophenoxy)-3,5-diiodobenzaldehyde,

I

H~x:(fu::'H
J. (2S)-2-amino-3-[4-(4-hydroxy-3-iodophenoxy)-3

iodophenyl]propanoic acid,

K. (2S)-2-amino-3-[4-(4-hydroxy-3,5-diiodophenoxy)-3
iodophenyl] propanoic acid.

____________________ PhEur

Lidocaine
(Ph. Bur. lvlonograph 0727)

D. [4-(4-hydroxy-3,5-diiodophenoxy)-3,S-diiodophenyl] acetic
acid (tetraiodothyroacetic acid),

234.3 137-58-6

Action and use
Local anaesthetic; Class I antiarrhythmic.

Preparation
Lidocaine Ointment

www.webofpharma.com
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PhEur _

DEFINITION
2-(Diethylamino)-N-(2,6-dimethylphenyl)acetamide.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, very soluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
F~stidentijicauon:A.

Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison lidocaine CRS.
B. Melting point (2.2.14): 66°C to 70 °C, determined
without previous drying.

C. To about 5 mg add 0.5 mL ofjuming nitric acid R.
Evaporate to dryness on a water-bath, cool, and dissolve the
residue in 5 mL of acetone R. Add 0.2 mL of alcoholic
potassium hydroxide solution R. A green colour develops.

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 10.0 mL with
the mobile phase.

Reference solution (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-chloro-N-(2,6
dimethylphenyl) acetamide 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 1.0 mL of reference
solution (c), then dilute to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, (2) =3.9 IDID;
- stationary phase: end-capped polar-embedded octadecylsilyl

amorphous organosilica polymer R (5 urn);
- temperature: 30°C.

Mobile phase Mix 30 volumes of acetonitrile for
chromatography Rand 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 mIlmin.
Detection Spectrophotometer at 230 nm.

Injection 20 ilL.

Run time 3.5 times the retention time oflidocaine.

Relative retention With reference to lidocaine (retention
time =about 17 min): impurity H =about 0.37;
impurity A = about 0.40.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities Hand A.

2020

Limits:
- impuriiyA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (d) (0.01 per cent);

- unspecified impurities: for each impurity, not more than the
area of the peak due to lidocaine in the chromatogram
obtained with reference solution (d) (0.10 per cent);

- total: 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 the peak due 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 mixture of 3 mL of dilute nitric acidRand
12 mL of waterR.

Sulfates (2.4.13)
Maximum 0.1 per cent.

Dissolve 0.2 gin 5 mL of ethanol (96 percent) R and dilute
to 20 mL with distilled waterR.

Water (2.5.12)
Maximum 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 SO mL of anhydrous acetic acidR and stir
until dissolution is complete. 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 23.43 mg
of C14H22NzO.

IMPURITIES
Specified impurities A.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for otherlunspecified 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 for pharmaceutical use) B, C, D, E, F, G, H,
I,].

A. 2,6-dimethylaniline,

ex
CH3

H 0
N I/""-..

~ I "("N CH3

'- CH~ ~CH3

B. 2-(diethylazinoyl)-N-(2,6-dimethylphenyl) acetamide
(lidocaine N-oxide),

C. N-(2,6-dimethylphenyl)acetamide,
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D. N-(Z,6-dimethylphenyl)-Z-(ethylamino)acetamide,

CH3 ~

/y.~'('~!~A..
U CH3 H3C~

Preparations
Lidocaine Gel

Lidocaine and Chlorhexidine Gel

Lidocaine Injection

Lidocaine and Adrenaline Injection/Lidocaine and
Epinephrine Injection

Lidocaine Intraocular Injection

Sterile Lidocaine Solution

PhEur _~----------------_

DEFINITION
Z-(Diethylamino)-N-(Z,6-dimethylphenyl)acetamide
hydrochloride monohydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
Firstidentification: B~ D.

Second identification: A~ C~ D.
A. Melting point (2.2.14): 74°C to 79 DC, determined
without previous drying.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lidocaine hydrochloride CRS.
C. To about 5 mg add 0.5 mL ofjuming nitric acid R.
Evaporate to dryness on a water-bath, cool and dissolve the
residue in 5 :ml..iofacerone R. Add O.Z mL of alcoholic
potassium hydroxide solution R. A green colour is produced.

D. 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
20 mL with the same solvent.

Appearanceofsmution
Solution S is clear (2.2.1) and colourless (2.2.2~ Method II).

pH (2.2.3)
4.0 to 5.5.

Dilute 1 mL of solution S to 10 mL with carbon dioxide-free
waterR.

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 10.0 mL with
the mobile phase.

Reference solution (a) Dissolve 50.0 mg of
2~6-dimethylanilineR (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-chloro-N-(2,6
dimethylphenyl)acetamide 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 1.0 mL of reference
solution (c), and dilute to 100.0 mL with the mobile phase.

6108-05-0288.8

Action and use
Local anaesthetic; Class I antiarrhythmic.

Lidocaine Hydrochloride
Monohydrate
Lidocaine Hydrochloride

(Ph. Bur. monograph 0227)

G. N-(Z,6-dimethYlphenyl)-Z-((1-methyleth.yl)amino)
acetamide,

J. 2-(diethylamino)-N-(2,5-dimethylphenyl)acetamide.

fI.Z-cbUoro-N-(2,6-dimethylphenyDacetarDide,

F. Z-(diethylamino)-N-(Z,3-dimethylphenyl)acetaInide,

E. 2,Z'-iminobis(N-(Z,6-dimethylphenyl)acetaInide),

____________________ PhEur

I. 2-(diethylamino)-N-(2,4-dimethylphenyl)acetaInide,
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Column:
- size: 1=0.15 m, (2) =3.9 mm;
- stationary phase: end-capped polar-embedded octadecylsilyl

amorphous organosilica polymer R (5 1JlIl);
- temperature: 30 DC.

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 mUm.in.

Detection Spectrophotometer at 230 DIn.

Injection 20 J,JL of the test solution and reference
solutions (a), (b) and (d).

Run time 3.5 times the retention time of lidocaine.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A; use the chromatogram obtained with reference
solution (b) to identify the peak due to impurity H.
Relative retention With reference to lidocaine (retention
time =about 17 min): impurity H =about 0.37;
impurity A =about 0.40.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities H and A.

Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram. obtained with reference
solution (d) (0.01 per cent);

- unspecified impurities: for each impurity, not more than the
area of the peak due to lidocaine in the chromatogram
obtained with reference solution (d) (0.10 per cent);

- total: 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 the peak due 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, deteonined on 1.0 g.

ASSAY
Dissolve 0.220 g in 50 mL of ethanol (96 percent) 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 mL of 0.1 M sodium hydroxide is equivalent to 27.08 mg
of C14H23CINZO.

STORAGE
Protected from light.

IAtlPURITIES
Specified impurities A.
Other detectable impurities (the following substances uould, if
present at a sufficient leoel; be detected by oneor other of the tests
in the monograph. Theyarelimited 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 impurities for
demonstration ofcompliance. See also 5.10. Control of impurities

2020

in substances for pharmaceutical use) BJ CJ D!J EJ F!J G!J H;, L
JJ K.

A. 2,6-dimethylaniline~

B. 2-(diethylazinoyl)-N-(2,6-dimethylphenyl) acetamide
(lidocaine NZ-oxide),

C. N-(2,6-dimethylphenyl)acetamide,

D. N-(2,6-dimethylphenyl)-2-(ethylamino)acetamide,

E. 2-2'-(azanediyl)bis [N-(2,6-dimethylphenyl)acetamide]~

F. 2-(diethylamino)-N-(2,3-dimethylphenyl)acetamide~

G. N-(2,6-dimethylphenyl)-2-[(l-methylethyl)
amino]acetamide,

H. 2-chloro-N-(2,6-dimethylphenyl)acetamide,

I. 2-(diethylamino)-N-(2,4-dimethylphenyl)acetamide,
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PhEur _

J. 2-(diethylamino)-N-(2,5-dimethylphenyl)acetamide,

B. Dissolve 0.1 g in waterR and dilute to 10 mL with the
same solvent. The solution gives reaction (a) of chlorides
(2.3.1).

TESTS
Solution S
Dissolve 2.0 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 not more intensely coloured
than reference solution Y6 (2.2.2~ Method II).

pH (2.2.3)
3.5 to 5.5 for solution S.

Specific optical rotation (2.2.7)
+ 135 to + 150 (anhydrous substance).

Dissolve 1.000 g in waterR and dilute to 25.0 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 10.0 mL with
the mobile phase.

Reference solution (aJ Dissolve 25.0 mg of lincomycin
hydrochloride CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase.

Reference solution (b) Dissolve 5 mg of lincomycin
hydrochloride for system suitabiliry CRS (containing
impurities A, B and 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 solution (d) DiluteLf mL of reference solution (c)
to 20.0 ml.wittrthemobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped base-deactioated ocrylsilyl silica

gelfor chromatography R (5 J.llI1);
- temperature: 50°C.

Buffer solution pH 6.1 Dissolve 34 g ofphosphoric acidR in
900 mL of waterfor chromatography R, adjust to pH 6.1 with
concentrated ammonia R and dilute to 1000 mL with waterfor
chromatography R.

Mobz1e phase methanolR, acetonitrile R1, buffer solution
pH 6.1 (8:17:75 VIVIV).

Flow rate 1 mIlrnin.
Detection Spectrophotometer at 210 DIn.

Injection 20 ul, of the test solution and reference
solutions (b), (c) and Cd).

Run time 5.5 times the retention time of lincomycin.

Relative retention With reference to lincomycin (retention
time = about 10 min): impurity C = about 0.4;
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 1st peak due to impurity B.

Limits:
- impurity 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 impurity B: not more
than 5 times the area of the principal peak in the
chromatogram obtained with reference solution (d)
(0.5 per cent);

7179-49-9

461.0

447.0

Molecularformula

C18H35CIN20aS,H20

C17H33CIN20aS,H20

Compound R

Lincomycin CH3

Lincomycin8 H

(Ph. ~ttr. monograph 0583)

Lincomycinhydrochloridemonohydrate

DEFINITION
Mixture of antibiotics produced by Streptomyces lincolnensis
var. lincolnensis or obtained. by any other means, the main
component being methyl 6,8-dideoxy-6-[[((2S,4R)-1-methyl
4-propylpyrrolidin-2-yl]carbonyl] amino]-l-thio-D-erythro-ct-D
galacco-octopyranoside (lincomycin) hydrochloride
monohydrate.

Content
- sum of the contents of lincomycin hydrochloride and

lincomycin B hydrochloride: 96.0 per cent to 102.0 per cent
(anhydrous substance);

- lincomycin B hydrochloride: maximum 5.0 per cent
(anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
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.

Action and use
Antibacterial.

Preparations
Lincomycin Capsules

Lincomycin Injection

Lincomycin Hydrochloride

IC.N-(2,6-dimethylphenyl)-2-(ethylo1ethylamhlo)acetaDlide.
__~ ~ PhEur
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- impurity 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 than the
area of the principal peak in the chromatogram obtained
with reference solution (d) (0.10 per cent);

- total: not more than the area of the principal peak in the
chromatogram obtained with reference solution (c)
(2.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference 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, determined on 1.0 g.

Bacterial endotoxins (2.6.14)
Less than 0.50 IV/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 solutions (a) and (c).

Calculate the percentage content of ClsH3SClNZ06S
(lincomycin) and C17H33CINZ06S (lincomycin B) taking into
account the assigned content of ClsH3SClNz06S in
lincomycin hydrochloride CRS. Determine the content of
lincomycin by comparing with the area of the peak due to
lincomycin in the chromatogram obtained with reference
solution (a). Determine the content of lincomycin B by
comparing with the area of the peak due to lincomycin in the
chromatogram obtained with reference solution (c).

STORAGE
At a temperature not exceeding 30°C. If the substance is
sterile, store in a sterile, airtight, tamper-proof container.

IMPURITIES
Specified impurities A, B, C.
Other detectable 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 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) D, E, F.

A. methyl 6,8-dideoxy-6-[[[(2R,4R)-1-methyl-4
propylpyrrolidin-2-yl]carbonyl]amino]-l-thio-D-erythro-ct
D-galacto-octopyranoside (c-amide epimer),

2020

B. methyl 6,S-dideoxy-6- [[[(2S;4EZ)-1-methyl-4
propylidenepyrrolidin-2-yl] carbonyl]amino]-l-thio-p
erythro-a.-n-galactG-octopyranoside (propylidene
analogues),

C. methyl 6,S-dideoxy-6- [[[(2S,4R)-4-propylpyrrolidin-2-yl]
carbonyl]amino ]-l-thio-D-erythro-a.-D-galacto
oetopyranoside (N-desmethyllincomycin),

r;
J H

3 H ~H"OH
-; ~,-- CH,

H-- (HO 0

o OH

H3C S'CH
OH 3

D. methyl 6,S-dideoxy-6-[[[(2S,4R)-1-methyl-4
propylpyrrolidin-2-yl]carbonyl]amino]-l-thio-L-threo-a.-D
galacto-oetopyranoside (7-epz~lincomycin),

E. (2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxylic acid
(4-propyl hygric acid),

~
Hq.. H

H2N-"- .. CH3

HO 0
OH

S,
OH CH3

F. methyl 6-amino-6,S-dideoxy-l-thio-D-erythro-a.-D-galacto
oetopyranoside (methyl-I-thiolincosaminide).

____________________ PhEur
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Linoleoyl Macrogolglycerides
(Ph. Bur. monograph 1232)

Action and use
Excipient.

PhEur _

DEFINITION
Mixtures of monoesters, diesters and triesters of glycerol and
monoesters and diesters of macrogols.

They are obtained by partial alcoholysis of an unsaturated oil
mainly containing triglycerides of linoleic ((9Z,12Z)-octadeca
9,12-dienoic) 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.

CHARACTE:RS
Appearance'.',
Amber,oily,liqUid which may give rise to a deposit after
prolonged periods at 20 "C.

Solubility
Practically insoluble but dispersible in water, freely soluble in
methylene chloride.

Relative density
About 0.95 at 20 °e.
Refractive index
About 1.47 at 20 -c.
Viscosity
About 35 mf'a-s at 40 "C.

IDENflFICATION
A. Thin-layer chromatography (2.2.27).

Testsolution 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).

Application 10 ilL.

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 om.

Results The chromatogram shows a spot due to triglycerides
with an Rp value of about 0.9 (Rst 1) and spots due to
1,3-diglycerides (Rst 0.7), to 1,2-diglycerides (Rst 0.6), to
monoglycerides (Rst 0.1) and to esters of macrogol (Rst 0).

B. Hydroxyl value (see Tests).

e. 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, determined on 1.0 g.

Iodine value (2.5.4, MethodA)
90 to 110.

Peroxide value (2.5.5, lVlethod A)
Maximum 12.0, determined on 2.0 g.

Linoleoyl Macrogolglycerides II-I2l

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 ifnecessary with o. aIM hydrochloric acidor with
0.01 M sodium hydroxide, of 0.05 mL of a 0.4 gIL solution of
bromophenol blueR in ethanol (96 percent) R, 0.3 mL of
waterR and 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 gin 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 periodic 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.

1 mL of 0.1 M sodium thiosulfate is equivalent to 2.3 mg of
glycerol.

Composition offatty acids (2.4.22" Method A)
Composition of thefatty-acid fraction of the substance:
- palmitic acid: 4.0 per cent to 20.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: 20.0 per cent to 35.0 per cent;
- linoleic acid: 50.0 per cent to 65.0 per cent; _
- linolenic acid: maximum 2.0 per cent;
- arachidic acid: maximum 1.0 per cent;
- eicosenoic acid: maximum 1.0 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 light.

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 prooides information on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance whenusedas 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 also represent mandatory quality
criteria. In suchcases, 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 quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. Where control methods are cited, they are
recognised as being suitable for the purpose" but other methods can
also beused. Wherever results for a particular characteristic are
reported" the control methodmust be indicated.
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___---' PhEur

The following characteristics may be relevantfor linoleoyl
macrogolglycerides used as self-emulsifying agents and solubilisers.

Hydroxyl value
(see Tests).

Saponification value
(see Tests).

Composition of fatty acids
(see Tests).

Virgin Linseed Oil
(Ph. Eur. monograph 19(8)

**** ** ** *-
***

- stearic acid: 2.0 per cent to 8.0 per cent,
- oleic acid: 11.0 per cent to 35.0 per cent,
- linoleic acid: 11.0 per cent to 24.0 per cent,
- linolenic acid: 35.0 per cent to 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 herbaldrug
preparations.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In an airtight container, protected from light.
____________________ PhEur

PhEur _

PhEur _

(Ph. Eur. monograph 0728)

Liothyronine Sodium

55-06-1673

I

(Y°fuH
2

HO~ I C02Na

I

Action and use
Thyroid hormone replacement,

Preparation
Liothyronine Tablets

DEFINITION
Sodium (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 dilute solutions 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).

Testsolution Dissolve 10.0 mg in 0.1 M sodium hydroxide
and dilute to 100.0 mL with the same solvent.

Spectral range 230-350 nm.

Absorption maximum At 319 nm.

Specific absorbance at the absorption maximum 63 to 69 (dried
substance) .

C. Infrared absorption spectrophotometry (2.2.24).

Comparison liothyronine sodium CRS.

DEFINITION
Fatty 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 DC.

Solubility
Very slightlysoluble in ethanol (96 per cent), miscible with
light petroleum.

Relative density
About 0.931.

Refractive index
About 1.480.

IDENTIFICATION
First identification: B, C.

Secondidentification: A., B.

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.-l.

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., Method A)
Maximum 15.0.

Saponification value (2.5.6)
188 to 195; carry out the saponification for 1 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., Method C). Use the calibration
mixture in Table 2.4.22.-3.

Composition of thefatty-acid fraction of the oil:
- fatty acids with a chain limgth less than C16: maximum

1.0 per cent,
- palmitic acid: 3.0 per cent to 8.0 per cent,
- palmitoleic acid: maximum LOper cent,
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D. To about 50 mg in a porcelain dish add a few drops of
sulfuric acidR and heat. Violet vapour is evolved.

E. To 200 mg add 2 mL of dilute sulfuric acidR. Heat on a
water-bath and then carefully over a naked flame, increasing
the temperature gradually up to about 600°C. Continue the
ignition until most of the particles have disappeared. Dissolve
the residue in 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 1 volume of 1 M hydrochloric
acid and 4 volumes of ethanol (96 per cent) R and dilute to
20.0 mL with the same mixture of solvents.

Related substances
Liquid chromatography (2.2.29). Protect the solutions from light
throughout the test.

Solution A Mix 10 volumes of mobile phase A with
90 volumes of:inethanol R.

I

Solution B '.- MiX 3() volumes of mobile phase B and
70 volumes of mobile phase A. Mix equal volumes of this
solution with solution A.

Test solution -Dissolve 20.0 mg of the substance to be
examined in 20 mL of solution A. Dilute 4.0 mL of this
solution to 20.0 mL with solution B.
Reference solution (a) Dissolve 2.5 mg of levothyroxine
sodium CRS (impurity A) and 2.5 mg of liothyronine
sodium CRS in solution A 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 solutionB.

Reference solution (c) Dissolve the contents of a vial of
liothyronine for peak identification CRS (containing impurities
A, B, C, D and E) in solution B and dilute to 1.0 mL with
the same solution.

Reference solution (d) Dissolve 20.0 mg of liothyronine
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: end-capped octadecylsilyl silica gelfor

chromatography R (3 urn).

Mobzle phase:
- mobile phase A: dissolve 9.7 g of sulfamic acid R in waterR

and dilute to 2000 mL with the same solvent; add 1.5 g
of sodium hydroxide R and adjust to pH 2.0 with 2 M
sodium hydroxide;

- mobile phase B: acetonitrile R1;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VflI)

0-3 75 25

3-4 75 -+ 70 25 -+ 30

4 - 14 70 30

14 - 44 70 -+ 20 30 -+ 80

44 - 54 20 80

Flow rate 1 mL'min.

Detection Spectrophotometer at 225 nm.

Injection 25 ul, of the test solution and reference
solutions (a), (b) and (c).

Liothyronine Sodium 11-123

Identification of impurities Use the chromatogram obtained
with reference solution (c) to 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 suitability:
- resolution: minimum 5.0 between the peaks due to

impurity A and liothyronine in the chromatogram
obtained with reference solution (a).

Limits:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with 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 obtained with reference solution (b)
(0.3 per cent);

- impurity D: not more than twice the area of the peak due
to liothyronine in the chromatogram obtained with
reference solution (b) (0.2 per cent);

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

- total: not more than twice the area of the peak due to
liothyronine in the chromatogram obtained with reference
solution (a) (2.0 per cent);

- disregard limit: 0.5 times the area of the peak due to
Iiothyronine.in the chromatogram obtained with reference
solution (1,) (0.05 per cent).

Chlorides
Maximum 2.0 per cent, expressed as NaCI (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 nitric acidR and titrate with 0.05 M silver nitrate,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.05 M silver nitrate is equivalent to 2.93 mg of
NaCl.

Loss on drying (2.2.32)
Maximum 4.0 per cent, determined on 0.500 g by drying in
vacuo at 60°C.

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).

Calculate the percentage content of ClsHllI3NNa04 from
the declared content of liothyronine sodium CRS.

STORAGE
In an airtight container, protected from light, at a
temperature between 2 °C and 8°C.

IMPURITIES
Specified impurities A J BJ C, DJ E.
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II-124 Lisinopril Dihydrate 2020

PhEw _

Mobile phase B
(per cent VIV)

Mobile phase A
(per cent VIV)

Time
(min)

DEFINITION
(2~-1-[(2S)-6-~0-2-[[(1S)-1-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 dihydrate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 mg of the substance to be
examined in mobile phase A and dilute to 10.0 mLwith
mobile phase A.

Reference solution (a) Dissolve 5 mg of lisinopril for system
suitabilityA CRS (containing impurities A and E) in mobile
phase A and dilute to 1.0 mL with mobile phase A.

Reference solution (b) Dilute T.O mLof 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
lisirwpril impurityF CRS in 1.0 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 1.0 mL with mobile phase A.

Column:
- size: 1=0.25 rn, 0 = 4.6 rom;
- stationary phase: base-deactivated end-capped octadecylsilyl

sz7ica gelfor chromatography R (5 urn);
- temperature: 50 "C.

Mobile phase:
- mobile phaseA: mix 3 volumes of acetonitrile R1 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 phaseB: mix 20.5 volumes of acetonitrile 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;

A. (2S)-2-amino-3-[4-(4-hydroxy-3,5-diiodophenoxy)-3,5
diiodophenyl)propanoic acid (levothyroxine),

(Ph. Bur. monograph 1120)

e. [4-(4~hydroxy-3-iodophenoxy)-3,5-diiodopheny1] acetic
acid (triiodothyroacetic acid),

B. (2S)-2-amino-3-(4-hydroxy-3,5-diiodophenyl)propanoic
acid ,(diiodotyrosine),

D. [4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl]acetic
acid (tetraiodothyroacetic acid),

E. (2S)-2-amino-3- [4-(4-hydroxyphenoxy)-3,5-diiodophenyl]
propanoic acid (diiodothyronine).

Lisinopril Dihydrate

~ --'-_ PhEur

Flow rate 1.6 mlJmin.

Detection Spectrophotometer at 210 nm.
Injection 50 J-lL.

441.5

Action and use
Angiotensin converting enzyme inhibitor.

Preparations
Lisinopril Oral Solution

Lisinopril Tablets

83915-83-7 0-2
2-37

37 - 62

100
100 -> a

a

o
a --+ 100

100
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Identification of impurities Use the chromatogram supplied
with lisinopril for system suitability A CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A and E; use the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity F; use the chromatogram supplied
with lisinopril forpeak identification CRS and the
chromatogram obtained with reference solution (d) to
identify the peak due to impurity G.

Relativeretention With reference to lisinopril (retention
time =about 14 min): impurity A =about 0.7;
impurity E =about 1.2; impurity F =about 1.9;
impurity G =about 2.9.

System suitability:
- resolution: minimum 1.5 between the peaks due to

lisinopril and impurity E in the chromatogram obtained
with reference solution (a);

- signal-to-noise ratio: minimum 45 for the principal peak in
the chromatogram obtained with 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 oflisinopril in

reference s?~ution (b).

Limits:
- impurities AJ EJ F: for each impurity, maximum

0.2 per cent;
- impurity G: 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; 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
sodiumhydroxide, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M sodium hydroxide is equivalent to 40.55 mg of
CZIH31N30S.

IMPURITIES
Specified impurities A J EJ FJ G.
Other detectable 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 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 forpharmaceutical use) B} C} D} H} 1.

A. (2RS)-2-amino-4-phenylbutanoic acid,

Lisinopril Dihydrate II-125

B. 4-methylbenzenesulfonic acid,

c. (2S)-2-[(3S,8aS)-3-(4-aminobutyl)-1,4
dioxohexahydropyrrolo [1,2-a]pyrazin-2(1H)-yl]-4
phenylbutanoic acid (S,S,S-dikeropiperazine),

D. (2S)-2-[(3S,8aR)-3-(4-aminobutyl)-1,4
dioxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-4
phenylbutanoic acid (R,S,S-diketopiperazine),

E. (2S)-1-[(2S)-6-amino-2-[[(lR)-l-carboxy-3-phenylpropyl]
amino]hexanoyl]pyrrolidine-2-carboxylic acid (lisinopril R,
S,S-isomer),

F. (2S)-I-[(2S)-6-amino-2-[[(lS)-1-carboxy-3
cyc1ohexylpropyl]amino] hexanoyl] pyrrolidine-2-carboxylic
acid (cyc1ohexyl analogue),

G. (2S)-1-[(2S)-6-amino-2-[[(2S)-1-[[[(5S)-5-[[(1S)-I
carboxy-3-phenylpropyl] amino] -6-[(2S)-2
carboxypyrrolidin-I-yl]-6-oxohexyl] amino] carbonyl] -3
phenylpropyl] amino]hexanoyl]pyrrolidine-2-carboxylic
acid (lisinopril dimer),
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PhEur _

____________________ PhEur

II. (2~-6-arnll10-2-[[(1~-I-carboxy-3-phenylpropyG
amino]hexanoic acid,

Action and use
Prophylaxis of affective disorders.

Preparation
Lithium Citrate Oral Solution

(Ph. Bur. monograph 0621)

C6HsLi307,4HzO 282.0

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.

Disperse 1.25 ginS mL of distilled waterR and dissolve by
adding 5 mL of hydrochloric acidRl. Boil for 2 min. Cool
and add dilute sodium hydroxide solution R until neutral. Dilute
to 25 mL with distilled waterR.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 0.5 g.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with distilled waterR.

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 mL of solution S to 10 mL with waterR. Dilute
6.7 mL of this solution to 10 mL with waterR.

Potassium
Maximum 300 ppm.

Atomic emission spectrometry (2.2.22, Method1).

Testsolution Dissolve 1.0 g in 10 mL of hydrochloric acidRl
and dilute to 50.0 mL with waterR.
Reference solutions Prepare the reference solutions using a
solution of potassium chloride R containing 500 ug of K per
millilitre, diluted as necessary with waterR.
Wavelength 766_.5nm.---------

Sodium
Maximum 300 ppm.

Atomic emission spectrometry (2.2.22, Method1).

Testsolution Dissolve 1.0 g in 10 mL of hydrochloric acidRl
and dilute to 50.0 mL with water R.

Reference solutions Prepare the reference solutions using a
solution of sodium chloride R containing 500 ug of Na per
millilitre, diluted as necessary with waterR.
Wavelength 589 nm.

ASSAY
Dissolve 0.250 gin 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.

ImL of 1 M hydrochloric acidis equivalent to 36.95 mg
of LiZC0 3 •

Lithium Citrate

____________________ PhEur

554-13-2

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

Action and use
Prophylaxis of affective disorders.

Preparations
Lithium Carbonate Tablets

Lithium Carbonate Prolonged-release Tablets

(Ph. Bur. monograph 0228)

LiZC03 73.9

DEFINITION
Content
98.5 per cent to 100.5 per cent.

CHARACTERS
Appearance
White or almost white powder.

Solubility
Slightly soluble in water, practically insoluble in ethanol
(96 per cent).

IDENfIFICATION
A. When moistened with IuJdtochloric acidR, it gives a red
colour to a non-luminous flame.

B. Dissolve 0.2 gin 1 mL of hydrochloric acidR. Evaporate to
dryness on a water-bath. The residue dissolves in 3 mL of
ethanol (96 per cent) R.
C. It gives the reaction of carbonates (2.3.1).

TESTS
Solution S
Suspend 10.0 gin 30 mL of distilled water R and dissolve by
the addition of 22 mL of nitric acid R. Add dilute sodium
hydroxide solution R until the solution is neutral and dilute to
100 mL with distilled waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Lithium Carbonate

1. (2~-I-[(2~-2,6-bis[[(l~-I-carboxy-3

phenylpropyl] amino]hexanoyl] pyrrolidine-2-carboxylic
acid.
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____________________ PhEur

PhEur _

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. Carry 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 acid, using 0.25 mL of naphtholbenzein solution R as
indicator, until the colour changes from yellow to green.

1 mL of 0.1 M perchloric acid is equivalent to 7.00 mg
of C6HsLh07'

STORAGE
In an airtight container.

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 the
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 strain(s).

Faecal microbiota transplantation (FM1) 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 the
batch(es) 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
defined quality.

LBP are produced using a seed-lot system. The methods of
preparation are designed to maintain the viability of the
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 safety apply. The production process is optimised to
consistently minimise or remove adventitious agents and
toxic or other impurities.

In the production of a final 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
of LBP. 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

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

(Ph. Bur. monograph 3053)

Live Biotherapeutic Products for
Human Use

PtTEur _

DEFlNITION
Trilithium 2-hydroxypropane-1,2,3-tricarboxylate
tetrahydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, fine crystalline powder.

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

IDENTIFICATION
A. When moistened with hydrochloric acidR, it gives a red
colour to a non-luminous flame.

B. Dilute 3 mL of solution S (see Tests) to 10 mL with
'Water R. Add 3 mL of potassium ferriperiodate solution R.
A white or yellowish-white precipitate is formed,

C. To 1 mL ofsoiriiion S add 4 mL of waterR. The solution
gives the reaction 'of citrates (2.3.1).

TESTS
Solution S
Dissolve 10.0 gin 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, MethodII).

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 hydrochloric 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 sulfuric 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~ MethodII).

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 15 mL with water R.

Oxa1ates
Maximum 300 ppm, calculated as anhydrous oxalate ion.

Dissolve 0.50 gin 4 mL of waterR, add 3 mL of hydrochloric
acid Rand 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 500 ppm.

To 3 mL of solution S add 2 mL of hydrochloric acidRI and
dilute to 17 mL with distilled waterR. Prepare the reference
solution using 15 mL of a mixture of 2 mL of hydrochloric
acid Rl and 15 mL of sulfate standard solution
(10 ppm SO"; R and compare the opalescence after 15 min.
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Table 3053.-1. - Acceptance criteria for microbiological qualityof
LBP

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:

* If it is not possible to determine the AMCC due to the absence of a
suitable method for the LBP, then test for the absence of the following
specified micro-organisms using the methods in general chapter 2.6.38: bile
tolerant Gram-negative bacteria(l) (1 g or 1 mL), P. aeruginosa (1 g or
1 mL), S. aureus (l g or 1 mL), Salmonella spp. (10 g or 10 mL). Tests for
other pathogens may be carried out based on a risk assessment (e.g. specific
environmental contaminants).
(I) If the LBP consists of E. coli, test for the absence of Enterobacteriaceae
and other Gram-negative bacteria using suitable culture media instead of
testing for the absence of bile-tolerant Gram-negative bacteria.

** If it is not possible to determine the YMCC due to the absence of a
suitable method for the LBP, then test for the absence of C. albicans and test
for pathogenic moulds based on a risk assessment.

***If the LBP consists of Bacillus spp. spores, test for the absence of Bacillus
cereus in addition to the tests described in the table.
****If the LBp· consists of E. colz~ the test for E. colishould be replaced by
another test for the absence of faecal contaminants by testing for Enterococcus
faecalis and Enterococcus faecium as indicators. A search for other pathogens
may be carried out based on a risk assessment (e.g. pathogenic E. colz).

IDENTIFICATION
Each micro-organism is identified by a suitable method,

TESTS
Appearance
It complies with the established specification.

.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 =200;
- 103 CFU: maximum acceptable count = 2000.

Acceptance criteria based upon the aerobic microbial
contamination count (Al\II.CC) and the combined yeasts/
moulds contamination count (YMCC) are given in
Table 3053.-1.

Specified
micro

organisms***

Absence of
Escherichia

coli**** (1 g or
1 mL)

Absence of
Escherichia

coH**** (1 g or
1 mL)

Absence of
Pseudomonas

aeruginosa (l g
or 1 mL)

Absence of
Staphylococcus
aureus (l g or

1 mL)
Absence of

Candida albicans
(1 g or 1 mL)

YMCC**
(CFU/g

orCFU/mL)

AMCC*
(CFU/g

or CFU/mL)

Route of
administration

Non-aqueous
preparations for 103 102

oral use

Aqueous
preparations for 102 101

oral use

--------- ...-- -- ---

Vaginal use

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 genotypically 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
safety.

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.

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 form.

FINAL LOT
When the final lot is an aqueous suspension, it is distributed
into sterile, tamper-proof 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.
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PhEur _

____________________ PhEur

CHARACTERS
Appearance
White or almost white, microcrystalline powder.

Solubility
Sparingly soluble in water, freely soluble in ethanol
(96 per cent), soluble in methylene chloride.

IDENTIFICATION
Firstidentification: A~ B.

Second identification: B~ C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison 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
distilled 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, MethodII).

pH (2.2.3)
4.6 to 6.4 for solution S.

Specific optical rotation (2.2.7)
-55 to -59 (dried substance), determined on solution S.

Foreign alkaloids
Thin-layer chromatography (2.2.27).

Testsolution (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 1 mL oftest 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 gel GF254 plateR.
Mobile phase diethylamine R, cyclohexane R (10:90 VIV).

Application 10 JlL.
Development Over 2/3 of the plate.

Drying At 120°C.

Detection Examine in ultraviolet light at 254 om.

Limits In the chromatogram obtained with test solution (a):
- any impurity: any spot, apart from the principal spot, is

not more intense than the spot in the chromatogram
obtained with reference solution (a) (1 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 10.0 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 rnL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

134-63-4

• Hel

373.9

Action and use
Respiratory stimulant.

(Ph. Bur. monograph 1988)

Lobeline Hydrochloride

DEFINITION
2-[(2R,6S)-6-[(2S)-2-Hydroxy-2-phenylethyl]-1
methylpiperidin-2-yl]-I-phenylethanone hydrochloride.

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

- 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/rnL,
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 cells/rnL
based on viable-cell: assay, in agreement with the competent
authority.

STORAGE
Liquid LBP are not. to be frozen.

LABELLING
The label states:
- the name of the strain(s);
- the route of administration;
- the storage conditions;
- the expiry date;
- the potency of each strain expressed

in CFU/mL, CFU/g, CFU/unit or viable cells/rnL;
- the name 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.
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____________________ PhEur

26786-32-3

,HCI

455.4

Lofepramine Hydrochloride

~~CI
CH3 0

D. acetophenone.

Action and use
Monoamine reuptake inhibitor; tricyclic antidepressant.

Preparation
Lofepramine Tablets

DEFINITION
Lofepramine Hydrochloride is 5-(3- [N-(4-chlorophenacyl)-N
methylamino]propyl)10,11-dihydro-5H-dibenz[bJ] azepine
hydrochloride. It contains not less than 98.5% and not more
than 101.0% of CZ6Hz7ClNzO,HCI, calculated with
reference to the dried substance.

C. meso-(lR,l'S)-2,2'-[(2R,6S)-1-methylpiperidine-2,6-diyl]
bis(l-phenylethanol) (lobe1anidine),

H'C(50
~I
~

B. 2,2'-[(2R,6S)-1-methylpiperidine-2,6-diyl]bis(1
phenylethanone) (lobelanine),

CHARACTERISTICS
A fine, yellowish white to greenish yellow powder.

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 n A, is
concordant with the reference spectrum of lcfepramine
hydrochloride (form A) (RS 399A).

B. 2 rnL of a 1% w/v solution in ethanol 0;16%) complies with
the test for chlorides, Appendix VI.

TESTS
Related substances
Carry out the method for liquidchromatography,
Appendix In D, using the following solutions. Solution (1)
contains 0.1 % w/v of the substance being examined in the

Reference solution (b) Dissolve 5 mg ofphenytoin CRS in the
mobile phase and dilute to 100.0 m.Lwith. th.e mobile phase.
To 1 mL of the solution add 0.1 mL of the test solution and
dilute to 25 mL with the mobile phase.

Column:
- size: 1= 0.25 ffi, 0 =4 mm,
- stationary phase: spherical end-capped ocrylsilyl silica gelfor

chromatography R (5 JlID.).

Mobilephase Dissolve 1.0 g of sodium methanesulfonate R
and 2.50 g of disodium hydrogen phosphatedihydrate R in a
mixture of 3 volumes of a 6.7 per cent V/V solution of
phosphoric acid R, 29 volumes of acetonitrile R and 70 volumes
of waterR and dilute to 1000 mL with the same mixture of
solvents.

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 210 nm..
Injection 10 J.LL.
Run time 2 times the retention time of lobeline which is
about 17 min.

System suitabilz"ty Reference solution (b):
- resolution: minimum 4.0 between the peaks due to

phenytoin and to lobeline.

Limits:
- any impurity: 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 with reference solution (a)
(0.2 per cent),

- disregard level: 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 0.1 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 (2.4.14)
Maximum 0.1 per cent, determined on the residue obtained
in the test for loss on drying.

ASSAY
Dissolve 0.300 gin 50 mL of ethanol (96 per cent) R.
Add 5 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 rnL of 0.1 M sodium hydroxide is equivalent to 37.39 mg of
CZ2Hz8ClNOZ.

STORAGE
Protected from light.

IMPURITIES

A. 2-[(2S,6R)-6-[(2R)-2-hydroxy-2-phenylethyl]-1
methylpiperidin-2-yl]-1-phenylethanone ((+)-lobeline),
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Lomustine Time
(min)

Mobile phase A
(per cent VIV)

~lobi1e phase B
(per cent W"J,)

PhEur _

DEFINITION
1-(2-Chloroethyl)-3-cyclohexyl-1-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, soluble in ethanol (96 per cent).

Carry out the tests protected from lightand prepare all the
solutions immediately before use.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison lomustine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Phosphate buffer solution Dissolve 1.36 g of potassium
dihydrogen phosphate R in 900 mL of waterR, adjust to
pH 3.0 with dilute phosphoric acidR and dilute to 1000 mL
with waterR.
Test solution Dissolve 50.0 mg of the substance to be
examined in acetonitrile Rl and dilute to 10.0 mL with the
same solvent.
Reference solution (a) Dissolve 5.0 mg of dicyclohexylurea R
(impurity C) in methanol R and dilute to 10.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 50.0 mL with
acetonitrile Rl. 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 Rl. Dilute ·1.0 mL of this solution
to 10.0 mL with acetonitrile Rl.
Column:
- size: 1=0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40°C.

Mobzle phase:
- mobile phase A: acetonitrile Rl, phosphate buffer solution

(20:80 V/V);
- mobile phase B: phosphate buffer solution, acetonitrile Rl

(24:76 V/V);

25
25 -> 60

60 -> 70

70

75

75 -> 40

40 -> 30

30

0-2

2 - 17

17 - 34

34 - 42

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 20!1L.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity C.

Relativeretention With reference to lomustine (retention
time =about 23 min): impurity C =about 0.7.
System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurity C and lomustine.

Calculation of percentage contents:
- for each impurity, use the concentration of lomustine 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.

Chlorides (2.4.4)
Maximum 500 ppm.

Dissolve 0.24 g in 4 mL of methanol R and add 20 mL of
waterR. 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 over diphosphorus penioxide R at a pressure not
exceeding 0.7 kPa for 24 h.

ASSAY
Dissolve 0.200 g in about 3 mL of ethanol (96 percent) R
and add 20 mL of a 200 gIL solution of potassium
hydroxide R and boil under a reflux condenser for 2 h.
Add 75 mL of waterR and 4 mL of nitric acidR. Cool and
titrate with 0.1 M silver nitrate, determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

1 mL of 0.1 M silver nitrate is equivalent to 23.37 mg
of CgH16CIN30z.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (thefollowing substances toould, if
present at a sufficient leoel, 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 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) A, B~ C.

o
CI~N)lN~CI

H H

13010-47-4233.7

Action and use
Cytotoxic a1kylating agent.

Preparation
Lomustine Capsules

(Ph. Bur. monograph 0928)

A. 1,3-bis (2-chloroethyl)urea,
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10 --. 70

70

Mobile phase B
(per cent VIP)

90 --.30

30

Mobile phase A
(per cent VIP)

Time
(min)

0-15

15 - 17

Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 220 om.
Injection 10 IlL.
Identificationof-impurities .. Use the chromatogram supplied
with loperamide for system suitabz1ity CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, D, E, G and H.

Relative 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 = ;bout 1.50;
impurity B = about 1.9.

System suitability Reference solution (a):
- peak-to-valley 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
curve separating this peak from the peak due to
impurity H; 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 impurity A.

Calculation of percentage contents:
- correction factor. multiply the peak area of

impurity D by 1.7;
- for each impurity, use the concentration of loperamide

hydrochloride in reference solution (b).

Limits:
- impurities B, D: for each impurity, maximum 0.2 per cent;
- 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 4 h.

TESTS
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 10.0 mg of loperamide for
system suitability CRS (containing impurities A, 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 methanol R.
Column:
- size: 1=0.10 m, 0 =4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (3 urn);
- temperature: 35°C.

Mobile phase:
- mobile phase A: 17.0 gIL solution of tetrabutylammonium

hydrogen sulfate RJ;
- mobile phaseB: acetonitrile for chromatography R;

34552-83-5

Hel

513.5

B. 1-(2-chloroethyl)-3-cyclohexylurea,

(Ph. Bur. monograph 0929)

C. 1,3-dicyclohexylurea.

Action and use
Opioid receptor agonist; antidiarrhoeal.

Preparations
Loperamide Capsules

Loperamide Oral Solution

Loperamide Oral Suspension

Loperamide Tablets

Loperamide Orodispersible Tablets

Loperamide Hydrochloride

DEFINITION
4- [4-(4-Chlorophenyl)-4-hydroxypiperidin-1-yl]-N,N
dimethyl-2,2-diphenylbutanamide hydrochloride.

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

CHARACTERS
Appearance
'White or almost white powder.

Solubility
Slightly 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 obtained show differences, dissolve the
substance to be examined and the reference substance
separately in the minimum. volume of methylene chloride R,
evaporate to dryness and record new spectra using the
residues.

____________________ PhEur
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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 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. Read the volume added between the 2 points of
inflexion.

1 rnL of 0.1 M sodium hydroxide is equivalent to 51.35 mg of
CZ9H34ClzNzOz.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, D.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimitedby 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 also 5.10. Control of impurities
in substances for pharmaceutical use) A, C, E, F, G, H.

A. 4-[4-(4'-chloro-[l,1'-biphenyl] -4-yl)-4-hydroxypiperidin
l-yl]-N,N-dimethyl-2,2-diphenylbutanamide,

B. 4-(4-chlorophenyl)-I, I-bis [4-(dimethyl amino)-4-oxo-3,3
diphenylbutyl]-4-hydroxypiperidin-l-ium,

C1~/(I/OH
N
H

c. 4-(4-chlorophenyl)piperidin-4-ol,

2020

D. 4-(4-hydroxy-4-phenylpiperidin-l-yl)-N,N-dimethyl-2,2
diphenylbutanamide,

E. 1,4-bis [4-(4-chlorophenyl)-4-hydroxypiperidin-l-yl]-2,2
diphenylbutan-l-one,

6!~ CI
OH I
: #

_,-----"-.-.'- ' N-,. ,%0"-:CH
a

"j ~'CH3
¥ '0
~

F. (1r,4r)-4-(4-chlorophenyl)-I-[4-(N,N-dimethylamino)-3,3
diphenyl-4-oxobutyl] -4-hydroxypiperazine l-oxide
(loperamide oxide),

G. (15,45)-4-(4-chlorophenyl)-I-[4-(N,N-dimethylarnino)-3,3
diphenyl-4-oxobutyl] -4-hydroxypiperazine L-oxide,
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CI

H.4-[4-(4-chlorophenyl)-3,6-dihydropyridin-1(2H)-yl]-N,N
dimethyl-2,2-diphenylbutanamide.

Loperamide Oxide Monohydrate 11-135

Reference solution (a) Dissolve 5.0 mg of loperamide
hydrochloride 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 to
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, (2) = 4.6 mm,
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (3 1JlD.),
- temperature: 35°C.

Mobile phase:
- mobile phaseA: 17.0 gIL solution of tetrabutylammonium

hydrogen sulfate Rl,
- mobile phaseB: acetonitrile R,

____________________ PhEur

Lope~amide Oxide Monohydrate

Time
(min)

0-15

15 - 17

Mobile phase A
(per cent VIJ')

90 -+ 30

30

Mobile phase B
(per cent VIV)

10 -+ 70

70

(ph. Bitr; monograph. 1729)

~
~ CI

OH I
: ~

N

q§
0 #' : CH3

" j N'CH3

V ~ 0

-=

Action and use
Opioid receptor agonist; antidiarrhoeal.

PhEur _

DEFINITION
4-[trans-4-(4-Chlorophenyl)-4-hydroxy-1-oxidopiperidin-1
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, slightlyhygroscopic.

Solubility
Practically insoluble in water, freely soluble in alcohol and in
methylene chloride.

mp
About 152°C, with decomposition.

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison loperamide oxidemonohydrate CRS.

TESTS
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.

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 220 run.

Injection 10 JlL.
Relative retention With reference to loperamide oxide
(retention time = about 7 min): impurity A = about 0.9;
impurityB = about 1.11; impurity C = about 1.13.

System suitabiliOJ Reference solution (a):
- resolution: minimum 3.8 between the peaks due to

loperamide oxide and impurity A.

Limits:
- impurities A .. B, C: for each impurity, not more 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
o.s 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).

Water (2.5.12)
3.4 per cent 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.

ASSAY
Dissolve 0.350 gin 50 mL of a mixture of 1 volume of
anhydrous acetic acidR and 7 volumes of methylethylketone R.
Titrate with 0.1 M perchloric acidusing 0.2 mL of
naphtholbenzein solution R as indicator.

1 mL of 0.1 M perchloric acid is equivalent to 49.30 mg
of C29H33CIN203'

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C.
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A. 4- [4-(4-chloropheny1)-4-hydroxypiperidin-1-yl]-N,N
dimethyl-2,2-diphenylbutanamide (loperamide),

PhEur _

DEFINITION
(2S)-N-[(1S,3S,4S)-1-Benzyl-4-[[2-(2,6-
dimethylphenoxy)acetyl]amino] -3-hydroxy-5-phenylpentyl]-3
methyl-2-[2-oxotetrahydropyrimidin-1 (2H)-yl]butanamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white, slightly hygroscopic powder.

Solubility
Practically insoluble in water, very soluble in methanol and in
methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lopinavir CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanolR, evaporate to dryness and
record new spectra using the residues.

_____________________ PhEur

B. 4- [czS-4-(4-chlorophenyl)-4-hydroxy-1-oxidopiperidin-1
yl]-N,N-dimethyl-2,2-diphenylbutanamide,

TESTS
Specific optical rotation (2.2.7)
-27.0 to -22.0 (anhydrous substance).

Dissolve 0.200 g in methanolR and dilute to 25.0 mL with
the same solvent.

Related substances
A. Liquid chromatography (2.2.291.

Solvent mixtureracetonitriieR1, waterR (50:50 VIV).

Phosphate buffersolution Dissolve 0.9 g of dipotassium
hydrogen phosphate Rand 2.7 g of potassium dihydrogen
phosphate R in 900 mL of waterR and mix well. Adjust to
pH 6.0 with phosphoric acid R, dilute to 1000mL with
water R and filter.

Test solution (a) Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 rnL 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 mixture.

Reference solution (b) Dilute 5.0 rnL of test solution (b) to

250.0 mL with the solvent mixture.

Reference solution (c) Dissolve 2.5 mg of lopinavir for system
suitability CRS (containing impurities A, B, C, F, G, I, N,
Q, R, Sand T) in the solvent mixture and dilute to 5.0 mL
with the solvent mixture.

Reference solution (d) Dissolve 2.5 mg of lopinavirfor peak
identification CRS (containing impurities D and 0) in the
solvent mixture and dilute to 5.0 mL with the solvent
mixture.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (4 urn);
- temperature: 50 "C.

192725-17-0629

CI

(Ph. Bur. monograph 2615)

Action and use
Protease inhibitor; antiviral (HIV).

c. 4-[4-(4-chlorophenyl)-3,6-dihydropyridin-1 (2H)-yl] -N,N
dimethyl-2,2-diphenylbutanamide.

Lopinavir
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Mobile phase:
- mobile phaseA: acetonitrile Rl, phosphate buffer

solution (45:55 V/V);
- mobile phaseB: phosphate buffer solution,

acetonitrile Rl (25:75 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VfV) (per cent VfV)

0-60 100 a
60 - 61 100 --> a a --> 100

61 - 81 a 100

Flow rate 1.0 mlImin.

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 lopinavir for system suitability CRS and the chromatogram
obtained with reference solution (c) to identify the peaks due
to impurities A, BJ'C, F, G, I and N; use the chromatogram
supplied with lopinavir for peak identification CRSand the
chromatogram obtained with reference solution (d) to
identify the peakdue to impurity D.

Relativeretention 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 suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurities F and G.

Calculation of percentage contents:
- 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:
- impurities BJ I: for each impurity, maximum

0.2 per cent;
- impurities A J CJ D, FJ G: for each impurity, maximum

0.15 per cent;
- 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 V/V).
Run time 8.3 times the retention time of lopinavir.

Identification of impurities Use the chromatogram supplied
with lopinavirfor system suitability CRS and the 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 obtained with reference solution (d) to
identify the peak due to impurity 0.

Lopinavir 11-137

Relativeretention r (not rG) with reference to lopinavir
(retention time =about 6 min): impurity N =about 1.4;
impurity 0 =about 1.5; impurity Q = about 4.4;
impurity R = about 6.0; impurity S = about 7.1;
impurity T = about 8.5.

Systemsuitability Reference solution (c):
- resolution: minimum 3.0 between the peaks due to

impurities S and T.

Calculation of percentage contents:
- for impurity 0, multiply the peak area by the

correction factor 1.3;
- for impurity Q, multiply the peak area by the

correction factor 0.7;
- for each impurity, use the concentration of lopinavir in

reference solution (b).

Limits:
- impurities OJ Q, RJ T: for each impurity, maximum

0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- reporting threshold: 0.05 per cent; disregard any peak

eluting before and including impurity N;
- totalof all impurities eluting before and including

impurityN in testA and afterimpurity N in test B:
maximum 0.7 per cent.

Water
(2.5.12): maximum 4.4 per cent, determined on 0.250 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 test A for
related substanceswith the following modifications.

Mobile phase Mobile phase A.

Infection Test solution (b) and reference solution (a).

Run time 1.6 times the retention time of lopinavir.

Calculate the percentage content of C37H48N40S taking into
account the assigned content of lopinavir CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities AJ BJ CJ DJ FJ GJ IJ OJ Q, RJ T.
Otherdetectable impurities (thefollowing substances toould, 1f
present at a sufficient leuel, 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 identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) EJ HJ JJ K, LJ MJN,
PJ S.

A. (2S)-N- [(1S,3S,4S)-1-benzyl-4-amino-3-hydroxy-5
phenylpentyl]-3-methyl-2- [2-oxotetrahydropyrimidin-1
(2H)-yl]butanamide,
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B. (2S)-N- [(1S,3S,4S)-1-benzyl-4-(formylamino)-3-hydroxy
5-phenylpentyl]-3-methyl-2-[2-oxotetrahydropyrimidin-l
(2H)-yl] butanamide,

C. (2R)-N-[(lS,2S,4S)-1-benzyl-2-hydroxy-4-[[(2S)-3
methyl-2- [2-oxotetrahydropyrimidin-l (2H)-yl]butanoyl]
amino]-5-phenylpentyl]-3-methyl-2-[2
oxotetrahydropyrimidin-l(2H)-yl] butanamide,

D. (lR,3R)-I-[(IR)-I-[[2-(2,6-dimethylphenoxy)
acetyl]amino]-2-phenylethyl]-3-[[(2R)-3-methyl-2-[2
oxotetrahydropyrimidin-I(2H)-yl]butanoyl]amino]-4
phenylbutyl hydrogen sulfate,

E. N-[(IS,2S,4S)-4-amino-l-benzyl-2-hydroxy-5
phenylpentyl]-2-(2,6-dimethylphenoxy)acetamide,

F. N-[(IS,2S,4S)-I-benzyl-4-(formylamino)-2-hydroxy-5
phenylpentyl]-2-(2,6-dim.ethylphenoxy)acetamide,

2020

Ci.N-[(IS,2S,4S)-(4-acetylamillo)-1-benzy~2-hydroxy-5

phenylpentyl]-2-(2,6-dimethylphenoxy)acetamide,

H. N-[(IS)-I-[(4S,6S)-4-benzyl-2-oxo-I,3-oxazinan-6-yl]-2
phenylethyl]-2-(2,6-dimethylphenoxy)acetamide,

1. (2S)-N- [(fS,i~4.S)--I-benzyl-4-[[2-(2,6
dimethylphenoxy)acetyl]amino] -2-hydroxy-5
phenylpentyl]-3-methyl-2-[2-oxotetrahydropyrimidin-1
(2H)-yl]butanamide,

J. (2S)-N-[(IS,3S,4S)-I-benzyl-4-[[2-(2,4
dimethylphenoxy)acetyl]amino]-3-hydroxy-5
phenylpentyl]-3-methyl-2-[2-oxotetrahydropyrimidin-1
(2H)-yl] butanamide,

K. (2R)-N-[(IS,3S,4S)-I-benzyl-4-[[2-(2,6
dimethylphenoxy)acetyl]amino]-3-hydroxy-5
phenylpentyl]-3-methyl-2-[2-oxotetrahydropyrimidin-1
(2H)-yl] butanamide,
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L. N,N' -(Z)-ethene-l,2-diyIbis[2-(2,6
dilnethylphenoxy)acetnxUde],

M. (2S)-N-[(IR,3R,4S)-I-benzyI-4-[[2-(2,6-dimethylphenoxy)
acetyljamino]-3-hydroxy-S-phenylpentyl]-3-methyl-2-[2
oxotetrahydropyrimidin-I (2H)-yI] butanamide,

N. (2S)-N-[(IS,3R,4S)-1-benzyl-4-[[2-(2,6
dimethylphenoxy)acetyl] amino]-3-hydroxy-5
phenylpentyl]-3-methyl-2-[2-oxotetrahydropyrimidin-1
(2H)-yl]butanamide, ,

O. (IS,3S)-1-[(1S)-1-[[2-(2,6-dimethylphenoxy)
acetyl]amino] -2-phenylethyl]-3- [[(2S)-3-methyl-2-[2
oxotetrahydropyrimidin-l (2H)-yI] butanoyl] amino]-4
phenylbutyl (2S)-3-methyl-2-[2-oxotetrahydropyrimidin-l
(2H)-yl]butanoate,

P. (2S)-N-[(lR,3S,4S)-I-benzyl-4-[[2-(2,6
dimethylphenoxy)acetyl] amino]-3-hydroxy-5
phenylpenryl]-3-methyl-2-[2-oxotetrahydropyrimidin-l
(2H)-yl]butanamide,

Lopinavir 11-139

n
(YCH' H ':) O. CH3

YO"YN~~~O~
CH3 O' \HH OH ~

<::::> H,C

Q. N-[(lS,2S,4S)-1-benzyl-4-[[2-(2,6
dimethylphenoxy)acetyl] amino] -2-hydroxy-5
phenylpentyl]-2-(2,6-dilnethylphenoxy)acetamide,

R. (2S)-N-[(lS,3S,4S)-1-benzyl-4-[[2-(2,6
dimethylphenoxy)acetyl] amino] -3-hydroxy-5
phenylpentyl]-2-[3-[2-(2,6-dilnethylphenoxy)acetyl]-2
oxotetrahydropyrimidin-l (2H)-yl] -3-methylbutanamide,

S. (IS,3S)-1-[(IS)-1-[[2-{2,6-dimethylphenoxy)
acetyl]amino]-2-phenylethyl]-3-[[(2S)-3-methyl-2-[2
oxotetrahydropyrimidin-l (2H)-yl] butanoyl] amino]-4
phenylbutyl 2-(2,6-dimethylphenoxy)acetate,

T. N,N'-bis[(lS,3S,4S)-1-benzyl-4-[[2-(2,6
dimethylphenoxy)acetyl] amino] ...3-hydroxy-5-phenylpentyl]
urea.

__________________ PhEur
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DEFINITION
Loprazolam Mesilate is (Z)-6-(2-chlorophenyl)-2,4-dihydro
2-(4-methylpiperazin-l-ylmethylene)-8-nitroimidazo [1,2-a]
[1,4]benzodiazepin-l-one methanesulfonate mono-hydrate.
It contains not less than 98.5% and not more than 101.0%
of C23H21ClN603,CH403S, calculated with reference to the
dried substance.

TESTS
N-methylpiperazine
Carry out the method for thin-layer chromatography,
Appendix III A, using the following solutions in a mixture of
equal volumes of chloroform and methanol.
(1) 2.0% w/v of the substance being examined.

(2) 0.0050% w/v ofN-methylpiperazine.

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 ul, of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, allow it to dry in air, heat at
110° for 15 minutes and spray with a mixture of 50 volumes
of a 2% w/v solution of potassium iodide and 1 volume of a
10% w/v solution of chloroplatinicitv) acid.

MOBILE PHASE

2 volumes of 13.5M ammonia, 20 volumes of methanol and
80 volumes of chloroform.

UMITS

Any spot corresponding to N -methylpiperazine in the
chromatogram obtained with solution (1) is not more intense
than the spot in the chromatogram obtained with solution (2)
(0.25%).

Related substances
Carry out the method for thin-layer chromatograp~,

Appendix ill A, using the following solutions in a mixture of
8 volumes of water, 46 volwnes of chloroform and 46 volwnes
of methanol.
(1) 2.0% w/v of the substance being examined.

(2) 0.0020% w/v of the substance being examined.

(3) 0.010% w/v of 6-(2-chlorophenyl)-2,4-dihydro-2
[(dimethylamino) methylenel-8-nitroimidazo[1~2-al [1~41
benzodiazepin-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, allow to dry in air, heat the
plate at 100° to 105° for 1 hour and use with the flow of
mobile phase in the same direction as that used for the
pretreatment.

(b) Use the mobile phase as described below.

(c) Apply 10 j.lL of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, allow it to dry in air, spray the
plate with a 5% w/v solutionof titanium(m) chloride in a
solution of hydrochloric acid containing 10% wlv of HCI and
then spray with a solution containing 0.4 g of 4-dimethyl
aminocinnamaldehyde in a mixture of 20 mL of 6M
hydrochloric acidand 100 mL of ethanol (96%). Heat at i 00°
until spots appear (about 10 minutes).

MOBILE PHASE

20 volumes of methanol and 80 volumes ofi1doroJorm.

UMITS

Any spot corresponding to impurity A in the chromatogram
obtained with solution (1) is not more intense than the spot
in the chromatogram obtained with solution (3) (0.5%) and
any other secondary spotis not more intense than the spot in
the chromatogram obtained with solution (2) (0.1%).

Loss on drying
When dried at 100° to 105° 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% v/v solution ofpropan-2
ol and titrate with 0.05Msodium hydroxide VS determining the
end point potentiometrically. Each mL of 0.051"I sodium
hydroxide VS is equivalent to 28.05 mg of C2~21CIN603'
CH403S.

70111-54-5579.1

Action and use
Benzodiazepine.

Preparation
Loprazolam Tablets

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. If a risk of
methanesulfonate ester formation is identified through risk
assessment, these impurities should not exceed the threshold
of toxicological concern.

CHARACTERISTICS
A yellow, crystalline powder.

Slightly soluble in waterand in ethanol (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 205).
B. The lightabsorption, Appendix II B, in the range 210 to
370 nm of a 0.001 % w/v solution in ethanol (96%) exhibits a
maximwn at 330 nm and a shoulder at 240nm.
The absorbance at the maximum is about 0.7.

Loprazolam Mesilate
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IMPURITIES

A. 6-(2-chlorophenyl)-2,4-dihydro-2-[(dimethylamino)
methylene] -S-nitroimidazo[1,2-a] [1,4]benzodiazepin-l
one; dimethylamino analogue.

B. N-methYlpiperazine.

Loratadine
(Ph. Bur. monograph 2124)

Loratadine 11-141

TESTS
Appearance ofsolution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BYs (2.2.2~ Method II).

Dissolve 1.0 g in methanol R and dilute to 20.0 mL with the
same solvent.

ImpurityH
Gas chromatography (2.2.28).

Internal standardsolution Dissolve 25 mg of isoamyl
benzoate R in meth;ylene chloride R and dilute to 100 mL with
the same solvent. Dilute 5.0 mL of this solution to 50 mL
with methylene chlaride R.
Testsolution Dissolve 25.0 mg of the substance to be
examined in meth;ylme chloride R, add 1.0 mL of reference
solution (a) and 1.0 m.Lof the internal standard solution and
dilute to 5.0 mL with methylene chloride R.
Reference solution (aJ Dissolve 25.0 mg of loratadine
impurity H CRS in ~lene 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: l = 25 m, 0 =0.32 rnm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.52 um),

Carrier gas heliumfor chromatography R.

Flow rate 1.0 mUmin.

Split ratio 1:30.

Temperature:

382.9 79794-75-5
TJDle
(min)

Temperature
CC)

Action and use
Histamine HI receptor antagonist; antihistamine.

Preparation
Loratadine Tablets

Column

Injection port

Detector

0-1

1- 23

23 -33

80

80 ~ 300

300

260

300

PhEur ---,- _

DEFINITION
Ethyl 4-(S-chloro-5,6-dihydro-l1H-benzo[5,6]cyclohepta[1,2
b]pyridin-11-ylidene)piperidine-1-carboxylate.

Content
9S.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in 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 state show differences,
dissolve the substance to be examined and the reference
substance separately in acetone R, evaporate to dryness and
record new spectra using the residues.

Detection Flameionisation.

Injection 1 JlL of the test solution and reference solution (b).

Relative retention With reference to loratadine (retention
time = about 32 min): impurity H = about 0.33; isoamyl
benzoate =about 0.37.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity H and isoamyl benzoate;
- signal-to-noise ratio: minimum 10 for the peak due to

impurity H.

Limit:
- impurityH: calculate the ratio (R) of the area of the peak

due to impurity H to the area of the peak due 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 the peak due to isoamyl
benzoate: this ratio is not greater than twice R
(0.1 per cent).

Related substances
Liquid chromatography (2.2.29).
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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) Dissolve 5 mg of loratadine
impun'tyF CRS in the mobile phase and dilute to 25 mL
with the mobile phase. Dilute 1 mL of this solution to
10 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of loratadine for system
suitabilt"ty 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
solution to 10.0 mL with the mobile phase.

Column:
- size: 1=0.25 m, (2) =4.6 nun;
- stationary phase: spherical end-capped oetadecylsilyl silica gel

for chromatography R (5 um) with very low silanol activity;
- temperature: 40 "C.

Mobile phase Mix 30 volumes of methanol R,35 volumes of
a 6.8 gIL solution of potassium dihydrogen phosphate R
previously adjusted to pH 2.80 ± 0.05 with phosphoric add R
and 40 volumes of acetonitrile R.

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 220 nm..
Injection 20 ul, of the test solution and reference
solutions (b) and (c).

Run time 5 times the retention time of loratadine.

Identification of impurities Use the chromatogram supplied
with loratadine for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and E.

Relativeretention 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 suitabtlity Reference solution (b):
- peak-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
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;

- impurityF: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (c) (0.2 per cent);

- 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 (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 (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 obtained with reference solution (c)
(0,05 per cent).

2020

Sulfates (2.4.13)
Maximum 150 ppm.

Ignite 1.33 g at 800 ± 25°C and take up the residue with
20 mL of distilled water R. 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)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 gin 50 mL of glacialacetic add R. Titrate
with 0.1 M perchloric add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 38.29 mg
of CZZHz3CINZOZ'

IMPURITIES
Specified impurities A, B, C, D, E, F, H.

Otherdetectable impurities (thefollowing 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 other/unspecified 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) G.

CI

and enantiomer

A. ethyl 4-[ (11RS)-8-chloro-11-hydroxy-6,11-dihydro-5H
benzo[5,6]cyc1ohepta[1,2~b]pyridin-11-yl]piperidine-1

carboxylate,

B. 8-chloro-5,6-dihydro-11H-benzo[5,6]cyc1ohepta[1,2-b]
pyridin-l l-one,

C. ethyl 4-(4,8-dichloro-5,6-dihydro-11H-benzo[5,6]
cyclohepta[1,2-b]pyridin-11-ylidene)piperidine-1
carboxylate,
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Cl~~.. NH

~ N
~

~

D.8-chloro-11-(piperidin-4-ylidene)-6,11-dihydro-5H-benzo
[5,6]cydohepta[1,2-b]pyridine,

CI

and enantiomer

E. ethyI4-[(llRS)-8-chloro-6,11.;.dihydro-5H-benzo[5,6]
cyclohepta'[I ,2'::b]pyridin-11-yl]-3,6-dihydropyridine-l
(2H)-garb8xylate,

Lorazepam
(ph. Eur. monograph 1121)

CI~'I ~5~H andenantiomer

¥ ' CI
.--:::;

321.2

Action and use
Benzodiazepine.

Preparations
Lorazepam Injection

Lorazepam Oral Solution

Lorazepam Oral Suspension

Lorazepam Tablets

846-49-1

PhEur _

and enantiomer

o

oDAO/'-.CH'

H. ethyl 4-oxopiperidine-l-earboxylate.

G. 8-chloro-11-(1-methylpiperidin-4-ylidene)-6, 11-dihydro
5H-benzo[5,6] cyclohepta[1,2-b]pyridine,

F. ethyl 4-[(11RS)-8-chloro-11-fluoro-6,ll-dihydro-5H
benzo [5,6]cyclohepta[l,2-b]pyridin-l1-yl] piperidine-l
carboxylate,

DEFINITION
(3RS)-7-Chloro-5-(2-chlorophenyl)-3-hydroxy-1,3-dihydro
2H-1,4-benzodiazepin-2-one.

Content
98.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almos.t.~~.~~,~rystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent), sparingly soluble or slightly soluble in
methylene chloride.

It shows polymorphism (5.9).

IDENI1FICATION
Infrared absorption spectrophotometry (2.2.24).

Spectral range 600-2000 cm",

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 be
examined in 25 mL of acetonitrile R1 and dilute to 50.0 mL
with waterR.

___________________ Ph fur Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with a mixture of equal volumes of acetonitrile R1
and waterR. Dilute 1.0 mL of this solution to 10.0 mL with
a mixture of equal volumes of acetonitrile R1 and waterR.
Reference solution (b) Dissolve the contents of a vial of
lorazepam for system suitabt7ity CRS (containing impurities B
and D) in 1.0 mL of a mixture of equal volumes of
acetonitrile R1 and waterR.
Reference solution (c) Dissolve 4.0 mg of lorazepam
impurityD CRS in 25 mL of acetonitrile R1 and dilute to
50.0 mL with water R. Dilute 1.0 mL of this solution to
100.0 mL with a mixture of equal volumes of acetonitrile R1
and waterR.
Column:
- size:1= 0.25 m, 0 = 4.6 mm;
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- stationary phase: spherical end-capped octadecylsilyl silica gel
for chromatography R (5 11m) resistant to bases up to
pH 11.5.

Mobile phase:
- mobile phaseA: dissolve 3.48 g of dipotassium hydrogen

phosphate R in a mixture of 50 mL of acetonitrile R1 and
850 mL of waterR; adjust the apparent pH to 10.5 with a
40 gIL solution of sodium hydroxide R and dilute to
1000 mL with waterR;

- mobile phaseB: acetonitrile R1;

Time Mobile phase A Mobile phase B
(min) (per cent VjJl) (per cent VIJ0

0-5 80 20

5 - 35 80 -l> 30 20 -l> 70

35 - 50 30 70

50 - 60 30 -l> 80 70 -l> 20

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 235 nm.

Injection 20 JlL.

Relative retention With reference to lorazepam (retention
time =about 17 min): impurity D =about 0.9;
impurity B = about 1.1.

System suitability Reference solution (b):
- resolution: minimum 4.5 between the peaks due to

impurity D and lorazepam;
- peak-to-valley ratio: minimum 5.0, where H, =height

above the baseline of the peak due to impurity B and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
lorazepam.

Limits:
- impurz"ty B: not more than the area of the principal peak in

the chromatogram obtained with reference solution (a)
(0.1 per cent);

- impurz"ty D: not more than the area of the principal peak
in the chromatogram obtained with 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);

- 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).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g under high
vacuum at 105 DC.

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

ASSAY
Dissolve 0.250 gin 30 mL of dimethylfonnamide R. Titrate
with 0.1 M tetrabutylammonium hydroxide, determining the
end-point potentiometrically (2.2.20). Protect the solution
from atmospheric carbon dioxide throughout the titration.

1 mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 32.12 mg of ClsHlOClzNzOz.

IMPURITIES
Specified impurities B, D.

2020

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
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 pharmaceutical use) A, C, E.

~
NH2

~ I 0
CI

~ CI

1#

A. (2-amino-5-chlorophenyl) (2-chlorophenyl)methanone,

CI~' I ~><N~.~yoCH
3

and enantiomer

1 ' CI
.,&::.

B. (3RS)-7 -chloro-5-(2-chlorophenyl)-2-oxo-2,3-dihydro-1H
1,4-benzodiazepin-3-yl acetate,

--_ Ci0i..:I ~):
1 ' CI

.,&::.

C. 7-chloro-5-(2-chlorophenyl)-1,3-dihydro-2H-1,4
benzodiazepin-2-one 4-oxide,

H-<;
CI4?'I N NH 0 and enantlorner

H'
~ CI

1#

D. (5RS)-7 -chloro-5-(2-chlorophenyl)-4,5-dihydro-1H-1,4
benzodiazepine-2,3-dione,

CI

E. 6-chloro-4-(2-chlorophenyl)quinazoline-2-carbaldehyde.
_____________________ PhEur
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Lormetazepam

CI

B. (Yacetyl-Ionnetazepam,

CI

A. 2-methylamino-2',5-dichlorobenzophenone,

orthophosphate and 0.633 g of disodium hydrogen orthophosphate
in sufficient water to produce 1000 mL.

SYSTEM SUITABILITY

The test is not valid unless the resolution factor between the
two principal peaks in the chromatogram obtained with
solution (5) is at least 4.

LIMITS

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 with solution
(2) (0.2%);

not more than two such peaks have an area greater than the
area of the principal peak in the chromatogram obtained with
solution (3) (0.1 %);

the sum of the areas of all such peaks is not greater than
2.5 times the area of the principal peak obtained with
solution (2) (0.5%).

Loss on drying
When dried to constant weight at 105° for 3 hours, loses not
more 1.0% of its weight. Use 1 g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 0.5 gin 50 mL of nitroethane and carry out
Method I for non-aqueous titration, Appendix VIII A,
determining the end point potentiometrically. Each mL of
O.lM perchloric acid VS is equivalent to 33.52 mg of
Cl~lZClzNzOz.

STORAGE
Lormetazepam .should.be protected from light.

IMPURITIES

848-75-9335.2

and enantiomer

CI

IDENTIFICATION
A. The infraredabsorption spectrum, Appendix II A, is
concordant with the reference spectrum of lonnetazepam
(RS 207). I

B. In the test for Related substances, the chromatogram
obtained with solution (2) shows a peak with the same
retention time as the principal peak in the chromatogram
obtained with solution (4).

TESTS
Related substances
Carry out the method for liquidchromatography,
Appendix III D, using the following solutions in methanol
(70%).

(1) 0.25% w/v of the substance being examined.

(2) 0.0005% w/v of the substance being examined.

(3) 0.00025% w/v of the substance being examined.

(4) 0.0005% w/v of lormetaeepam BPCRS.

(5) 0.00025% w/v each of lormetazepam BPCRS and
lorazepam BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (20 em x 4.6 mm) packed
with end-capped octadecylsilyl sz1ica gelfor chromatography
(5 11m) (Hypersil ODS is suitable).

(b) Use isocratic elution 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.

(f) Inject 20 ul, of each solution.

MOBILE PHASE

48 volumes of methanoland 52 volumes of a phosphate
buffer prepared by dissolving 4.91 g of sodium dihydrogen

DEFINITION ..
Lormetazepam 1s.(RS)-7-chloro-5-(2-chlorophenyl)-1,3
dihydro-3-:-hydroxy-l-methyl-1,4-benzodiazepin-2-one.
It contains not less than 99.0% and not more than 101.0%
of C16HIZClzNzOz, calculated with reference to the dried
substance.

CHARACTERISTICS
A white, crystalline powder.

Practically insoluble in water, soluble in ethanol (96%) and in
methanol.

Action and use
Benzodiazepine.

Preparation
Lormetazepam Tablets
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PhEur _

Losartan Potassium

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIV)

0-5 75 25

5 - 30 75 --+ 10 25 --+ 90

30 - 40 10 90

Reference solution (a) Dilute 1.0 rnL of the test solution to
100.0 rnL with methanol R. Dilute 1.0 rnL of this solution to
10.0 rnL with methanol R.

Reference solution (b) Dissolve 6 mg of triphenylmethanol R
(impurity G) in 100.0 rnL of methanolR. Dilute 1.0 rnL of
the solution to 100.0 rnL with methanolR. Use 1.0 rnL 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 (c) Dissolve 3.0 mg of losartan
impurityD CRS in methanol R and dilute to 100.0 rnL with
the same solvent. Dilute 1.5 mL of this solution to 100.0 rnL
with methanol R.

Column:
- size: l = 0.25 m, 12' = 4.6 mm;
- stationary phase: end-capped oaadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 3S 0<:'
Mobilephase:
- mobile phaseA: dilute 1.0 mL of phosphoric add R to

1000 rnL with waterR;
- mobile phaseB: acetonitrile R1;

Flow rate 1.3 rnIJmin.

Detection Spectrophotometer at 220 nm.

Injection 10 J-LL.--"-----
Identification of impurities Use the chromatogram supplied
with losartan for system suz'tabz1z'ty CRS and the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities G, J, K, Land M; use the chromatogram
obtained with reference solution (c) to identify the peak. due
to impurity D.

Relativeretention With reference 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 1.75;
impurity G = about 1.8.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 2.0, where Hp = height

above the baseline of the peak due to impurity M and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity G.

Limits:
- impurity D: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.15 per cent);

- impurities 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);

- 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);

124750-99-8461.0

(Ph. Bur. monograph 2232)

Action and use
Angiotensin IT (AT1) receptor antagonist.

Preparation
Losartan Potassium Tablets

C:. 7-ctuoro-1-methyl-5-(2-cb1orophenyn-4,5~ydro-2
H-1,4-benzodiazepin-2,3-(1H)-dione.

Cl

DEFINITION
Potassium 5-[4'-[[2-butyl-4-chloro-5-(hydroxymethyl)-IH
irnidazol-1-yl]methyl]biphenyl-2-yl]tetrazol-1-ide.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder, hygroscopic.

Solubility
Freely soluble in water and in methanol, slightly soluble in
acetonitrile.

It shows polymorphism (5.9).

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison losartan potassiumCRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanolR, evaporate to dryness and
record new spectra using the residues.

B. Dissolve 25 mg in 3 rnL of waterR. 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 solution Dissolve 30.0 mg of the substance to be
examined in methanolR and dilute to 100.0 rnL with the
same solvent.
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- 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 (2.2.3ZJ;
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

ASSAY
Dissolve 0.200 gin 75 mL of anhydrous acetic acidRand
sonicate for 10 min. Carty out a potentiometric titration
(2.2.20) using 0.1 M perchJmic acid.

1 mL of 0.1 M perchl.oric acid is equivalent to 23.05 mg
of C22H22CIKN60.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities D, 1, K, L, M.
Otherdetectable impurities (1:he following substances 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/orby the general
monographSubstances for pharmaceutical use (2034). It is
therefore not necessary to iJkntify these impurities for
demonstration of compl.iance. See also 5.10. Control of impurities
in substances for pharmaanlliJ;al use) B, C, E, F, G, H, I.

N=N, \

VC
' HNAo'-N

HO I, ,
~I

F. 5-[4'-[[2-butyl-4-chloro-5-[[(1-methylethyl)oxy]methyl]
IH-imidazol-l-yl]methyl] biphenyl-2-yl]-lH-tetrazole,

OH

G. triphenylmethanol,

H. [2-butyl-4-chloro-l-[[2'-[2-(triphenylmethyl)-2H-tetrazol
5-yl]biphenyl-4-yl]methyl]-lH-imidazol-5-yl]methanol,

J. [2-butyl-4-chloro-l-[[2'-(lH-tetrazol-5-yl)biphenyl-4-yl]
methyl] -lH-imidazol-5-yl]methyl acetate,

1. 5-[4'-[[2-butyl-4-chloro-5-[[(triphenylmethyl]oxy]methyl]
IH-imidazol-l-yl] methyljbiphenyl-z-yll-Us-tetrazole,

. OHC

CI--!'NHN=( .
'----LCH3

C. [2-butyl-5-chloro-I-[[2'-(lH-tetrazol-5-yl)biphenyl-4-yl]
methyl] -lH-imidazol-4-y1]methanol,

D. 2-butyl-4-chloro-lH-imidazole-5-carbaldehyde,

CI N=N
I \1-.. HN Ao'-Nr-( N ,

HO N~ ~~ I ,
~CH3~ I

B. [2'-(lH-tetrazol-5-y1)biphenyl-4-yl]methanol,

E. 5-(4'-methylbiphenyl-2-yI}-IH-tetrazole,

K. 2-butyl-4-chloro-l-[[2'-(lH-tetrazol-5-yl)biphenyl-4-yl]
methyl] -lH-imidazol-5-carbaldehyde,
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Content
97.0 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, sparingly
soluble in anhydrous ethanol.

IDENfIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lovastatin CRS.

TESTS
Specific optical rotation (2.2.7)
+ 325 to + 340 (dried substance).

Dissolve 0.125 g in acetonitrile R and dilute to 25.0 mL with
the same solvent.

Impurity E
Liquid chromatography (2.2.29).

Testsolution Dissolve 25 mg of the substance to be
examined in acetonitrile R1 and dilute to 25.0 mL with the
same solvent.

Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with acetonitrile R1. Dilute 5.0 mL of this solution
to 50.0 mL with acetonitrile R1.

Reference solution (b) Dissolve 4 mg of lovastatin for peak
identification CRS (containing impurities A, B, C, D, E and
F) in acetonitrile R1 and dilute to 10.0 mL with the same
solvent.

Column:
- size: 1= 0.25 m, 0 = 4.6 mID;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 40 "C.

Mobile phase Mix 7 volumes of a 1.1 gIL solution of
phosphoric acidR and 13 volumes of acetonitrile R1.

Flow rate 1.5 mllmin.

Detection Spectrophotometer at 200 nm.
Injection 10 J1L.
Run time 3 times the retention time of lovastatin.

Identification 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.

Relative 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 peaks due to

lovastatin and impurity E.

Limit:
- correction factor. for the calculation of content, multiply the

peak area of impurity E by 1.6;
- impurity B: 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
examined in acetonitrile R and dilute to 50.0 mL with the
same solvent.

75330-75-5404.5

(Ph. Bur Monograph 1538)

Action and use
HMG Co-A reductase inhibitor; lipid-regulating drug.

DEFINITION
(lS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-Hydroxy-6
oxotetrahydro-2H-pyran-2-yl]ethyl]-3,7-dimethyl
1,2,3,7,8,8a-hexahydronaphthalen-l-yl (2S)-2
methylbutanoate.

PhEur _

Lovastatin

___________________ PhEur

L. [2-butyl-l-[[2'-[1-[[2-butyl-4-chloro-l-[[2'-(lH-tetrazol-5
yl)biphenyl-4-yl]methyl]-IH-imidazol-5-yl]methyl]-IH
tetrazol-5-yl]biphenyl-4-yl] methyl]-4-chloro-lH-imidazol
5-yl]methanol,

M. [2-butyl-l-[[2'-[2-[[2-butyl-4-chloro-l-[[2'-(IH-tetrazol-5
yl)biphenyl-4-yl]methyl] -IH-imidazol-5-yl]methyl]-2H
tetrazol-5-yl]biphenyl-4-yl]methyl]-4-chloro-lH-imidazol
5-yl]methanol.
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Reference solution (a) Dissolve 20.0 mg of lovastatin CRS in
acetonitrile R and dilute to 50.0 mL with the same solvent.

Reference solution (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 (c) Dissolve 4 mg of louastatin for peak
identification CRS (containing impurities A, B, C, D, E and
F) in acetonitrile R and dilute to 10.0 mL with the same
solvent.

Column:
- size: 1= 0.25 m, (2) = 4.6 rom;
- stationary phase: octylsilyl silicagelfor chromatography R

(5 jl111).

Mobzle phase:
- mobile phase A: 0.1 per cent V/V solution ofphosphoric

acid R;
- mobile phase B: acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-7 40 60

7-9 40 -+ 35 60 .... 65

9 - 15 35 -+ 10 65 .... 90

15 - 20 10 90

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 238 nm.

Injection ' 10 ul, of the test solution and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with lovastatin for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B, C, D and F.

Relative retention 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 (c):
- peak-to-valley ratio: 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
curve separating this peak from the peak due to lovastatin.

Limits:
- impurities A J BJ CJ 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);

- impurityF: not 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).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
a desiccator under high vacuum at 60 "C for 3 h.

Lovastatin 11-149

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 content of C2~3605 from the declared content
of lovastatin CRS.

STORAGE
Under nitrogen, at a temperature of2 "C to 8 "C.

IMPURITIES
Specified impurities A, B, C, D, EJ F.

o

C;;H3~O
Hl(X:H..- H.... ····OH
I H H

.... 0 0

I "'H:(..- CH3
He'

3 H

A. (1S,7S,8S,8aR}-8-[2-[(2R,4R)-4-hydroxy-6-oxotetrahydro
2H-pyran-2-yl]ethyl]-7-methyl-1,2,3,7,8,8a
hexahydronaphthalen-I-yl (2S)-2-methylbutanoate
(mevastatin),

B. (3R,5R)-7 -I(1S,2S,6R,8S,8aR)-2,6-dimethyl.;.8- [[(2S)-2
methylbutanoyl]oxy]-1,2,6,7,8,8a-hexahydronaphthalen-1
yl]-3,5-dihydroxyheptanoic acid (hydroxyacid lovastatin),

C. (1S,3R, 7S,8S,8aR)-3,7-dimethyl-8-[2-[(2R)-6-oxo-3,6
dihydro-2H-pyran-2-yl]ethyl]-1,2,3,7,8,8a
hexahydronaphthalen-I-yl (2S)-2-methylbutanoate
(dehydrolovastatin),
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____________________ PhEur

(Ph. Bur. monograph 1654)

PhEur ....,-- _

Preparation
Lymecycline Capsules

DEFINITION
(2S)-2-Amino-6-[[[[[(4S,4aS,5aS,6S,12aS)-4
(dimethylamino)-3,6,10,12,12a-pentahydroxy-6-methyl-l,11
dioxo-l ,4,4a,5,5a,6,11, 12a-octahydrotetracen-2-yl]carbonyl]
amino]methyl]amino]hexanoic acid (reaction product of
formaldehyde, lysine and tetracycline).

Semi-synthetic product derived from a fermentation product.

Content
S1.0 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
Very soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Testsolution 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 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 demedocycline hydrochloride R and
5 mg of oxytetracycline hydrochloride R in methanol R and
dilute to 10 ml-with thesame solvent.

Plate TLC octadecylsilyl silica gelFZ54 plate R (2-10 urn).

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 2.0 with concentrated
ammonia R.

Application 2 IlL.
Development Over half of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 urn.

System su£tab£l.z"ty 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).

Testsolution Dissolve 50 mg of the substance to be
examined in 50 mL of waterR.
Reference solution (a) Dissolve 10 mg of lysine
hydrochloride CRS in waterR and 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 and dilute to
25 mL with the same solvent.

Plate TLC silica gelplateR.

. Mobile phase concentrated ammonia R, 2-propanol R
(30:70 V/V).

Application 5 IlL.
Development Over 3/4 of the plate.

992-21-2603

F. (1S,3R,7S, SS,SaR)-S-[2-[(2R,4R)-4-hydroxy-6
oxotetrahydro-2H-pyran-2-yl]ethyl]-3,7-dimethyl-
1,2,3,7,S,Sa-hexahydronaphthalen-l-yl (2Z)-2-methylbut
2-enoate.

OH 0 OHOHO 0 H :NH2

~IP'" I N .............N~C02H
H H H H

~
/ .... OH

HO CHs H N-CH3

HsC

D. (2R,4R)-2-[2-[(IS,2S,6R,SS,SaR)-2,6-dimethyl-S-[[(2S)
2-methylbutanoyl] oxy]-1,2,6,7,S,Sa-hexahydronaphthalen
l-yl] ethyl]-6-oxotetrahydro-2H-pyran-4-yl (3R,5R)-7-
[(1S,2S,6R,SS,SaR)-2,6-dimethyl-S-[[(2S)-2
methylbutanoyl] oxy]-1,2,6,7,S,Sa-hexahydronaphthalen-l
yl]-3,5-dihydroxyheptanoate (lovastatin dimer),

Action and use
Tetracycline antibacterial.

E. (lS,3S,4aR,7S,SS,SaS)-S-[2-[(2R,4R)-4-hydroxy-6
oxotetrahydro-2H-pyran-2-yl]ethyl]-3,7-dimethyl
1,2,3,4,4a,7,S,Sa-octahydronaphthalen-l-yl (2S)-2
methylbutanoate (4,4a-dihydrolovastatin),

Lymecycline
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2020

Drying At 100-105 °C until the ammonia disappears
completely.

Detection Spray with ninhydrinsolution R and heat at
100-105 -c for 15 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 1 mL of the distillate add
10 mL of chromotropic acid-sulfuric acidsolution R. A violet
colour is produced.

D. Specific optical rotation (see Tests).

TESTS
pH (2.2.3)
7.8 to 8.2.

Dissolve 0.1 g;in}O m.Lof carbon dioxide-free waterR.

Specific optical rotation (2.2.7)
-180 to -210 ,(anhydrous substance).

Dissolve 0;250g in toaserRand dilute to 50.0 mLwith 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 butyl acetate 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 hydrochloric acid.
Dilute 10.0 mL of this solution to 100.0 mL with 0.1 M
hydrochloric acid. The absorbance (2.2.25) measured at
355 nm 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 solutions
immediately before use.

Test solution Dissolve 0.125 g of the substance to be
examined in 5.0 mL of water R. Add 1.0 mL of a 40 gIL
solution of sodium metabisuqite 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 hydrochloric 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 hydrochloric acid and dilute to
25.0 mL with the same acid.

Reference solution (b) Dissolve 12.5 mg of 4-epitetracycline
hydrochloride CRS (impurity A) in 0.01 M hydrochloric acid
and dilute to 50.0 mL with the same acid.

Reference solution (c) Dissolve 10.0 mg of anhydrotetracycline
hydrochloride CRS (impurity C) in 0.01 M hydrochloric acid
and dilute to 100.0 mL with the same acid.

Reference soiution (d) Dissolve 10.0 mg of
4-epianhydrotetracycline hydrochloride CRS (impurity D) in
0.01 lV1 hydrochloric acid and dilute to 50.0 mL with the same
acid.

Lymecycline II-151

Reference solution (e) Mix 1 mL of reference solution (a),
2 mL of reference solution (b) and 5 mL of reference
solution (d) and dilute to 25 mL with 0.01 M hydrochloric
acid.
Reference solution (j) 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 hydrochloric
acid.

Column:
- size: l =0.25 m, (2) =4.6 rom;
..,.- stationary phase: styrene-divinylbenzene copolymer R (8 urn)

with a pore size of 10 run;
- temperature: 60 "C.
Mobile phase Weigh 80.0 g of 2-methyl-2-propanol Rand
transfer to a 1000 mL volumetric flask with the aid of
200 mL of waterR; add 100 mL of a 35 gIL solution of
dipotassium hydrogen phosphate R adjusted to pH 8.0 with
dilute phosphoric acidR, 200 mL of a 10 gIL solution of
tetrabutylammonium hydrogen sulfate R adjusted to pH 8.0
with dilute sodium hydroxide solution R, and 10 mL of a 40 gIL
solution of sodium edetate R adjusted to pH 8.0 with dilute
sodium hydroxide solution R; dilute to 1000.0 mL with
water R.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 254 run.

Injection 20 J.tL of the test solution and reference
solutions (e) and (t).

Run time 5 times the retention time of the principal peak in
the chromatogram obtained with the test solution.

Relative retention With reference to tetracycline (retention
time =about 8 min): impurity E =about 0.50;
impurity A = about 0.6; impurity F = about 0.68; impurity B
(eluting on the tail of the principal peak) = about 1.2;
impurity D =about 1.45; impurity G =about 1.45;
impurity C = about 2.95.

System suitabz1ity Reference solution (e):
- resolution: minimum 3.0 between the 1st peak (impurity A)

and the 2nd peak (tetracycline) and minimum 5.0 between
the 2n d peak and the 3rd peak (impurity D); adjust the
concentration of 2-methyl-2-propanol in the mobile phase
ifnecessary;

- SYmmetry factor. maximum 1.25 for the peak due to
tetracycline.

Limits:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (t) (5.0 per cent),

- impurity C: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (t) (1.0 per cent),

- impurities BJ EJ F: for each impurity, not more than
0.1 times the area of the peak due to impurity A in the
chromatogram obtained with reference solution (t)
(0.5 per cent),

- sum of impurities D and G: not more than the area of the
corresponding peak in the chromatogram obtained with
reference solution (t) (0.5 per cent),

- any other impurity: for each impurity, not more than
0.04 times the area of the peak due to impurity A in the
chromatogram obtained with reference solution (t)
(0.2 per cent),

- total: not more than 1.6 times the area of the peak due to
impurity A in the chromatogram obtained with reference
solution (t) (8.0 per cent),
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- disregard limit: 0.02 times the area of the peak due to
impurity A in the chromatogram obtained with reference
solution (t) (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.

SuHated 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).

System suitability:
- repeatability: maximum relative standard deviation of

1.0 per cent after 6 injections of reference solution (a).

Calculate the percentage content of tetracycline and multiply
it by 1.356 to obtain the percentage content of lymecycline.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A~ B~ C~ D~ B~ F, G,H.

A. (4RAaS,SaS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a
pentahydroxy-6-memyl-1,11-dioxo-l,4,4a,5,5a,6,11,12a
oetahydrotetracene-2-carboxamide (4-epitetracycline),

2020

D. (4R,4aS,12aS)-4-(dimethylamino)-3,10,11,12a
tetrahydroxy-6-methyl-1,12-dioxo-l,4,4a,5,12,12a
hexahydrotetracene-2-carboxamide
(4-epianhydrotetracycline),

E. unknown structure,

F. unknown structure,

G. (4S,4aS,5aS,6S,12aS)-7-chloro-4-(dimethylamino)
3,6,10,12,12a-pentahydroxy-6-methyl.... l,11-dioxo-
1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide
(chlortetracycline),

H. (4S,4aS,5aS;ciS;12aS)-4-(dimethylamino)-3,6,10,12,12a
pentahydroxy-6-methyl-l,ll-dioxo-l,4,4a,5,5a,6,11,12a
octahydrotetracene-2-carboxamide (tetracycline).

____________________ PhEur

Lynestrenol
(Ph. Bur. monograph 0558)

B. (4S,4aS,SaS,6S,12aS)-2-acetyl-4-(dimethylamino)
3,6,10,12,12a-pentahydroxy-6-methyl-4a,5a,6,12a
tetrahydrotetracene-l,11(4H,5H)-dione (2-acetyl-2
decarbamoyltetracycline),

CH
/fI

ditP.
CH3

.... OH
H H

~ ~
#

CzoHzsO 284.4

Action and use
Progestogen.

52-76-6

G. (4S,4aS,12aS)-4-(dimethylamino)-3,10,11,12a
tetrahydroxy-6-methyl-l,12-dioxo-l,4,4a,5,12,12a
hexahydrotetracene-2-carboxamide (anhydrotetracycline),

PhEur _

DEFINITION
19-Nor-17a.-pregn-4-en-20-yn-17-0l.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.
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Detection Flame ionisation.

Injection 1.0 J.tL.
Identification of impurities Use the chromatogram supplied
with lynestrenol for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band C.

Relatioe retention With reference to lynestrenol (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):
- peak-to-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
lynestrenol.

Solubility
Practically insoluble in water, soluble in acetone and in
ethanol (96 per cent).

IDENflFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison lynestrenol CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).
Dissolve 0.2 g in ethanol (96 per cent) R and dilute to 10 mL
with the same solvent.

Specific optical rotation (2.2.7)
-9.5 to -11 (dried substance).

Dissolve 0.900 g in ethanol (96 per cent) 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 ethyl ae,etate R and dilute to 25.0 mL with the
same solvent.

Reference solution (ei). Dilute 1.0 mL of the test solution to
100.0 mL with ethyl acetate R. Dilute 1.0 mL of this solution
to 10.0 mL with ethyl acetate R.
Reference solution (b) Dissolve 10 mg of lynestrenol for peak
identification CRS (containing impurities A, B and C) in
1.0 mL of ethylacetate R.
Column:
- material: fused silica;
- size: 1=50 m, 0 =0.32 mm;
- stationary phase: poly(dimethyl) (diphenyl)siloxane R (film

thickness 1.0 J.lID.).
Carner gas helium for chromatography R.

Flow rate 3.0 mUmin.
Split ratio 1:34.

Temperature:

Column

Injection port

Detector

Time
(min)

0-30

30 - 32

32 -42

Temperature
("C)

80 -> 230

230 -> 310

310

150

300

Limits:
- impurityA: not more than 3 times 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);

- 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 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 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.

ASSAY
Dissolve 0.150 gin 40 mL of tetrahydrofuran R and add
5.0 mL of a 100 gIL solution of silver nitrate R. Titrate with
0.1 M sodium hydroxide. Determine the end-point
potentiometrically (2.2.20), using a glass indicator electrode
and as comparison electrode a silver-silver chloride double
junction electrode with a saturated solution of potassium
nitrate R as junction liquid. Carry out a blank titration.

I mL of 0.1 M sodium hydroxide is equivalent to 28.44 mg of
C2oH2S0.

STORAGE
Protectedfrom-light,

IMPURITIES
Specified impurities A, C.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to idennfy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B.

CH

ctBP
CH3!

OH
H H

H H
~!

H

A. 19-nor-5ct,17ct-pregn-3-en-20-yn-17-01,

~
CH3?H CH

H H

H H
#

B. 19-norpregn-4-en-20-yn-17-01,
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C. 19-nor-17tX-pregna-4,20-dien-17-oi.

Appearance of solution _
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

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).

Testsolution (a) Dissolve 0.10 g of the substance to be
examined in waterR and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 1.0 mL of test solution (a) to 50 mL
with waterR.
Reference solution (a) Dissolve 10 mg of lysine acetate CRS in
waterR and dilute to 50 mL with the same solvent.

Reference solution (b) Dilute 5 mL of test solution (b) to
20 mL with waterR.

Reference solution (c) Dissolve 10 mg of lysine acetate CRS
and 10 mg of arginine CRS in waterR and dilute to 25 mL
with the same solvent.

Plate TLC silica gelplate R.

Mobile phase concentrated ammonia R, 2-propanol R
(30:70 VIV).

Application 5 J.1L.
Development Over 2/3 of the plate.

Drying At 100-105 °C until the ammonia has evaporated.

Detection Spray with ninhydrin solution R.and heat at
100-105 °C for 15 min.

System suitability Reference solution (c):
- the chromatogram shows 2 clearly separated spots.

Limits Test solution (a):
- any impurity:_.~yspot, apart-from the principal spot, is

not more intense than the principal spot in the
chromatogram obtained with reference solution (b)
(0.5 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 distilled waterR.

Ammonium (2.4.1, Method B)
Maximum 200 ppm, determined on 50 mg.

Prepare the standard 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 gin 10 mL of dilute
hydrochloric acid R. Shake with 3 quantities, each of 10 mL,
of methylisobutyl ketone Rl, 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 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 acidR
Add 50 mL of anhydrous acetic acid R. Titrate with 0.1 JVI
perchloric acid, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

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

57282-49-2206.2

(Ph. Bur. monograph 2114)

Action and use
Amino acid.

CH2

/I

ditP
CH

.
3f

OM
H H

H H
~

PhEur _

Lysine Acetate

DEFINITION
(2S)-2,6-Diaminohexanoic acid acetate.

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

CHARACTERS
Appearance
White or ahnost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water, very slightlysoluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B, B.

Secondidentification: A, C, D, B.

A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lysine acetate 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 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 waterR
and 1 mL of a 50 gIL solution of phosphomolybdic acid R.
A yellowish-white precipitate is formed.

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.

_____________________ PhEur
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Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
Firstidentification: A~ B, B.
Second identification: A, C, D, B.

A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lysine hydrochloride CRS.
ITthe spectra obtained show differences, 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 new spectra using the residues.

C. Thin-layer chromatography (2.2.27).

Testsolution 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 hydrochloride CRS
in water R and dilute to 50 mL with the same solvent.

Plate TLC silica gelplate R.
Mobile phase concentrated ammonia R, 2-propanol R
(30:70 VIV).

Application 5 JlL.
Development Over 2/3 of the plate.

Drying At 105°C until the ammonia disappears completely.

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. To 0.1 mL of solution S (see Tests) add 2 mL of waterR
and 1 mL of a 50 gIL solution ofphosphomolybdic add R.
A yellowish-white precipitate is formed.

E. To 0.1 mL of solution S add 2 mL of waterR.
The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free water R prepared from
distilled 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 B7 or GY7 (2.2.2, Method 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 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 water R 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.

657-27-2182.7

(Ph. Bur. monograph 0930)

Action and use
Amino acid.

F. (S)-2-amino-5-guanidincpentanoic acid (arginine).

E. (2S)-2,5-diaminopentanoic acid (ornithine),

D. (S)-2-amino-3-methylbmanoic acid (valine),

C. (5j-:·2-aminopropanoic acid (alanine),

DEFINITION
(2S)-2,6-diaminohexanoic acid hydrochloride.

Product of fermentation or ofprotein hydrolysis.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

PhEur _

A. (2S)-2-aminobutanedioic acid (aspartic acid),

H NH2

H01C~C02H

Lysine Hydrochloride

1 mL of 0.1 M perchloric aadis equivalent to 10.31 mg
of CSHlSN204'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.) C, D~ E~ F.

____________________ PhEur

B. (2S)-2-aminopentanedioic acid (glutamic acid),
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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 to 250.0 mL with solution A.

Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (100 ppm NH<tJ 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 R and
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 solution 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 suitabu£ty Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

isoleucine and impurity A.

Calculation of percentage contents:
- for any ninhydrin-positive substance detected at 570 DID,

use the concentration of lysine hydrochloride in reference
solution (a);

- for any ninhydrin-positive substance detected at 440 DID,

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:
- a1ry ninbydrin-positiue substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 1.0 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.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 5 mL of solution S to 15 mL with distilled waterR.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.

Injeaion Test solution, reference solution (c) and blank
solution.

Limu:
- 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 30 ppm.

In a separating funnel, dissolve 0.33 gin 10 rD.L of dilute
hydrochloric acid R. Shake with 3 quantities, each of 10 mL,
of methyl £sobutyl ketone Rl, 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 DC.
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Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 ginS mL of anhydrous formicacid R.
Add 50 mL of anhydrous acetic acidR. Titrate with O.llY!
perchloric add, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 18.27 mg of
C6HlSClNZOZ'

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They arelimitedby 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 ofimpurities in substances for
pharmaceutical use) A, .B, c.

A. (2S)-2-amino-4-methylpenranoic acid (leucine),

B. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),

C. (2S,3R)-2-amino-3-hydroxybutanoic acid (threonine).
_______________~ PhEur

Macrogols
(ph. Bur. monograph 1444)

Action and use
Non-ionic surfactant.

PhEur _

DEFINITION
Mixtures of polymers with the general formula H-[OCHz
CHz]n-OH where n represents the average number of
oxyethylene groups. The type of macrogol is defined by a
number that indicates the average relative molecular mass.
A suitable stabiliser may be added.
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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 tube into 1 mL ofmercuric chloride solution R.
An abundant, white, crystalline precipitate is formed.

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, MethodII).

Dissolve 12.5 g in waterR and dilute to 50 mL with the
same solvent.

Acidity or alkalinity
Dissolve 5.0 gin 50 mL of carbon dioxide-free waterRand
add 0.15 mL of bromothyrnol blue solution R1. The solution is
yellow or green. Not more than 0.1 mL of 0.1 M sodium
hydroxide is required to change the colour of the indicator to
blue.

Viscosity (2.2.9)
The viscosity is calculated using a density given in
Table 1444.-1.

For macrogols with a relative molecular mass greater
than 400, determine the viscosity on a 50 per cent m/m
solution of the substance to be examined.

Freezing point (2.2.18)
See Table 1444.-2.

Hydroxyl value
Introduce m g (see Table 1444.-3) into a dry conical flask
fitted with a reflux condenser. Add 25.0 mL of phthalic
anhydride solution R, swirl to dissolve and boil under a reflux

CHARACTERS

*Density of the substance for macrogols 300 and 400. Density of the
50 per cent m/m solutionfor the other macrogols.

56.1 x (n2 - nt}
m

1.120

1.120

1.080

1.080

1.080

1.080

1.080

1.080

1.080

1.080

1.080

1.080

Density*
(g1mL)

1.5

1.9

3.5

5.0

7.0

12.0

12.0

14.0

18.0

24.0

m (g)

15 - 25

35 - 40

42 - 48

50 - 56

53 - 57

53 - 59

55 - 61

55 - 62

minimum 57

minimum 57

Freezing point

CC)

Dynamic
viscosity
(mPa·s)

80 - 105

105 - 130

IS - 20

22 - 30

34- 50

75 -100

83 - 120

110 - 170

200 - 270

260 - 510

2700 - 3500

11 000 - 14000

340 - 394

264 - 300

178 - 197

107 - 118

70- 80

34-42

30-38

25 - 32

16 - 22

12 -16

Hydroxyl value

Kinematic
viscosity
(mm.Z·s-1)

71- 94

94 -116

13.9 - 18.5

20.4 - 27.7

31-46

69 -93

76 -110

102 -158

185 - 250

240 -472

2500 - 3200

10 000 - 13000

T}'pe ofmacrogol

300

400

600

1000

1500

3000

3350

4000

6000

8000

20000

35000

600

1000

1500

3000

3350

4000

6000

8000

20000

35000

300

400

600

1000

1500

3000

3350

4000

6000

8000

20000

35000

Type of
macrogol

Type of macrogol

Table 1444.-3

Table 1444.-2

condenser on a hot plate for 60 min. Allow to cool. Rinse the
condenser first with 25 mL ofpyridine R and then With
25 mL of water R, add 1.5 mL ofphenolphthalein solution R
and titrate with 1M sodium hydroxide until a faint pink colour
is obtained (nl mL). Carry out a blank test (n2 mL).
Calculate the hydroxyl value using the following expression:

Table 1444.-1

For macrogols with a relative molecular mass greater
than 1000, if the water content is more than 0.5 per cent,
dry a sample of suitable mass at 100-105 °C for 2 hand
carry out the determination of the hydroxyl value on the
dried sample.

very soluble in water and in
methylene chloride, very slightly
soluble in alcohol, practically
insoluble in fatty oils and in mineral
oils

very soluble in water and in
methylene chloride, freely soluble in
alcohol, practically insoluble in fatty
oils and in mineral oils

Solubility

very soluble in water, soluble in
methylene chloride, practically
insoluble in alcohol, in fatty oils and
in mineral oils

miscible with water, very soluble in
acetone, in alcohol and in
methylene chloride, practically
insoluble in fatty oils and in mineral
oils

very soluble in water and in
methylene chloride, practically
insoluble in alcohol, in fatty oils and
in mineral oils

very soluble in water, freely soluble
in alcohol and in methylene
chloride, practically insoluble in
fatty oils and in mineral oils

white or almost white
solid with a waxy or
paraffin-like appearance

white or 'almost white
solid With a waxy or
paraffin-like appearance

white or almost white
solid with a waxy or
paraffin-like appearance

white or almost white
solid with a waxy or
paraffin-like appearance

clear, viscous, colourless
or almost colourless,
hygroscopic liquid

white or almost white,
hygroscopic solid with a
waxy or paraffin-like
appearance

Appearance

3000
3350

20000
35000

300
400
600

1000

1500

4000
6000
8000

Type of
macrogol
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Reducing substances
Dissolve 1 .g in 1 mL of a 10 gIL solution of resorcinol R and
warm gently if necessary. Add 2 mL of hydrochloric acidR.
After 5 min the solution is not more intensely coloured than
reference solution R3 (2.2.2~ Method1).

Formaldehyde
Maximum 30 ppm.

Testsolution To 1.00 g add 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.
Reference solution Dilute 0.860 g offormaldehyde solution R to
100 mL with waterR. Dilute 1.0 mL of this solution to
100 mL with waterR. In a 10 mL flask, mix 1.00 mL of this
solution and 0.25 mL of chromotropic acid, sodiumsalt
solution R, cool in iced water and add 5.0 mL of sulfuric
acidR. Allow to stand for 15 min and dilute slowly to 10 mL
with waterR.
Blank solution In a 10 mL flask mix 1.00 mL of waterR
and 0.25 mL of chromotropic acid, sodium salt solution R, cool
in iced water and add 5.0 mL of sulfuric acidR. Dilute slowly
to 10 mL with waterR.
Determine the absorbance (2.2.25) of the test solution at
567 nm, against the blank solution. It is not higher than that
of the reference solution.

If the use of macrogols with a higher content of
formaldehyde may have adverse effects, the competent
authority may impose a limit of not more than 15 ppm.

Ethylene glycol and diethylene glycol
carry out this testonly if the macrogol has a relative molecular
massbelow 1000.
Gas chromatography (2.2.28).

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 ethylene glycol Rand
0.50 g of diethylene glycol R in acetone R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL of the
solution to 10.0 mL with acetone R.
Column:
- material: glass;
- size: 1= 1.8 m,0 = 2 mID;
- stationary phase: silanised diatomaceous earth for gas

chromatography R, impregnated with 5 per cent mlm of
macrogol 20 000 R.

Carrier gas nitrogen for chromatography R.
Flow rate 30 mLImin.

Temperature:
- column: if necessary, precondition the column by heating

at 200°C for about 15 h; 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°C at a rate of 2°C/min but without exceeding
170°C;

- injection portand detector: 250°C.

Detection Flame ionisation.

Injection 2 ilL.
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.
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Ethylene oxide and dioxan (2.4.25)
Maximum 1 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.

Sulfated 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 macrogol;
- the content of formaldehyde.

FUNCTIONALITY-RELATED· CHARACTERISTICS
This section provides £nformation 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 characteristics described in the Functionality
related characteristics section may also bepresent in themandatory
part of the monograph since they also represent mandatory quality
criteria. In suchcases, a cross-reference to the tests described in the
mandatory part is included in theFunctionality-related
characteristics section. Control of the characteristics can contribute
to the qual£ty of a medicinal product by improoing the consistency
of the manufacturing process and theperformance of themedicinal
product duringuse. Where control methods arecited, theyare
recognised as being suitable for thepurpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control method must beindicated:
ThefolloW£ng characi-ensif-;;;ay berelevant for macrogols usedas
solvent.

Viscosity
(see Tests).

ThefolloW£ng characteristics may berelevant for macrogols usedas
suspension stabiliser and thickener.

Viscosity
(see Tests).

ThefolloW£ng characteristic may berelevant for macrogols usedas
lubricant in tablets.

Particle-size distribution (2.9.31)
ThefolloW£ng characteristics may berelevant for macrogols usedas
suppository base and for macrogols usedin hydrophilic ointments.

Viscosity
(see Tests).

Melting point (2.2.15)
____________________ PhEur

High-molecular-mass Macrogols
(Ph. Bur. monograph 2444)
PhEur _

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
7 000 000. A suitable stabiliser (e.g. butylhydroxytoluene)
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and a suitable flowability 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-mass macrogol CRS.

B. Viscosity (see Tests).

TESTS
Solution S
Prepare a solution of the substance to be examined in a
mixture of carbon 4~9~de-free waterR and 2-propanol R
according to Table,;.7444.-1.

.1:[-r

pH (2.2.3) """ilL

6.0 toio.o for solu~on S.
Viscosity (2.2.10)
Determine the dynamic viscosity of solution S at 25°C using
a rotating viscometer and a suitable spindle.

Table 2444.-1. - Solution S and viscosity

Nominal Composition of Dynamic Rotation
average solution S (g of viscosity speed

molecular substance I mL of (mPa·s) (r/min)
mass carbon dioxide-free

water R + mL of
2-proptmGlR)

100000 30 g 1570 + 125 12 - 50 50

200000 30 g 1 570 + 125 65 - 115 50

300000 30 g 1570 + 125 600 - 1200 10

400000 30 g 1570 + 125 2250 - 4500 2

600000 30 g 1570 + 125 4500 - 8800 2

900000 30 g 1570 + 125 8800 - 17 600 2

1000000 12 g 1 588 + 125 400 - 800 10

2000000 12 g 1 588 + 125 2000 - 4000 10

4000000 6 g/594+ 125 1650 - 5500 2

5000000 6 g/594 + 125 5500 -7500 2

7000000 6 g 1594 + 125 7500 - 10 000 2

Ethylene oxide (2.4.25, Method A)
Maximum 1 ppm.

Carry out the test with the following modifications.

Stock solution Dilute 0.5 mL of ethylene oxide stock
solution R2 to 10.0 mL with propanol R. Dilute 1.0 mL of this
solution to 50.0 mL with propanol R.

Testsolution Weigh 0.50 g (M T) 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 solution (a) Weigh 0.50 g (Mw of the substance to
be examined into an identical 10 mL vial and add 10 J.1L of
the stock solution. Close and homogenise, and allow to stand
at 70°C for 30 min.
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Reference solution (b) To 0.5 0 mL of ethylene oxide
solution R3 in a 10 mL vial add 0.1 mL of a freshly prepared
10 mg/L 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
Maximum 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 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 ... ".

STORAGE
In an airtight container.

LABELLING
The label states the type of high-molecular-mass macrogol.
____________________ PhEur

Macrogol Cetostearyl Ether
(Ph. Bur. monograph 1123)

Action and use
Non-ionic surfactant.

PhEur _

DEFINITION
Mixture of ethers of mixed macrogols with linear fatty
alcohols, mainly cetostearyl alcohol. It maycontain some free
macrogols and it contains various amounts of free cetostearyl
alcohol. The number of moles of ethylene oxide reacted per
mole of cetostearyl alcohol is 2 to 33 (nominal value).

CHARACTERS
Appearance
White or yellowish-white, waxy, unctuous mass, pellets,
microbeads or flakes.

Solubility
- macrogol cetostearyl 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).

Test solution Dissolve the prescribed amount of substance to
be examined (see table below) in a mixture of 1 volume of
waterR and 9 volumes of methanol R and dilute to 75 mL
with the same mixture of solvents.
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Add 60 mL of hexaneR and shake for 3 min. The formation
of foam. can be reduced by the addition of some drops of
ethanol (96 per cent) R. Filter the upper layer through
anhydrous sodium sulfate R, wash the filter with 3 quantities,
each of 10 m.L, of hexaneR and evaporate the combined
filtrates to dryness. Dissolve 0.05 g of the residue in 10 mL
of methanolR (the solution may be opalescent).

Referencesolution Dissolve 25 mg of stearyl alcohol CRS in
methanolR and dilute to 25 mL with the same solvent.

Plate TLC silica gelplateR.

Mobilephase ethyl acetate R.
Application 20 J,JL.
Development Over a path. of 15 cm.

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 cent) 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 ginS mL of ethanol
(96 per cent) R, add 2 mL of waterR, 10 mL of dilute
hydrochloric acidR, 10 mL of barium chloride solution Rl and
10 mL of a 100 gIL solution of phosphomolybdic acidR.
A precipitate is formed.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BYs (2.2.2~ Method If).
Dissolve 5.0 g in ethanol (96 per cent) 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 cent) Rand 10 mL of waterR. Add 0.1 mL of
bromothymolbluesolution R1. Not more than 0.5 mL of 0.1 M
hydrochloric acid 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)

Nmnber ofmoles of ethylene oxide
reacted per mole

2-6

10 - 22

25 - 33

Number ofmoles of ethylene oxide
reacted per mole (nominal value)

2

3

5-6

10

12

15

20 - 22

25

30 - 33

Amount to be dissolved (g)

5.0

10.0

15.0

Hydroxyl value

150 - 180

135 - 155

100 - 134

75 - 90

67 -77

58 - 67

40 - 55

36 - 46

32 - 40

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 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.

Total ash (2.4.16)
Maximum 0.2 per cent, determined on 2.0 g.

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of cetostearyl alcohol (nominal value).
____________________ PhEur

Macrogol30
Dipolyhydroxystearate
(Ph. Bur. monograph 2584)

PhEur ~ _

DEFINITION
Mixture of mainly diesters of polymerised 12-hydroxystearic
(12-hydroxyoctadecanoic) acid and macrogols (1444) obtained
by esterification of macrogol with 12-hydroxystearic acid.
The average .number-ofmolesofethylene oxide reacted per
mole of substance is 30.

CHARACTERS
Appearance
Brownish-red, waxy mass.

Solubility
Practically insoluble in water, very solublein methylene
chloride and soluble in most aliphatic and aromatic
hydrocarbons.

mp
30 DC to 40°C.

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 1\;1 alcoholic potassium hydroxide, heat
under reflux for 60 min and add 50 mL of anhydrous
ethanol R before carrying out the titration.
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Nickel (2.4.31)
Maximum 1 ppm.

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 to 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 1 h and ignite in
a muffle furnace at 600 ± 25°C, until the substance is
thoroughly charred. Carty out the test for sulfated ash
(2.4.14) on the residue obtained, starting from "Moisten the
substance to be examined...".

STORAGE
In an airtight container.
____________________ PhEur

Macrogol ~.:Glycerol

CaprYl:pcaptate
(ph.,)Eur.monograph 1443)

Action and use
Non-ionic surfactant.

PhEur __------------------

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
ethoxylation of glycerol and esterification with distilled
coconut or palm 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 mf'a-s.

IDENTIFICATION
A. Dissolve 1.0 gin 99 g of a mixture of 10 volumes of
2-propanol R and 90 volumes of waterR. Heat the solution
obtained to about 40°C. A turbidity is produced. Allow to
cool until the turbidity disappears. The cloud point is
between 15 °C and 35°C.

B. Saponification value (see Tests).

C. Composition of fatty acids (see Tests).

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution Y2 (2.2.2,
Method l).

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of ethanol
(96 per cent) R and 10 mL of waterR. Add 0.1 mL of
bromothymol blue solution Rl. Not more than 0.5 mL of 0.1 M
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hydrochloric acid is required to change the colour of 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, MethodA).

Composition of thefatty-acidfraction of the substance:
- caproic add: maximum 2.0 per cent;
- caprylic add: 50.0 per cent to 80.0 per cent;
- capric add: 20.0 per cent to 50.0 per cent;
- lauric acid: maximum 3.0 per cent;
- myristic add: maximum 1.0 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.

Total ash (2.4.16)
Maximum 0.3 per cent.
____________________ PhEur

Macrogol Glycerol Cocoates
(Macrogoglycerol Cocoates, Ph. ~ur. monograph 1122)

Action and use
Pharmaceutical aids.

PhEur _

DEFINITION
Mixtures of mono-, di- and triesters of ethoxylated glycerol
with fatty acids of vegetable origin having a composition
corresponding to the fatty acid composition of the oil
extracted from the hard, dried fraction of the endosperm of
Cocos nucifera L. The average number of moles of ethylene
oxide reacted per mole of substance (nominal value) is either
7 (macrogol 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 for macrogol 7 glycerol cocoate; about 1.09 for
macrogoI 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-propanol Rand 90 volumes of
waterR. Heat the solution to about 65°C. A turbidity is
produced. Allow to cool until the turbidity disappears.
The cloud point is between 35 °C and 54°C.

Heat a 10 giL solution of macrogol 23 glycerol cocoate in a
100 g/L solution of sodium chloride R to about 90°C.

www.webofpharma.com



11-162 Macrogol 20 Glycerol Monostearate 2020

____________________ PhEur

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 than reference solution Y2 (2.2.2,
Method1).

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 bluesolution Rl. Not more than 0.5 mL of 0.1 M
hydrochloric acid is required to change the colour of 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.

Saponification value (2.5.6)
See Table 1122.-1.

Iodine value (2.5.4, MethodA)
Maximum 5.0.

Composition of fatty acids
Gas chromatography (2.4.22, MethodA).

Composition of thefatty-acidfraction of the substance:
- caproic acid: maximum 1.0 per cent;
- caprylic add: 5.0 per cent to 10.0 per cent;
- capric add: 4.0 per cent to 10.0 per cent;
- lauric acid: 40.0 per cent to 55.0 per cent;
- myristic add: 14.0 per cent to 23.0 per cent;
- palmitic add: 8.0 per cent to 12.0 per cent;
- stearic add: 1.0 per cent to 5.0 per cent;
- oleic acid: 5.0 per cent to 10.0 per cent;
- linoleic 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).

PhEur _

Stearic acid: 40.0 per cent to
60.0 per cent,
Sum of thecontents ofpalmitic
and stearic acids: minimum
90.0 per cent.

Stearic acid: 60.0 per cent to
80.0 per cent,
Sum of thecontents ofpalmitic
and stearic acids: minimum
90.0 per cent.

Stearic acid: 90.0 per cent to
99.0 per cent,
Sum of thecontents ofpalmitic
and stearic acids: minimum
96.0 per cent.

Typell
(obtained using
stearic acid 70)

Type!
(obtained using
stearic acid 50)

Type ill
(obtained using
stearic acid 95)

Type!

Type II

Type ill

Type of Type of glycerol Composition of fatty acids
macrogol 20 glycerol stearate used

monostearate

Macrogol 20 Glycerol
Monostearate
(ph. Eur. monograph 2044)

Action and use
Non-ionic surfactant.

DEFINITION
Macrogol 20 glycerol monostearate is obtained by
ethoxylation with ethylene oxide of different types of glycerol
stearates, mainly G1JJcerol monostearate 40-55 (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.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Saponification value (see Tests).

C. Composition offatty acids (see Tests).

D. Place 1 g in a test tube and add 0.1 mL of sulfuric acidR.
Heat the tube until white fumes appear. The fumes tum
filter paper impregnatedwith alkiiline potassium
tetraiodomercurate solution R black.

TESTS
Acid value (2.5.1)
Maximum 2.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
65 to 85, determined 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 offatty acids
Gas chromatography (2.4.22, Method C).

Composition of thefatty-acidfraction of the substance:

85 - 105

40 - 50

Saponification value
(determined on 2.0 g)

170 - 210

80 - 100

Hydroxyl value

7

23

Number of moles of
ethylene oxide reacted

per mole (nominal
value)

Table 1122.-1
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Ethylene oxide and dioxan (2.4.25~ MethodA)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxane

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
monostearate.
____________________ PhEur

Macrogol 15 Hydroxystearate
(Ph. Bur"monogrllph 2052)

Action and use"
Non-ionic surfactant.

PhEur __-------------------

DEFINITION
Mixture of mainly monoesters and diesters of
12-hydroxystearic (12-hydroxyoetadecanoic) acid and
macrogols obtained by ethoxylation of 12-hydroxystearic
acid. The number of moles of ethylene oxide reacted per
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 about 25°C.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution To 1.0 g add 100 mL of a 100 gIL solution of
potassiumhydroxideR 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 stand until a separation of the
layers is visible. Separate the clear upper 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-hydroxystearic acidR
in 25 mL of methylene chloride R.
Plate TLC oetadecylsilyl silicagelplate R.

Mobile phase methylenechloride R, glacial acetic acidR,
acetone R (10:40:50 VlVllI).
Application 2 J,JL.
Development Over 2/3 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 to the

Macrogol 15 Hydroxystearate 11-163

principal spot in the chromatogram obtained with the
reference solution.

B. Dissolve 15.0 gin 50 mL of waterR. The viscosity (2.2.9)
has a maximum of 20 mf'a-s.

C. Free macrogoIs (see Tests).

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension III (2.2.1) and not more intensely coloured than
referencesolutionB, or BY6 (2.2.2, Method II).

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

Acid value (2.5.1)
Maximum 1.0, determined on 2.0 g.

Hydroxyl value (2.5.3~ MethodA)
90 to 110.

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 macrogols
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
macrogol 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, (2) = 4 mm;
- stationaryphase: spherical octadecylsilyl silica gelfor

chromatography R (5 urn) with a pore size of 10 nm.

Column:
- size: 1= 0.30 m, (2) = 7.8 mm;
- stationary phase: hydroxylated polymethacrylate gelR (6 J.UIl)

with a pore size of 12 nm.

Connect both precolumns to the column using a 3-way valve
and switch the mobile phase flow according 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: flow back of precolumn 1.

Mobile phase waterR, methanol R (2:8 VIV).

Flow rate 1.1 mlJmin.

Detection Refractometer.

Injection 50 j.tL.
Calculate the percentage content of free macrogols using the
following expression:

Al x m2 x 200

mi x (Az+ 2A3 )

mi mass of the substance to be examined in the test solution, in
grams;

mz mass of macrogol 1000 R in reference solution (a), in grams;
At area of the peak due to free macrogolsin the substance to be

examined in the chromatogram obtained with the test solution;
A2 area of the peak due to macrogol 1000 in the chromatogram

obtained with reference solution (a);
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area of the peak due to macrogol 1000 in the chromatogram
obtained with reference solution (b).

2020

Temperature:

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 10 ppm of dioxan.

Water (2.5.12)
Maximum 3.0 per cent, determined on 2.00 g.

Detection Flame ionisation.

Injection 1 J.1L.
Retention time 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 peak due 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).

E. Dissolve or disperse 0.1 gin 5 mL of ethanol
(96 per cent) R. Add 10 mL of dilutehydrochloric add R,
10 mL of bariumchloride solution Rl and 10 mL of a 100 gIL
solution of phosphomolybdic acidR. A precipitate is formed.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BYs (2.2.2, Method11).

Dissolve 5.0 g in ethanol (96 per cent) R and dilute to 50 mL
with the same solvent.

Alkalinity_.~.

Dissolve 2.0 g in a hot mixture of 10 mL or-ethanol
(96 per cent) Rand 10 mL of waterR. Add 0.1 mL of
bromothymol blue solution Rl. Not more than 0.5 mL of 0.1 M
hydrochloric acid 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)
See Table 2730.-1.

Ethylene oxide units per molecule
(nominal value)

Limit;
- free macrogols: 27.0 per cent to 39.0 per cent.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethylene oxide and maximum 50 ppm
ofdioxan.

Nickel (2.4.31)
Maximum 1 ppm.

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.
____________________ PhEur

Macrogol Isotridecyl Ether
(ph. Bur. monograph 2730)
PhEur _

DEFINITION
Mixture of ethers of mixed macrogols with linear and
branched fatty alcohols, mainly Cl3RzsO. It contains a
variable quantity of free C l3HzsO and it may contain free
macrogols. The number of moles of ethylene oxide reacted
per mole of branched C13HzsO is 3 or 4 (nominal value).

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).

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 0.35 g of laurylalcohol R, 0.35 g
of tridecyl alcohol R, 0.15 g of myristyl alcohol Rand 0.15 g of
ethylene glycol monododecyl ether R in acetone R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL of the
solution to 10.0 mL with acetone R.

Column:
- material: fused silica;
- size:1= 30 m, 0 =0.25 rom;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 urn).

Carrier gas hydrogen for chromatography R or heliumfor
chromatography R.

Flow rate 1 mlJmin.

Split ratio 1:50.

Column

Injection port

Detector

Table 2730.-1

3

4

Time
(min)

0-1

1- 24

24-34

Temperature
rC)
120

120 -j> 350

350

300

350

Hydroxyl value

165 - 185

145 - 160
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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 over a suitable desiccant and weigh.
Evenly distribute 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..." .

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of C 13HzsO (nominal value).
____________________ PhEur

Macrogol L~uryl Ether
(Ph. Bur.·-monogrc':ph 1124)

Action and use
Non-ionic surfactant.

i\lfacrogol Lauryl Ether 11-165

B. Iodine value (see Tests).

C. Saponification value (see Tests).

D. Dissolve or disperse 0.1 gin 5 mL of ethanol
(96 per cent) R, add 10 mL of dilute hydrochloric acidR,
10 mL of barium chloride solution R1 and 10 mL of a 100 gIL
solution ofphosphomolybdic acidR. A precipitate is formed.

E. 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 0.15 g of ethylene glycol
monododecyl etherR, 0.15 g of laurylalcohol Rand 0.15 g of
myristylalcohol R in acetone R and dilute to 100.0 mL with
the same solvent.

Column:
- material: fused silica;
- size: 1=30 m, (2)=0.25 mrn.;
- stationary phase: cross-linked poly(dimethyl) (diphenyl)

siloxane R (film thickness 0.25 J..Ul1).

Carrier gas heliumfor chromatography R or hydrogen for
chromatography R.
Flow rate 1 mIJmin.

Split ratio 1:50.

Temperature:

Detection Flame ionisation.

Injection 1.0~.

Identification ofpeaks Use the chromatogram obtained with
the reference solution to identify the peaks due to ethylene
glycol monododecyl ether, lauryl alcohol and myristyl
alcohol.

Retention time Lauryl alcohol = about 6.7 min; myristyl
alcohol = about 8.9 min; ethylene glycol monododecyl
ether =about 9.3 min.

System suitabzlit:y- Reference solution:
- resolution: minimum 5.0 between the peaks due to

myristyl alcohol and ethylene glycol monododecyl
ether.

Results The sum of the areas of the peaks eluted before the
peak due to lauryl alcohol is less than 10 per cent of the area
of the peak due to laury! alcohol; disregard the peak due to
the solvent.

F. Gas chromatography (2.2.28).

Test solution Into a 50 mL round-bottomed flask fitted with
a reflux condenser introduce 0.300 g of the substance to be
examined, 15 mL of hydriodic acidR, 2.5 mL of a 603 gIL
solution of phosphorous acidR and 2 or 3 anti-bumping
granules. Heat to 140°C using an oil bath or an electric
heating mantle, then boil for 2 h. Allow to cool to room
temperature and rinse the condenser with 5 mL of ethanol
(96 per cent) R. Add the rinsings to the flask and transfer to a
separating funnel, rinsing the flask with 2 quantities, each of
5 mL, of a mixture of equal volumes of ethanol
(96 per cent) R and waterR.

PhEur _

DEFINITION
Mixture of ethers of mixed macrogols with linear fatty
alcohols, mainly C1zH z60 . It contains a variable quantity of
free C 1zHz60 and may contain free macrogols, The number
of moles of ethylene oxide reacted per mole of C1zHz60 is
3 to 23 (nominal value).

CHARACTERS
- Macrogol lauryl ethers with 3 to 5 units of ethylene oxide

per molecule.

Appearance
Colourless liquid.

Solubility
Practically insoluble in water, soluble or dispersible in
ethanol (96 per cent), practically insoluble in light petroleum.
- Macrogol lauryl ethers with 9 units of ethylene oxide per

molecule.

Appearance
White or almost white, unctuous, hygroscopic mass, melting
at 24°C into a colourless or yellowish, viscous liquid.

Solubility
Freely soluble in water, soluble or 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
White or almost white, waxy mass.

Solubility
Soluble or dispersible in water, soluble in ethanol
(96 per cent), practically insoluble in light petroleum.

IDENTIFICATION
Carry out tests A, B, C, D, E for macrogollauryl ethers with
3 to 5 units of ethylene oxide per molecule.

Carry out tests A, B, C, D, F for macrogollauryl ethers with
9 to 23 units of ethylene oxide per molecule.

A. Hydroxyl value (see Tests).

Column

Injection port

Detector

Tune
(min)

0-1

1-24

24- 34

Temperature
CC)
120

120 -+ 350

350

300

350
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Extract with 15 mL of heptane R and wash the upper layer
with 5 mL portions of a mixture of equal volumes of ethanol
(96 per cent) R and waterR until the pH of the lower layer is
greater than 3 using a pH indicator stripR.
Transfer the upper layer into a 20 mL glass vial with a screw
cap and shake with 5 g of anhydrous sodium sulfate R. Allow
to settle and transfer about 1 mL of the clear supernatant to
an autosampler vial.

Reference solution Prepare as described for the test solution
using 0.150 g of 2-butyloctanol R, 0.150 g of laurylalcohol R
and 0.150 g of myristyl alcohol R instead of the substance to
be examined.

Column:
- material: fused silica;
- size: 1=30 m, (0 =0.32 nun;
- stationary phase: cross-linked poly(dimethyl) (diphenyl)

siloxane R (film thickness 1.0 um),

Carnergas helium for chromatography R or hydrogen for
chromatography R.
Flow rate 3 mL'min.

Split ratio 1:30.

Temperature:

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.

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 1 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...".

Column

Injection port

Detector

Time
(min)

0-5

5 - 55

55 -70

Temperature
("C)

100

100 ~ 300

300

250

310

Hydroxyl value (2.5.3, MethodA)

Ethylene oxide units per molecule
(nominal 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

Detection Flame ionisation.

Injection 1.0 J.LL.
Identification ofpeaks Use the chromatogram obtained with
the reference solution to identify the peaks due to
2-butyloetyl iodide, lauryl iodide and myristyl iodide.

Retention time 2-butyloctyl iodide = about 22.7 min; lauryl
iodide = about 25.6 min; myristyl iodide = about 31.1 min.

System suitability Reference solution:
- resolution: minimum 5.0 between the peaks due to

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 the peak due to lauryl iodide; disregard the peak due to
the solvent.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BYs (2.2.2) MethodII).
Dissolve 5.0 g in ethanol (96 per cent) 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 cent) R and 10 mL of waterR. Add 0.1 mL of
bromothymol blue solution Rl. Not more than 0.5 mL of 0.1 M
hydrochloric acid is required to change the colour of the
indicator to yellow.

Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g.

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of C12H260 (nominal value).
____________________ PhEur

Macrogol Oleate
(Ph. Bur. monograph 1618)

Action and use
Non-ionic surfactant.

PhEur -'- _

DEFINITION
A mixture of monoesters and diesters 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.
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Composition of fatty acids
Gas chromatography (2.4.22~ Method A).

Composition of thefatty-acid fraction of the substance:
- myristicacid: maximum 5.0 per cent;
- stearic acid: maximum 6.0 per cent;
- palmitic acid: maximum 16.0 per cent;
- palmitoleic acid: maximum 8.0 per cent;
- oleic acid: 65.0 per cent to 88.0 per cent;
- linoleic acid: maximum 18.0 per cent;
- linolenic acid: maximum. 4.0 per cent;
- fatty acids w1'th a chain length greater than C18: maximum

4.0 per cent.

Residual ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of residual ethylene oxide and 10 ppm of
residual dioxan.

Refractive index
About 1.466.

IDENTIFICATION
First identification: A~ C.
Second identification: 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 gelF254 plateR.
Mobilephase 25 per cent VIV solution of concentrated
ammonia R, 2-propanol R (20:80 VIV).
Application 10 JlL.
Development Over a path of 15 em.

Drying In air.

Detection Spray with potassium iodobismuthate solution R4;
examine, the plateabout 10 min later.

Results The chromatogram obtained shows 3 principal
spots, corresponding, in order of increasing RF value, to free
macrogol, macrogol mono-oleate and macrogol dioleate.

C. Composition of fatty acids (see Tests).

TESTS
Alkalinity
Dissolve 2.0 g in ethanol(96 per cent) R and dilute to 20 mL
with the same solvent. To 2 mL of this solution add
0.05 mL of phenol redsolution R. The solution is not red.

Acid value (2.5.1)
Maximum 2.0.

Hydroxyl value (2.5.3~ Method A)
See Table 1618.-1.

Iodine value (2.5.4~ MethodA)
See Table 1618.-1.

Peroxide value (2.5.5~ Method A)
Maximum 12.0.

Saponification value (2.5.6)
See Table 1618.-1.

Table 1618.-1

Hydroxyl value

Iodine value

Saponification value

S-6moles of
ethylene oxide

50 -70

50 - 60

105 - 120

10 moles of
ethylene oxide

65 - 90

27 - 34

68 - 85

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 ethylene oxide per
mole (nominal value).
_______________.,....- PhEur

Macrogol Oleyl Ether
(ph. Bur. monograph 1125)

Action and use
Non-ionic surfactant.

PhEur _

DEFINITION
Mixture of ethers of mixed macrogols with linear fatty
alcohols, mainly oleyl alcohol. It contains a variable quantity
of free oleyl alcohol and it may contain free macrogols.
The number of moles of ethylene oxide reacted per mole of
oleyl alcohol is 2 to 20 (nominal value). A suitable
antioxidant may be added.

CHARACTERS
- Macrogol oleyl ether with 2 to 5 units of ethylene oxide

per molecule. -' . ..... ..

Appearance
Yellow liquid.

Solubility
Practically insoluble in water, soluble in alcohol, practically
insoluble in light petroleum.
- Macrogol oleyl ether with 10 to 20·units of ethylene oxide

per molecule.

Appearance
Yellowish-white waxy mass.

Solubility
Dispersible or soluble in water, soluble in alcohol, practically
insoluble in light petroleum.

IDENfIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Saponification value (see Tests).

D. Dissolve or disperse 0.1 ginS mL of alcohol R, add 2 mL
of waterR, 10 mL of dilute hydrochloric acid R, 10 mL of
bariumchloride solution R1 and 10 mL of a 100 gIL solution
ofphosphomolybdic acid R. A precipitate is formed.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BYs (2.2.2~ MethodII).

Dissolve 5.0 g in alcohol R and dilute to 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 bromothymol blue
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____________________ PhEur

* This broad range is needed since 2 different grades of oleyl alcohol may be
used fur the synthesis. The iodine value does not differ by more than 5 units
from the nominal iodine value and is within the limits stated in the table.

solution RI. Not more than 0.5 mL of 0.1 M hydrochloric acid
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)
See Table 1125.-1.

Iodine value (2.5.4)
See Table 1125.-1.

Table 1125.-1

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 (IE) is calculated from the saponification
value (Is) and the acid value (IpJ: -

nl volume of titrant used in.tl1~U;leSt, in millilitres;
nz volume of titrant used in the blank test, in milliIitres;
m mass of the sample, in grams.

0.561(nl - nz)
m

TESTS
pH (2.2.3)
5.0 to 8.0.

Dissolve 5.0 g in carbon dioxide-free water R and dilute to
25.0 mL with the same solvent.

Ester value
10 to 75.

Determine the acid value (Ipj as follows. Dissolve 5.00 gin
100 mL of distilled waterR" while stirring with a magnetic
stirrer. Titrate with 0.01 M alcoholic potassium hydroxide,
determining the end-point potentiometrically (2.2.20). Carry
out a blank test under the same conditions.

Solubility
Very soluble in water, practically insoluble in anhydrous
ethanol and 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(vinyl alcohol) grafted
copolymer CRS.

Preparation Dissolve 0.2 gin 20 mL of water R, spread a
few drops of the solution on a thallium bromoiodide plate
and evaporate the solvent at 110°C for 30 min.

E. Dissolve 0.4 g in 2 mL of waterR. Place 1 mL of the
solution on a glass plate and allow to dry. A transparent:film
is formed.

48 -74*

48 - 56

24 - 38

14 - 24

Iodine value

158 - 178

110 - 125

75 - 95

40 - 65

Hydroxyl value

2

5
10

20

Ethylene oxide units
per Dlolecule

(uominal value)

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 labelstates:
- the number of moles of ethylene oxide reacted per mole

of oleyl alcohol (nominal value),
- the nominal iodine value for the type with 2 units of

ethylene oxide per molecule.

Macrogol Poly(vinyl alcohol)
Grafted Copolymer
(ph. Eur. monograph 2523)
PhEur --'-_

DEFINITION
Grafted copolymer of macrogol and poly(vinyl alcohol),
having a mean relative molecular mass of about 45 000.

It consists of about 75 per cent of poly(vinyl alcohol) units
and 25 per cent of macrogol units. It may contain Anhydrous
colloidal silica (0434) to improve flowability.

CHARACTERS
Appearance
White or slightly yellowish powder; opalescent solutions may
be obtained during testing due to the presence of anhydrous
colloidal silica.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 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 R2. Sonicate. Add about 8 mL of water for
chromatography R and dilute to 10.0 mL with the same
solvent. Filter.

Reference solution (a) Dissolve 5.0 mg of vinyl acetate CRS
(impurity A) in methanol R2 and dilute to 10.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 20.0 mL with
waterfor chromatography R. Dilute 1.0 mL of this solution to
10.0 mL with water for chromatography R.
Reference solution (b) Dissolve 5 mg of vinyl acetate R
(impurity A) and 5 mg of 1-vinylpyrrolidin-2-one R in 10 mL
of methanol R2 and dilute to 50 mL with water for
chromatography R. Dilute 1 mL of the solution to 20 mL with
waterfor chromatography R.
A precolumn containing octadecylsz7yl silica gelfor
chromatography R (5 urn) may be used if a matrix effect is
observed.
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Column:
- size: 1= 0.25 m, 0 =4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography w£th embedded polargroups R (5 J.lII1);
- temperature: 30°C.

~Iohilephase:
- mobzle phaseA: acetonitrile Rl, methanol R2, waterfor

chromatography R (5:5:90 V/VIV);
- mobile phase B: methanolR2, acetonitrile Rl, waterfor

chromatography R (5:45:50 VIV/V);

IMPURITIES
Specified impurities A, B.

A. ethenyl acetate,

Time
(min)

Mobile phase A
(per cent VIP)

Mobile phase B
(per cent VIP) B. acetic acid.

Flow rate 1.0 mUmin.

Deteaism Speg;2photometer at 205 nm.
I'1{jection, 10 .~~::':Cii;'

Retention time Impurity A =about 19 min;
l-viny1pyrrolidin:..2-one =about 25 min.

System suitability. Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and l-vinylpyrrolidin-z-one,

Limit:
- impurityA: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(100 ppm).

lmpurityB
Liquid chromatography (2.2.29).

Testsolution Mix 0.200 g of the substance to be examined
with waterfor chromatography 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 acetic acid R (impurity B) in the mobile phase.
Shake gently to dissolve and dilute 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 with embedded polargroups R (5 J.lII1).

Mobile phase 0.50 gIL solution of sulfuric acidR.
FlO'W rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 20~. After each injection, rinse the column with
a mixture of equal volumes of acetonitrile for chromatography R
and a 0.50 gIL solution of sulfuric acidR.

Retention time Impurity B =about 5 min; citric
acid =about 7 min.

System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

impurity B and citric acid.

Limit:
- impurity 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 105 -c,

PhEur _

_____________---'- PhEur

DEFINITION
Mixture of esters of fatty acids, mainly Oleic 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 macrogol fatty acid
esters.

**** ** *<;»
Macrogol 40 Sorbitol Heptaoleate
(Ph. Bur. monograph 2396)

Action and use
Non-ionic surfactant.

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.

Viscosity (2.2.9): about 175 mPa-s at 25°C.

FUNCTIONALITY-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 excipient (see chapter
5.15). Some of the characteristics described in the Funaionality
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 to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. Where control methods are cited, they are
recognised as being suitable for thepurpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reported, the control method must be indicated.

The following characteristics may be relevant for macrogol
poly(vinyl alcohol) grafted copolymer used asfilm formerin film
coated tablets.

Viscosity (2.2:10,----
Typically less than 250 mf'a-s, determined on a
20 per cent mlm solution, using a rotating viscometer at
25 °C and rotation speed of 100 r/min.

o
o -+ 15

15 -+ 100

100

100 -+ 85

85 -+ 0

0-2

2- 40

40-42
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IDENTIFICATION
First identification: A, D.
Second identification: BJ CJ D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison macrogol 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.

Hydroxyl value (2.5.3J 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 1 mL of saturated
potassium iodide solution R, mix and allow to stand for 1 min.
Add SO mL of carbon dioxide-free waterR and a magnetic
stirring bar. Titrate with 0.01 M sodium thiosulfate,
determining the end-point potentiometrically (2.2.20). Carry
out a blank titration.

Determine the peroxide value using the following expression:

(nl - nz) xM x 1000
m

nl volume of 0.01 M sodiumthiosulfate required for the titration of
the substance to be examined, in millilitres;

n2 volume of 0.01 M sodium thiosulfate required for the blank
titration, in millilitres;

M molarity of the sodium thiosulfate solution;
m mass of the substance to be examined, in grams.

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 SO mL of anhydrous
ethanol R before carrying out the titration.

Composition of fatty acids (2.4.22J Method C)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatty-acidfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- palmitic acid: maximum 16.0 per cent;
- palmitoleic acid: maximum 8.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: minimum 58.0 per cent;
- linoleic acid: maximum 18.0 per cent;
- linolenic acid: maximum 4.0 per cent.

Ethylene oxideand dioxan (2.4.25, MethodA)
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, allow 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 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...".

2020

STORAGE
In an airtight container, protected from light.
_____-'-- PhEur

Macrogol Stearate
(ph. EUT. monograph 1234)

Action and use
Non-ionic surfactant.

PhEur _

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 SO (type 1) or
stearic acid 95 (type IT) (see Stearic acid (1474)). It may
contain free macrogols. The average polymer length is
equivalent to 6 to 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 unitsefethylene"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 cent) R and dilute to 20 mL
with the same solvent. To 2 mL of this solution add
0.05 mL ofphenolredsolution R. The solution is not red.

Melting point (2.2.15)
See Table 1234.-1.

Melt 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 (2.5.3J MethodA)
See Table 1234.-1.

Iodine value (2.5.4)
Maximum 2.0.

Saponification value (2.5.6)
See Table 1234.-1.
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____________________ PhEur

PhEur _

Type of fatty Composition of fatty acids
acid used

Macrogol Stearyl Ether

Solubility
- macrogol stearyl 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 stearyl ether with 20 moles of ethylene oxide
reacted per mole: soluble in water, in ethanol
(96 per cent) and in methylene chloride.

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).

Test solution Dissolve 10.0 g in a mixture of 1 volume of
water Rand 9 volumes of methanol R and dilute to 75 mL
with the same mixture of solvents. Add 60 mL of heptaneR
and shake for 3 min. The formation of foam can be reduced
by the addition of a few drops of ethanol (96 per cent) R.
Filter the upper layer through anhydrous sodium sulfate R,
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 methanol R (the solution
may be opalescent).

Reference solution Dissolve 25 mg of stearyl alcohol CRS in
methanolR and dilute to 25 mL with the same solvent.

Plate TLC silica gelplateR.
Mobilephase ethyl.acetate R.
Application --20 J.lL.

Development Over a path of 15 cm.

Drying In air.

Detection Spray with vanillin-sulfuric acid reagent prepared
as follows: dissolve 0.5 g of vanill£n R in 50 mL of ethanol
(96 per cent) R and dilute to 100 mL with sulfuric acid R;
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 cent) R, add 2 mL of waterR, 10 mL of dilute
hydrochloric'acid R, 10 mL of bariumchloride solution Rl and
10 mL of a 100 gIL solution of phosphomolybdic acidR.
A precipitate is formed.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BYs (2.2.2~ Method II).

Dissolve 5.0 g in ethanol (96 per cent) 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 cent) Rand 10 mL of waterR. Add 0.1 mL of
bromothymol bluesolution Rl. Not more than 0.5 mL of 0.1 M
hydrochloric acid is required to change the colour of the
indicator to 'yellow,

Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Stearic acid: 40.0 per cent to
60.0 per cent,
Sum of thecontents ofpalmitic and
stearic acids: not less than
90.0 per cent.

Stearic acid: 90.0 per cent to
99.0 per cent,
Sum of the contents ofpalmitic and
stearic acids: not less than
96.0 per cent.

Table 1234.-1

Ethylene oxide units Melting point Hydroxyl Saponification
per molecule eC) value value

(nominal value)

6 26 - 37 80 - 110 85 - 115

8-9 26 - 35 80 - 105 88 - 100

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

Macrogol stearate Stearic acid 50
type)

Macrogol stearat~:'" Stearic acid 95
type II

DEFINITION
Mixture of ethers obtained by ethoxylation of stearyl alcohol.
It may contain some free macrogols and various amounts of
free stearyl alcohol. The number of moles 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.

(Ph. Bur. monograph 1340)

Action and use
Non-ionic surfactant.

Composition of fatty acids
Gas chromatography (2.4.22~ Method C).

Composition of the fatty acidfraction of the substance:

Ethylene oxide and dioxan (2.4.25)
Maximum·l 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 the
solvent a mixture of equal volumes of anhydrous methanol R
and methylene 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);
- the type of macrogol stearate.
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PhEur _

____________________ PhEur

IDENTIFICATION
A. Dissolve 0.6 gin 20 mL of 3 M hydrochloric acidR, add
about 30 mL of waterR and heat to boiling. Adjust to
pH 6.2 with dilute ammonia Rl, continue boiling for 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
dissolving 2 g of ammonium carbonate Rand 2 mL of dilute
ammoniaRl in 20 mL of waterR; no precipitate is produced.
Add disodium hydrogen phosphate solution R; a white,

DEFINITION
Magaldrate is composed of aluminium and magnesium
hydroxides and sulfates. Its composition corresponds
approximately to the formula AIsMglO(ORhl(S04h,xR20.

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.

crystalline precipitate is produced which does not dissolve in
dilute ammonia R1. -

B. The precipitate retained in identification test A gives the
reaction of aluminium (2.3.1).

C. The filtrate retained in identification test A gives
reaction (a) of sulfates (2.3.1).

TESTS
Soluble chlorides
Maximum 3.5 per cent.

To 0.5 g add 25 mL of dilute nitricacidR and shake until
completely dissolved. Add 10.0 mL of 0.1 M siloer nitrate and
2 mL oi femc ammonium sulfate solution R2 as indicator.
Titrate with 0.1 M ammonium thiocyanate, shaking vigorously
until a persistent brownish-red colour is obtained.

I mL of 0.1 M silver nitrate is equivalent to 3.545 mg of Cl.

Soluble sulfates
Maximum 1.9 per cent.

Disperse 0.5 gin 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 blue litmus
paperR with hydrochloric acidR, add 3 mL of 1 M
hydrochloric acid, 3 mL of a 120 WL solution of barium
chloride R and dilute to 50 mL with waterR. Mix and allow
to stand for 10 min. Any opalescence in the solution is not
more intense than that in a standard prepared at the same
time in the same manner using 1 mL of 0.01 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 acidR
and 10 mLofwaterR and.dilute-to-Zfi.O mLwith waterR.
Prepare a chr()lnaro~~phic column of I em in internal
diameter containing 15 mL of cation-exchange resin R
(150-300 J.UTI), previously washed with 30 mL of waterR.
Transfer 5.0 mL of the solution to be examined to the
column and elute with 15 mL of waterR. To the eluate add
5 mL of a 53.6 gIL solution of magnesium acetate R, 32 mL
of methanol Rand 0.2 mL of alizarin S solution R. Add from
a burette about 4.0 mL of 0.05 M barium chloride, add a
further 0.2 mL of alizarin S solution R and slowly complete
the titration until the yellow colour disappears and a violet
red tinge is visible.

1 mL of 0.05 M barium chloride is equivalent to 4.803 mg
ofS04•

Aluminium hydroxide
32.1 per cent to 45.9 per cent (dried substance).

Dissolve 0.800 gin 10 mL of dilute hydrochloric acid R,
heating on a water-bath. Cool and dilute to 50.0 mL with
water R. To 10.0 mL of this solution, add dilute ammonia R1
until a precipitate begins to appear. Add the smallest quantity
of dilute hydrochloric acidR needed to dissolve the precipitate
and dilute to 20 mL with waterR. Carry out the
complexometric titration of aluminium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 7.80 mg of AI
(OR)3'

Magnesium hydroxide
49.2 per cent to 66.6 per cent (dried substance).

Dissolve 0.100 gin 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
buffer solution pH 10: 0 R and about 50 mg of mordant black

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

74978-16-8

150 - 180

75 - 90

40 - 60

Hydroxyl value

2

10

20

Number of moles of ethylene oxide
reacted per mole (nominal value)

Hydroxyl value (2.5.3, MethodA)

Action and use
Antacid.

Preparation
Magaldrate Oral Suspension

Magaldrate
(ph. Bur. monograph 1539)

AlSMglO(0 H)31(SOJ21XH20 1097
(anhydrous substance)

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 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 1.00 g.

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of stearyl alcohol (nominal value).

www.webofpharma.com



2020 Magnesium s:Acetate Tetrahydrate 11-173

Ph£ur --, _

____________________ Ph£ur

TESTS
pH (2.2.3)
7.5 to 8.5. _

Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Chlorides (2.4.4)
Maximum 330 ppm.

Dissolve 1.0 g in waterR and dilute to 100 mL with the
same solvent.

Nitrates
Maximum 3 ppm.

Dissolve 1.0 g in distilled 'Water R and dilute to 10 mL with
the same solvent, add 5 mg of sodium chloride R, 0.05 ml, of
indigo carmine solution R and while stirring, 10 mL of nitrogen
free sulfuric acidR. A blue colour is produced which persists
for at least 10 min.

Sulfates (2.4.13)
Maximum 600 ppm.

Dissolve 0.25 g in distilled 'Water R and dilute to 15 mL with
the same solvent.

Aluminium (2.4.17)
Maximum 1 ppm.

Prescribed solution Dissolve 4.0 g in waterR and dilute to
100 mL with the same solvent. Add 10 mL of acetate buffer
solution pH 6.0 R.
Reference solution Mix 2 mL of aluminium standard solution
(2 ppmAD R, 10 mL of acetate buffer solution pH 6.0 R and
98 mL of waterR.
Blank solution Mix 10 mL of acetate buffersolution pH 6.0 R
and 100 mL of waterR.

Calcium (2.4~35
Maximum 100 ppm.

Dissolve 1.0 g in distilled 'Water R and dilute to 15 mL with
the same solvent.

Potassium
Maximum 0.1 per cent.

Atomic emission spectrometry (2.2.22~ Method II).

Test solution Dissolve 0.5 g in 'Water R and dilute to 100 mL
with the same solvent.

Reference solutions Prepare the reference solutions using
potassium standard solution (600ppmK) R, diluted as
necessary with waterR.
Wavelength 766.5 run.

Sodium
Maximum 0.5 per cent.

Atomic emission spectrometry (2.2.22~ Method II).

Test solution Dissolve 1.0 g in waterR and dilute to 100 mL
with the same solvent.

Reference solutions Prepare the reference solutions using
sodium standard solution (200 ppmNa) R, diluted as necessary
with waterR.
Wavelength 589.0 nm.

Readily oxidisable substances
Dissolve 2.0 g in 100 m.Lof boiling waterR, add 6 mL of a
150 g/L solution of sulfuric acidRand 0.3 mL of 0.02 M
potassium permanganate. Mix and boil gently for 5 min.
The pink colour is not completely discharged.

Water (2.5.12)
33.0 per cent to 35.0 per cent, determined on 0.100 g.

16674-78-5

Action and use
Used in dialysis solutions.

(ph. Bur. monograph 2035)

Mg(CH3COO)2,4H20 214.5

Magnesium Acetate Tetrahydrate

DEFINITION
Content
98.0 per cent to 101.0 per cent of magnesium acetate
(anhydrous substance).

CHARACTERS
Appearance
Colourless crystals or white or almost white, crystalline
powder.

Solubility
Freely soluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Dissolve about 100 mg in 2 mL of waterR. Add 1 mL of
dilute ammonia Rl and heat. A white precipitate is formed
that dissolves slowly on addition of 5 mL of ammonium
chloride solution R. Add 1 mL of disodium hydrogen phosphate
solution R. A white crystalline precipitate is formed,

B. It gives reaction (b) of acetates (2.3.1).

11 triturate R. Titrate with 0.1 M sodium edetate until the
colour changes from violet to pure blue.

1 mL of 0.1 M sodium edetate is equivalent to 5.832 mg of
Mg(OH)2'

Sodiwn
Maximum 0.10 per cent.

Atomic absorption spectrometry (2.2.23~ Method1).

Test solution Weigh 2.00 g into a 100 mL volumetric flask,
place in an ice-bath, add 5 mL of nitric acidR and swirl to
mix. Allow to warm to room temperature and dilute to
100 mL with waterR. Filter, if necessary, to obtain a clear
solution. Dilute 10.0 mL of the filtrate to 100.0 mL with
toater R.
Reference solutions Prepare the reference solutions using
sodiumstandard solution (200 ppmNa) R, diluted as necessary
with dilute nitric acidR.

Source Sodium hollow-cathode lamp.

Wav~length 589 nm,
Atomisationdevice.:::,: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 ovenat 200°C for 4 h.

ASSAY -
To 1.500 g add 50.0 mL of 1 M hydrochloric acid. Titrate the
excess hydrochloric acid with 1 M sodium hydroxide to
pH 3.0, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

1 mL of 1 M hydrochloric acid is equivalent to 35.40 mg
of AlSMglO(OH )31(S04h.

I,
I
\
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ASSAY
Dissolve 0.150 gin 300 rn.L of waterR. Carry out the
complexometric titration of magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 14.24 mg of
C4H6Mg04•

- PhEur

Magnesium Aluminometasilicate
(Ph. Bur. monograph 2854)

Action and use
Excipient.

PhEur _

DEFINITION
Magnesium alurninometasilicate of synthetic origin exists 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 (Si02; M r 60.1): 29.2 per cent to

35.6 per cent (dried substance);
- aluminium oxide (Alz03; M r 102.0): 29.1 per cent to

35.5 per cent (dried substance);
- magnesium oxide (MgO; Mr 40.30): 11.4 per cent to

14.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder or granules.

Solubility
Practically insoluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. To 0.5 g add 5 mL of a mixture of 1 volume ofsuljuric
acidR and 2 volumes of waterR and heat until white fumes
evolve. Cool, add 20 rn.Lof waterR 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 obtained in identification test A 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. Filter and add a few drops
of phenolphthalein solution R to the residue. The residue turns
pink. Wash the residue with waterR until the pink colour is
completely discharged and the residue remains white upon
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 again in a short time.

C. To 2 mL of the supernatant obtained after centrifugation
in identification test B, add I mL of dilute ammonia R1 and
1 mL of ammonium chloride solution R. Upon the addition of
dilute ammonia Rl a white precipitate may form, which
dissolves after addition of the ammonium chloride solution R.
Add 1 mL of disodium hydrogen phosphate solution R. A white
precipitate is formed.

TESTS
Solution S
Disperse 10.0 gin 100.0 mL of waterR and boil gently for
15 min with shaking. After cooling, dilute to 100.0 mL with
water R and centrifuge. Dilute 50.0 mL of the clear
supernatant to 100.0 mL with waterR.

2020

pH (2.2.3)
6.0 to 8.5 for type A; 8.5 to 10.5 for type B.

Disperse 2.0 gin 50 mL of carbon dioxide-free water R. Read
the pH after the electrode has been immersed in the
suspension for 2 min.

Water-soluble salts
Maximum 1.5 per cent.

Evaporate 25 mL of solution S to dryness on a water-bath
and heat at 700 DC 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 15 mL with water 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.

Iron (2.4.9)
Maximum 300 ppm.

Disperse 0.10 g in 8 mL of dilute nitric acidR, boil for 1 min,
cool and dilute to 30.0 mL with waterR. Centrifuge and use
10 m.L of the clear supernatant.

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.

NeutraIising 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 1 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 acidR and evaporate to dryness on a water
bath. Moisten the residue with hydrochloric add Rand
evaporate to dryness on a water-bath. To the residue add
8 m.L of hydrochloric acidR, stir, add 25 mL of boiling
waterR and stir again. Allow to stand, then filter the
supernatant through filter paper. To the residue in the
container add 10 mL of boiling waterR, 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 waterR, each time filtering the washings through the
filter paper. Add 50 mL of waterR 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
boiling waterR until no further precipitate is formed when
1 m.L of silver nitrate solution R1 is added to 5 mL of the
washings. Transfer the residue and the filter paper to a
platinum crucible that has been weighed prior to the
transfer (a). Heat strongly to incinerate and continue to heat
at 775-825 °C for 1 h. Cool and weigh (b).

Calculate the percentage content of silicon dioxide (Si02)

using the following expression:

b-a
- xlOO

m
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____________________ PhEur

Magnesium Aspartate
(Magnesium Aspartate Dihydrate, Ph. Bur.
monograph 1445)

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 the same
solvent.

Reference solution Dissolve 10 mg of magnesium aspartate
dihydrate CRS in water R and dilute to 50 mL with the same
solvent.

Plate TLC silica gelplateR.

Mobilephase glacial acetic acidR, waterR, butanolR
(20:20:60 VIV/V).

Application 5 J1L.
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.

D. Ignite about 15 mg until a white residue is obtained.
Dissolve the residue in 1 mL of dilute hydrochloric acid R,
neutralise to redlitmuspaperR by adding dilute sodium
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 carbon dioxide-free waterR 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, Method Il).

pH (2.2.3)
6.0 to 8.0 for solution S.

Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 0.120 g of the substance to be
examined in waterR and dilute to 100.6 ml, with the same
solvent.

Reference solution (a) Dissolve 0.100 gof ti-aspartic acid R
(impurity A) in waterR and dilute to 100.0 mL with the
same solvent.

Reference solution (b) Dissolve 0.120 g of the substance to
be examined in 90 mL of water R, add 0.3 mL of reference
solution (a) and dilute to 100.0 mL with waterR.

Reference solution (c) Dilute 0.3 mL of reference solution (a)
to 100.0 mL with waterR.

Column:
- size: 1= 0.15 m, 0 = 4.6 rom;
- stationary phase: L-penicillamine coated silica gelfor chiral

separations R (5 urn);
- temperature: 30°C.

Mobilephase 2-propanol R, 0.5 gIL solution of copper sulfate
pentahydrateR (5:95 VIV).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 230 nm.

Injection 20 /lL.
Relative retention 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.

215533-00-9324.5CSHIZMgNzOs,2HzO
PhEur _

DEFINITION
Magnesium bis [(35')-3-ammo-3-carboxypropanoate]
dihydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water.

IDENTIFICATION
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 WL solution of hydrochloric acidR
and dilute to 25.0 mL with the same acid.

B. Enantiomeric purity (see Tests).

[
H NH2 ~M 2+ -OC V

9 2 ~COH
2 2

Aluminium oxide
In a conical flask disperse 1.250 g in 15 mL of dilute
hydrochloric acid R and 50 mL of waterR and heat on a
water-bath for 15 min. To this solution add 8 mL of
hydrochloric acid R and heat on a water-bath for 10 min. After
cooling, transfer the solution to a 250 mL volumetric flask,
rinse the conical flask with water R and add the washings to
the volumetric flask. Dilute to volume with waterR.
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 M sodium edetate is equivalent to 5.098 mg of
AlZ03•

Magnesium oxide
Transfer 100.0 mL of the testsolution obtained in the assay
for altiminium 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 buffersolution pH 10.7 R
and 40 mg of mordant black 11 triturate R. Titrate with 0.1 M
sodium edetate until-the colour changes from violet to pure
blue.

1 mL of 0.1 Msodium edetate is equivalent to 4.030 mg of
MgO.

LABELLING
The label states the type of magnesium aluminometasilicate.

STORAGE
In an airtight container.
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Calculation ofpercentage content:
- for impurity A, use the concentration of impurity A in

reference solution (c).

Limit:.
- impurit;y 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 ofa 618 gIL solution of hydrochloric
acidR and dilute to 10.0 mL with waterR.
Reference solution (a) Dissolve 20.0 mg of malic acidR
(impurity B) in water R and dilute to 20.0 mL with the same
solvent.

Reference solution (b) Dissolve 10.0 mg of maleic acidR
(impurity I) in water R and dilute to 10.0 mL with the same
solvent. Dilute 1.0 mL of the solution to 10.0 mL with
water R.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with reference solution (a).

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with water R.
Reference solution (e) Dissolve 10.0 mg ofjumaric acidR
(impurity C) in water R and dilute to 10.0 mL with the same
solvent. Dilute 1.0 mLofthe solution to 100.0 mL with
waterR.
Column:
- size: 1= 0.30 m, 0 =7.8 mrn;
- stationary phase: cation-exchange resin R (9 1J.Il1);
- temperature: 30°C.

Mobilephase 0.39 gIL solution of sulfuric acidR.
Flow rate 0.6 mIlmin.

Detection Spectrophotometer at 214 nm.

Injection 10 JIL.
Run time 4 times the retention time of impurity 1.
Identification ofimpurities Use the 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 suilabilit;y Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurities I and B.
Calculation ofpercentage contents:
- for impurities C and I, use the concentration of impurity I

in reference solution (b).
- for impurities other than C and I, use the concentration

of impurity B in reference solution (d).

Limits:
- impurity C: maximum 0.10 per cent;
- impurity I: maximum 0.10 per cent;
- unspecified impurities: for each impurity, maximum

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

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method 1.

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

2020

chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.

Solution A dilute hydrochloric acidRl or a sample preparation
buffer suitable for the apparatus used.

Testsolution 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 to 250.0 mL with solution A.
Reference solution (c) 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 solution (d) Dissolve 30 mg of isoleucine R 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 solution 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 suitabilifJI Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

isoleucine and leucine.

Calculation ofpercentage contents:
- for any ninhydrin-positive substance detected at 570 nm,

use the concentration ofmagnesium aspartate 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.

Limits:
- any ninhydrin-positiue substance: for each impurity,

maximum 0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 500 ppm.

Dilute 12 mL of solution S to 15 mL with distilled waterR.
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.

Injection Test solution, reference solution (c) and blank
solution.

Limit:
- ammonium at 570 nm: not more than twice the area of the

corresponding peak in the chromatogram obtained with
reference solution (c) (0.04 per cent), taking into account
the peak due to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 50 ppm.
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In a separating funnel, dissolve 0.20 gin 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 R and
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.

Dissolve the substance to be examined in a mixture of 2 mL
of anhydrous methanol Rand 10 mL offormamide R1 at 50°C
protected from moisture. Allow to cool. Carry out a blank
determination,

ASSAY
Dissolve 0.260 g in 10 mL of water R and carry out the
complexometric titration of magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 28.85 mg of
CSH12MgN20S'

IMPURITIES
Specified impurities»: A, C, 1.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograpli.'They arelimited by the general acceptance
criterion for other/~nspecijied impurities and/or by thegeneral
mqyograph 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) B, D, E, F, G, H.

A. (2R)-2-aminobutanedioic acid (n-aspartic acid),

B. (2RS)-2-hydroxybutanedioic acid (malic acid),

C. (2E)-but-2-enedioic acid (fumaric acid),

D. (2S)-2-aminopentanedioic acid (glutamic acid),

E. (2S)-2-aminopropanoic acid (alanine),

F. butanedioic acid (succinic acid),

G. (2S)-2,5-diamino-5-oxopentanoic acid (t-glutamine),

Magnesium Carbonate 11-177

H. (2S)-2,4-diamino-4-oxobutanoic acid (asparagine),

I. (2Z)-but-2-enedioic acid (maleic acid).
____________________ PhEur

Heavy Magnesium Carbonate
(ph. Eur. monograph 0043)

Action and use
Antacid; osmotic laxative.

Preparations
Calcium Carbonate and Heavy Magnesium Carbonate
Chewable Tablets

Compound Magnesium Trisilicate Oral Powder

PhEur _

DEFINITION
Hydrated basic magnesium carbonate.

Content
40.0 per cent to 45.0 per cent, calculated as MgO
(Mr 40.30).

CHARAC~RS -
Appearance
White or almost white powder.

Solubility
Practically insoluble in water. It dissolves in dilute acids with
effervescence.

IDENTIFICATION
A. Bulk density (2.9.34): minimum 0.25 glmL.
B. It gives the reaction of carbonates (2.3.1).

C. Dissolve about 15 mg in 2 mL of dilute ni'tric acidRand
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 acidR. When the
effervescence has ceased, boil for 2 min, allow to cool and
dilute to 100 mL with dilute acetic acidR. 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 than reference
solution B4 (2.2.2, MethodII).

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-glass filter (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.
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Any residue obtained during the preparation of solution S,
washed, dried, and ignited at 600 ± SO °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 solution S to 15 mL with distilled waterR.

Arsenic (2.4.2, Method A)
Maximum 2 ppm, determined on 10 mL of solution S.

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 hydrochloric acidR and dilute
to 10 mL with waterR. Dilute 2.5 mL of the solution to
10 mL with waterR.

ASSAY
Dissolve 0.150 g in a mixture of 2 mL of dilute hydrochloric
acidRand 20 mL of waterR. Carry out the complexometric
titration of magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 4.030 mg
of MgO.

FUNCTIONAliTY-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 excipient (see chapter
5.15). Some of 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
mandatory pan is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. W7zere control methods arecited, they are
recognised as being suitable for the purpose, but other methods can
also beused. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.
Thefollowing characteristics may be relevant for heavy magnesium
carbonate usedasfiller in tablets.

Particle-size distribution (2.9.31 or 2.9.38)

Bulk and tapped density (2.9.34)
____________________ PhEur
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Light Magnesium Carbonate
(Ph. Bur. 11U77Wgraph 0042)

Action and use
Antacid; osmotic laxative.

Preparations
Aromatic Magnesium Carbonate Mixture

Kaolin Mixture

MagnesiumSulfute Mixture

Magnesium Trisilicate Mixture

PhEur _

DEFINITION
Hydrated basic magnesium carbonate.

Content
40.0 per cent to 45.0 per cent, calculated as MgO
(Mr 40.30).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water. It dissolves in dilute acids with
effervescence.

IDENTIFICATION
A. Bulk density (2.9.34): maximum 0.15 g/mL.

B. It gives the reaction of carbonates (2.3.1).

C. Dissolve about 15 mg in 2 mL of dilute nitric acidRand
neutralise with dilutesodium hydroxide solution R. The solution
gives the reaction ofmagnesi~JZ3.1).-------- --- ,_.-

TESTS
Solution S
Dissolve 5.0 g in 100 mL of dilute acetic acidR. When the
effervescence has ceased, boil for 2 min, allow to cool and
dilute to 100 mL with dilute acetic acidR. 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 than reference
solution B4 (2.2.2, Method II).

Soluble substances
MaximumLuper cent.

Mix 2.00 gwith 100 mL of waterR and boil for 5 min. Filter
whilst hot through a sintered-glass filter (40) (2.1.2), allow to
cool and dilute to 100 mL with waterR. Evaporate 50 mL of
the filtrate to dryness and dry at 100-105 °C. The residue
weighs a maximum of 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 a
maximum of 2.5 mg.

Chlorides (2.4.4)
Maximum 700 ppm.

Dilute 1.5 mL of solution S to 15 mL with water R.

Sulfates (2.4.13)
Maximum 0.3 per cent.

Dilute 1 mL of solution S to 15 mL with distilled waterR.

Arsenic (2.4.2, Method A)
Maximum 2 ppm, determined on 10 mL of solution S.
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PhEur '-- _

____________________ PhEur

Action and use
Used in the treatment of electrolyte deficiencies and in
dialysis solutions.

Preparation
Magnesium Chloride Injection

TESTS
Solution S
Dissolve 10,(> g in carbon dioxide-free water R prepared from
distilled waterR 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, Method11).

Acidity or alkalinity
To 5 mL of solution S add 0.05 mL of phenolredsolution R.
Not more than 0.3 mL of 0.01 M hydrochloric acidor 0.01 M
sodium hydroxide is required to change the colour of 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 waterR, 2.0 mL
ofphenolredsolution 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 thiosulfate, mix and dilute to 10.0 mL with
waterR. The absorbance (2.2.25) of the solution measured at
590 run, 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 mg/L solution of
potassium bromide R.

Sulfates (2.4.13)
Maximum 100 ppm, determined on solution S.

Aluminium (2.4.17)
Maximum 1 ppm, if intended for use in the manufacture of
peritoneal dialysis solutions, haemodialysis solutions, or
haemofiltration solutions.

Prescribed solution Dissolve.4_gin.l00 mL of waterRand
add 10 mL of acetate buffer solution pH 6.0 R.
Reference solution Mix 2 mL of aluminium standard solution
(2 ppm AD R, 10 mL of acetate buffer solution pH 6.0 R and
98 mL of waterR.
Blank solution Mix 10 mL of acetate 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 1 mL of solution S to 15 mL with distilled waterR.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.

Potassium
Maximum 500 ppm, if intended for use in the manufacture
of parenteral preparations.

Atomic emission spectrometry (2.2.22, Method1).

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 the
following solution, diluted as necessary with water R: 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 ug of K per millilitre).

Wavelength 766.5 nm.

Water (2.5.12)
51.0 per cent to 55.0 per cent, 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

(ph. Bur. monograph 0402)

MgCh,6HzO 203.3

Magnesium Chloride Hexahydrate

DEFINITION
Content
98.0 per cent to 101.0 per cent of MgCh,6HzO.
CHARACTERS
Appearance
Colourless crystals, hygroscopic.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENfIFICATION
A. Water (see Tests).

B. It gives reaction (a) of chlorides (2.3.1).

C. It gives the reaction of magnesium (2.3.1).

Calcium (2.4.3)
Maximum 0.75 per cent.

Dilute 2.6 mLof solution S to 150 mL with distilled 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 dilute hydrochloric acidR and dilute
to 10 mL with waterR. Dilute 2.5 mL of this solution to
10 mL with waterR.

ASSAY
Dissolve 0.150 g in a mixture of 2 mL of dilute hydrochloric
acidR and 20 mL of waterR. Carry out the complexometric
titration of magnesium (2.5.11).
1 mL of 0.1 M sodium edetate is equivalent to 4.030 mg
of MgO.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substigtce when usedas an excipient (see chapter
5.15) . Some of thechqracteristics described in theFunctionality
related characteristicssection may also bepresent in the mandatory
part of the monograph since they also represent mandatory qualit;y
criteria:. In such cases, a cross-reference to the tests described in the
mandatorypart 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 manufacturing process and theperformance of the medicinal
product duringuse. 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 characteristic are
reported, the control methodmust be indicated.
Thefollowing characteristics may be relevant for light magnesium
carbonate usedas filler in oralsoliddosage forms.
Particle-size distribution (2.9.31 or 2.9.38)

Bulk and tapped density (2.9.34)
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1 mL of 0.1 M sodiumedetate is equivalent to 20.33 mg of
MgC!z,6HzO.

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, that the substance is suitable for use in
the manufacture of parenteral preparations.

____________________ PhEur

Partially Hydrated Magnesium
Chloride
(Magnesium Chloride 4.5-Hydrate, Ph. Bur.
monograph 1341)

MgC!z,xHzOwith x ~ 4.5 95.21
(anhydrous substance)

PhEur _

DEFINITION
Content
52.5 per centto 55.5 per cent (calculated on an as-is basis,
without allowing for the results of the test for water).

CHARACTERS
Appearance
White or almost white, hygroscopic, granular powder.

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).

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 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 5 mL of solution S add 0.05 mL of phenolredsolution R.
Not more than 0.3 m.L of 0.01 M hydrochloric acidor 0.01 M
sodium hydroxide is required to change the colour of the
indicator.

Bromides
Maximum 500 ppm.

Dilute 2.0 rnL of solution S to 10.0 mL with waterR.
To 1.0 mL of the solution add 4.0 mL of waterR, 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 rnL 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, 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 mg/L solution of
potassium bromide R.

2020

Sulfates (2.4.13)
Maximum 100 ppm, determined on solution S.

Aluminium (2.4.17)
Maximum 1 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 waterRand
add 10 mL of acetate buffer solution pH 6.0 R.

Reference solution Mix 2 mL of aluminium standard solution
(2 ppm AI) R, 10 mL of acetate buffer solution pH 6.0 R and
98 mL of waterR.
Blank solution Mix 10 mL of acetate buffer solution pH 6.0 R
and 100 rnL 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 1 mL of solution S to 15 mL with distilled waterR.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.

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 with the same solvent.

Reference solutions Prepare the reference solutions using the
following solution, diluted as necessary with water R: dissolve
1.144 g of potassium chloride R, previously dried at
100-105 °C for 3 h, in waterRanddilute to 1000.0 mL with
the same solvent (600·-~gofKper millilitre).

Wavelength 766.5 nm.

Water (2.5.12)
44.0 per cent to 48.0 per cent, determined on 50.0 mg.

ASSAY
Dissolve 0.250 gin 50 mL of waterR. C~ out the
complexometric titration of magnesium (is:11).

1 mL of 0.1 M sodium edetate is equivalent to 9.521 mg
of MgClz.

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, that the substance is suitable for use in
the manufacture of parenteral preparations.

____________________ PhEur
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Magnesium Citrate
Anhydrous Magnesium Citrate

(Ph. BUT. monograph 2339)

ASSAY
Dissolve 0.150 g in 50 mL of waterR. 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.

------------- PhEur

451.1 (anhydrous substance)

DEFINITION
Trimagnesium bis(2-hydroxypropane-l,2,3-tricarboxylate)
dodecahydrate.

Content
15.0 per cent to 16.5 per cent of Mg (dried substance).

CHARACTERS
Appearance
White or almost white, fine powder.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent). Itdissolves 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 BY6 (2.2.2, MethodII).

pH (2.2.3)
6.0 to 8.5.

Disperse 5.0 g in carbon dioxide-free waterR and dilute to
100 mL with the same solvent. Centrifuge and measure the
pH of the clear supernatant.

Oxalates
Maximum 280 ppm.

Dissolve 0.50 g in a mixture of 3 mL of hydrochloric acidR
and 4 mL of water R and add 1 g of activated 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
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 jerricyanide solution R. Shake
and allow to stand for 30 min. Any pink colour in the

PhEur _

(Ph. Bur. monograph 2401)

Magnesium Citrate Dodecahydrate

3M'" [.o,c.xco.-J.. xH,O

3344-18-1451.1Mg3(C~07h

PhEur _

DEFINlTION
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 almostwhite, fine, slightly hygroscopicpowder.

Solubility
Soluble in waterr'practically insoluble in ethanol
(96 per cent). It dissolves in dilute hydrochloric acid.

IDENTIFICATION
A. Itgives the readion of citrates (2.3.1).

B. It gives the reaction of magnesium (2.3.1).

C. pH (see Tests).

D. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free water R, heating at 60°C,
cool and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension ill (2.2.1) and not more intensely coloured than
reference solutions Y7 or BY6 (2.2.2~ MethodII).

pH (2.2.3)
6.0 to 8.5 for solution S.

Oxalates
Maximum 280 ppm.

Dissolve 0.50 g in 4 mL of waterR. Add 3 mL of hydrochloric
acidR and 1 g of activated zinc R. Allowto stand for 5 min.
Transfer the liquid to a tube containing 0.25 mL of a 10 gIL
solution of phenylhydrazine 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
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 50 mg/L solution of oxalic acidR.

Sulfates (2.4.13)
Maximum 0.2 per cent.

Dilute 1.5 mL of solution S to 15 mL with distilled water R.

Calcium (2.4.3)
Maximum 0.2 per cent.

Dilute 1.0 mL of solution S to 15 mL with distilled water R.

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 cent, determined on 1.000 g by drying in
an oven at 180 ± 10°C for 5 h.

1
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____________________ PhEur

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

[

HO H C02-]H ,.
• --OH

Mg" HO~H ' <H20

HO 2

(Ph. Bur. monograph 2161)

PhEur _

pH (2.2.3)
6.0 to 8.5.

Disperse 5.0 gin carbon dioxide-free waterRand dilute to
100 mL with the same solvent. Centrifuge and measure the
pH of the clear supernatant.

Oxalates
Maximum 280 ppm.

Dissolve 0.50 g in a mixture of 3 mL of hydrochloric acidR
and 4 mL of waterR and add I g of activated zinc R. Allow
to stand for 5 min. Transfer the liquid to a tube containing
0.25 mL of a 10 gIL solution ofphenylhydrazine
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 jerricyanide solution R. Shake
and allow to stand for 30 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 4 mL of a
50 mgIL solution of oxalic acidR.

Sulfates (2.4.13)
Maximum 0.2 per cent.

Dilute 3.0 mL of solutionS to 15 mL with distilled waterR.

Calcium (2.4.3)
Maximum 0.2 per cent.

To a mixture of 2 mL of solution S and 8 mL of distilled
water R, add about 0.2 mL of ammonia R and dilute to
15 mL with distilled waterR.

Iron (2.4.9)
Maximum 100 ppm.

Dilute 4.0 mL of solution S to 10 mL with distilled waterR.

Loss on drying (2.2.32)
24.0 to 28.0.pcr-cent,deteIlriiried-on Looo g by drying in an
oven at 180 ± 10°C for 5 h.

ASSAY
Dissolve 0.200 ginS mL of dilsae hydrochloric acidR with
heating. Cool and add 50 mL of waterR. Adjust to pH 7.0
with ammonia R. Carry out the complexometric titration of
magnesium (2.5.11).

1 mL of 0.1 j\1 sodium edetate is equivalent to 2.431 mg of
Mg.

C12HzzMg014,xHzO 414.6
(anhydrous substance)

DEFINITION
Anhydrous or hydrated magnesium bis[(2R,3S,4R,5R)
2,3,4,5,6-pentahydroxyhexanoate] (anhydrous or hydrated
magnesium di(D-gluconate)).

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

Magnesium Gluconate

____________________ PhEur

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

153531-96-5613

(ph. Bur. monograph 2402)

Mg3(C6Hs0 7)z,9HzO
PhEur _

Magnesium Citrate Nonahydrate

solution is not more intense than that of a standard prepared'
at the same time and in the same manner using 4 mL of a
50 mgIL solution of oxalic add R.

Sulfates (2.4.13)
Maximum 0.2 per cent.

Dilute 3.0 mL of solution S to 15 mL with distilled waterR.

Calcium (2.4.3)
Maximum 0.2 per cent.

To a mixture of 2 mL of solution S and 8 mL of distilled
waterR, add about 0.2 mL of ammonia R and dilute to
15 mL with distilled waterR.

Iron (2.4.9)
Maximum 100 ppm.

Dilute 4.0 mL of solution S to 10 mL with distilled 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 ginS mL of dilute hydrochloric add R with
heating. Cool and add 50 mL of water R. Adjust to pH 7.0
with ammonia R. Carry out the complexometrlc titration of
magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 2.431 mg of
Mg.

DEFINITION
Trimagnesium bis(2-hydroxypropane-1,2,3-trlcarboxylate)

-nonahydrate.

Content
15.0 per cent to 16.5 per cent of Mg (dried substance).

CHARACTERS
Appearance
White or almost white, fine powder.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent). It 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 gin 15 mL of dilute hydrochloric acid R 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 BY6 (2.2.2, Method11).
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PhEur _

_____________-.,- PhEur

Magnesium Glycerophosphate

194.4

H OH
•." O'

HO~O, I
and Mg2+ ~ - O·

o
and enantiomer

o o·
\\ I
P

Mg2+ 0'" '0·

HO~OH

(ph. Bur. monograph 1446)

Action and use
Excipient.

Preparations
Magnesium Glycerophosphate Chewable Tablets

Magnesium Glycerophosphate Oral Solution

ASSAY
Dissolve 0.350 gin 100 mL of water R and carry out the
complexometric titration of magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 41.46 mg
of C12H22Mg014.

STORAGE
In an airtight container.

IDENTIFICATION
A. Mix J g with 1 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 paper develops a blue colour in contact with
piperidine R.
B. 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).

C. It gives the reaction of magnesium (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R prepared from
distilled water R and dilute to 50 mL with the same solvent.

Apperornnceofsolution
Solution S is not more opalescent than reference
suspension III (2.2.1).

Acidity
Dissolve 1.0 gin 100 mL of carbon dioxide-free waterR.
Add 0.1 mL of phenolphthalein solution R. Not more than

DEFINITION
Mixture, in variable proportions..of magnesium salts of (RS)
2,3-dihydroxypropylphosphate and 2-hydroxy-l
(hydroxymethyl)ethyl phosphate, which may be hydrated.

Content
11.0 per cent to 12.5 per cent of Mg (dried substance).

CHARACTERS
Appearance " _..
White or almost white powder, hygroscopic.

Solubility
Practically insoluble in ethanol (96 per cent). It dissolves in
dilute solutions of acids.

CHARACTERS
Appearance
White or almost white, 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 solution Dissolve 20 mg of calcium gluconate CRS
in 1 mL of waterR, heating ifnecessary in a water-bath at
60°C.

Plate TLC silica gelplateR (5-40 /lID) [or TLC silica gel
plate R (2-10 J.llIl)].

Mobile phase concentrated ammonia R, ethylacetate R,
waterR, ethanol (96 per cent) R (10:10:30:50 VIVIVIV).

ApjJl~cation 1 ~;"'"
De'lJ~topment Ov:e~\3/4 of the plate.

Drying At 105 ~G¥or 20 min, then allow to cool to room
temperature.

Detection Spray with a solution containing 25 gIL of
ammoniummolybdate R and 10 gIL of cerium sulfate R in dzlute
sulfuric acidR, then heat at 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. 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
solution R. A white precipitate is formed that does not
dissolve upon the addition of 2 mL of dilute ammonia R1.

TESTS
Solution S
Dissolve 1.0 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, MethodIf).

Sucrose and reducing sugars
Dissolve 0.5 g in a mixture of 2 mL of hydrochloric acidR1
and 10 mL of waterR. Boil for 5 min, allow to cool, add
10 mL of sodium carbonate solution R and allow to stand for
10 min. Dilute to 25 mL with waterR and filter. To 5 mL of
the filtrate add 2 mL of cupri-tartaric 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 acidRand
90 mL of distilled waterR.

Water (2.5.32)
Maximum 12.0 per cent, determined on 80 mg.

Microbial contamination
TAMC: acceptance criterion 103 CFU/g (2.6.12).
TYMC: acceptance criterion 102 CFU/g (2.6.12).
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PhEur _

____________________ PhEur

STORAGE
In an airtight container.

DEFINITION
Content
95.0 per cent to 100.5 per cent of Mg(OHh.

CHARACTERS
Appearance
White or almost white, fine, amorphous powder.

Solubility
Practically insoluble in water. It dissolves in dilute acids.

ASSAY
Dissolve 0.100 g in a mixture of 2 mL of dilute hydrochloric
acidR and 20 mL of waterR. Carry 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)2'

IDENTIFICATION
A. Dissolve about 15 mg in 2 mL of dilute nitric acid R .and
neutralise with dilute 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 acetic acidRand
50 mL of distilled waterR. Not more than slight effervescence
is produced. Boil for 2 min, cool and dilute to 100 mL with
dilute acetic acidR. 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 than reference
solution B3 (2.2.2, Method II).

Soluble substances
Maximum 2.0 per cent.

Mix 2.00 g with 100 mL of waterRand boil for 5 min. Filter
whilst hot through a sintered-glass filter (40) (2.1.2), allow to
cool and dilute to 100 mL with waterR. Evaporate 50 mL of
the filtrate to dryness and dry at 100-105 °C. The residue
weighs not more than 20 mg.

Substances insoluble in acetic acid
Maximum 0.1 per cent.

Any residue obtained during the preparation of solution S,
washed, dried, and ignited at 600 ± 50°C, weighs not more
than 5 mg.

Chlorides (2.4.4)
Maximum 0.1 per cent.

Dilute 1 mf..of.solution-S to IS rnl, With. waterR.

Sulfates (2.4.13)
Maximum 1.0 per cent.

Dilute 0.3 mL of solution S to 15 mL with distilled waterR.

Arsenic (2.4.2, Method A)
Maximum 4 ppm, determined on 5 mL of solution S.

Calcium (2.4.3)
Maximum 1.5 per cent.

Dilute 1.3 mL of solution S to 150 mL with distilled waterR.

Iron (2.4.9)
Maximum 0.07 per cent.

Dissolve 0.15 gin 5 mL of dilute hydrochloric acid Rand
dilute to 10 mL with waterR. Dilute 1 mL of the solution to
10 mL with waterR.

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.

____________________ PhEur

1309-42-8

Action and use
Antacid; osmotic laxative.

Preparations
Co-magaldrox Oral Suspension

Co-magaldrox Tablets

Magnesium Hydroxide Mixture

(ph. Bur. monograph 0039)

Mg(OH)2 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.
Filter and wash the residue with 5 mL of ethanol
(96 per cent) R. Combine the filtrate and the washings,
evaporate to dryness on a water-bath and dry the residue at
70°C for 1 h. The residue weighs a maximum of 15 mg.

Chlorides (2.4.4)
Maximum 0.15 per cent.

Dissolve 1.0 g in 'Water R and dilute to 100 mL with the
same solvent. Dilute 3.5 mL of this solution to 15 mL with
waterR.

Phosphates (2.4.11)
Maximum 0.5 per cent.

Dilute 4 mL of solution S to 100 mL with waterR. Dilute
1 mL of this solution to 100 mL with waterR.

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 dilute to 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.

ASSAY
Dissolve 0.200 gin 40 mL of waterR. Carry out the
complexometric titratiop. of magnesium (2.5.11).

1 mL of 0.1 M sodiumedetate is equivalent to 2.431 mg of
Mg.
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Magnesium Lactate Dihydrate

1\1agnesium Oxide 11-185

Heavy Magnesium Oxide
(Ph. Eur. monograph 2160) (Ph. Bur. monograph 0041)

MgO 40.30

Action and use
Antacid; osmotic laxative.

1309-48-4

238.5 PhEur --'- _

PhEur _

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
White or almost white, crystalline or granular powder.

Solubility',::
Slightly soluble irrwater, soluble in boiling water, practically
insoltible inethanol (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 dioxide-free water R
prepared from distilled waterR, allow to cool 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 BY6 (2.2.2, MethodII).

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 water R.

Sulfates (2.4.13)
Maximum 400 ppm.

Dilute 7.5 mL of solution S to 15 mL with distilled waterR.

Iron (2.4.9)
Maximum 50 ppm.

Dilute 4 mL of solution S to 10 mL with water 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 waterR and dilute to 300 mL with the
same solvent. Carry out the complexometric titration of
magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 20.25 mg
of Ct#lOMg06.
____________________ PhEur

DEFINITION
Content
98.0 per cent to 100.5 per cent of MgO (ignited substance).

CHARACTERS
Appearance
Fine, white or almost white powder.

Solubility
Practically insoluble in water. It dissolves in dilute acids with
at most slight effervescence.

IDENTIFICATION
A. Bulk density (2.9.34): minimum 0.25 glmL.
B. Dissolve about 15 mg in 2 mL of dilute nitric acidRand
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 water Rand
70 mL of acetic acidR, boil for 2 min, cool and dilute to
100 mL with dilute acetic acidR. Filter, ifnecessary, through
a previously ignited and tared porcelain or silica filter crucible
of suitable porosity to-give aClear filtrate.

Appearance of solution
Solution S is not more intensely coloured than reference
solution B3 (2.2.2, Method II).

Soluble substances
Maximum 2.0 per cent.

To 2.00 g add 100 mL of waterR andboil for 5 min. Filter
whilst hot through a sintered-glass filter (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 a maximum of 20 mg.

Substances insoluble in acetic acid
Maximum 0.1 per cent.

Any residue obtained during the preparation of solution S,
washed, dried and ignited at 600 ± 50 "C, weighs a
maximum of 5 mg.

Chlorides (2.4.4)
Maximum 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 distilled waterR.

Arsenic (2.4.2, MethodA)
Maximum 4 ppm, determined on 5 mL of solution S.

Calcium (2.4.3)
Maximum 1.5 per cent.

Dilute 1.3 mL of solution S to 150 mL with distilled waterR.
15 mL of the solution complies with the test.

Iron (2.4.9)
Maximum 0.07 per cent.

www.webofpharma.com



11-186 Magnesium Oxide 2020

PhEur _

____________________ PhEur

Action and use
Antacid; osmotic laxative.

Preparation
Compound Sodium Picosulfate Powder for Oral Solution

DEFINITION
Content
98.0 per cent to 100.5 per cent of MgO (ignited substance).

CHARACTERS
Appearance
Fine, white or almost white, amorphous powder.

Solubility
Practically insoluble in water. It dissolves in dilute acids with
at most slight effervescence.

IDENTIFICATION
A. Bulk density (2.9.34): maximum 0.15 g/mL.

B. Dissolve about 15 mg in 2 mL of dilute nitric acidR and
neutralise with dihae sodium hydroxide solution R. The solution
gives the reaction of magnesium (2.3.1).

C. Loss on ignition (see Tests).

TESTS
SolutionS
Dissolve 5.0 g in a mixture of 30 rnL of distilied water Rand
70 rnL of aceticacid 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 a suitable porosity to give a clear filtrate.

Appearance of solution
Solution S is not more intensely coloured than reference
solution Bz (2.2.2, Method If).

Soluble substances
Maximum 2.0 per cent.

To 2.00 g add 100 mL of waterR and boil for 5 min. Filter
whilst hot through a sintered-glass filter (40) (2.1.2), allow to
cool and dilute to 100 mL with waterR. Evaporate 50 rnL of
the filtrate to dryness and dry at 100-105 °C. The residue
weighs a maximum of 20 mg.

Substances insoluble in acetic acid
Maximum 0.1 per cent.

Any residue obtained during the preparation of solution S,
washed, dried, and ignited at 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 to 15 rnL with waterR.

Sulfates (2.4.13)
Maximum l.OpeI-eenr;- --------

Dilute 0.3 mL of solution S to 15 mL with distilled waterR.

Arsenic (2.4.2, Method A)
Maximum 4 ppm, determined on 5 mL of solution S.

Calcium. (2.4.3)
Maximum 1.5 per cent.

Dilute 1.3 mL of solution S to 150 mL with distilled waterR.
15 mL of this solution complies with the test.

Iron (2.4.9)
Maximum 0.1 per cent.

Dissolve 50 mg in 5 rnL of dilute hydrochloric acidRand
dilute to 10 mL with waterR. Dilute 2 mL of this solution to
10 rnL with waterR.

Loss on ignition
Maximum 8.0 per cent, determined on 1.00 gat
900 ± 25°C.

ASSAY
Dissolve 0.320 gin 20 mL of dilute hydrochloric acidRand
dilute to 100.0 mL with waterR. Using 20.0 rnL 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
of MgO.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics 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 characteristics described in the Functionality
related characteristics section may also bepresent 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

1309-48-4

Light Magnesia

(Ph. Bur. monograph 0040)

MgO 40.30

Light Magnesium Oxide

Dissolve 0.15 ginS mL of dilutehydrochloric acid Rand
dilute to 10 mL with waterR. Dilute 1 rnL of the solution to
10 mL with water R.

Loss on ignition
Maximum 8.0 per cent, determined on 1.00 g at
900 ± 25 ~C"

ASSAY
Dissolve 0.320 gin 20 mL of dilutehydrochloric acidRand
dilute to 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 to 4.030 mg
of MgO.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevantcontrol parameters for one or more
functions of the substance when used as 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 also represent mandatoryquality
criteria. In such cases" 'a cross-reference to the tests described in the
mandatory part is includedin the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinalproductby improvingthe consistency
of the manufacturing process and the performance of the medicinal
product duringuse. Where control methods are cited, they are
recognised as beingsuitable for the purpose, but othermethods can
also beused. Wherever results for a particular characteristic are
reported, the control method must be indicated.

Thefollowing characteristics may be relevant for heavy magnesium
oxide used asfiller 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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____________________ PhEur

(Ph. Eur. monograph 1619)

Magnesium Pidolate

62003-27-4280.5ClOH1ZMgNZ0 6

PhEur _

[

H co-j
Mg" O~H2 2

Acid insoluble substances
Maximum 0.1 per cent.

Any residueobtained during the preparation of solution SI,
washed, dried and ignited at 600 ± 50°C, weighs a
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 acidR and dilute to
15 mL with waterR.

Sulfates (2.4.13)
Maximum 0.5 per cent.

Dilute 3 mL of solution 82 to 15 mL with distilled water R.

Arsenic (2.4.2, MethodA)
Maximum 4 ppm, determined on 5 mL of solution 81.

Calcium (2.4.3)
Maximum 1.0 per cent.

Dilute 1 mL of solution 82 to 15 mL with distilled water R.

Iron (2.4.9)
Maximum 500 ppm.

Dilute 2 mL of solution 82 to 10 mL with water R.

ASSAY
Dissolve 80.0 mg, shaking cautiously, in a mixture,
previously cooled to 20°C, of 10 mL of sulfuric acidR and
90 mL of waterR. Titrate with 0.02 M potassium
pemzanganate until-a-pinkcolour is obtained.

1 mL of 0.02 M potassium permanganate is equivalent to
2.815 mg of MgOz.

STORAGE
Protected from light.

DEFINITION
Magnesium bis [(2S)-5-oxopyrrolidine-2-carboxylate].

Content
8.49 per cent to 8.84 per cent of Mg (Ar = 24.31)
(anhydrous substance).

CHARACTERS
Appearance
Amorphous, white or almost white powder, hygroscopic.

Solubility
Very soluble in water, soluble in methanol, practically
insoluble in methylene chloride.

PhEur ._._"' --"-"-- _

DEFINITION""
Mixture of magnesium peroxide and magnesium oxide.

Content
22.0 per cent to 28.0 per cent of MgOz (Mr 56.30).

CHARACTERS
Appearance
White or slightly yellow, amorphous, light powder.

Solubility
Practically insoluble in water and in ethanol (96 per cent).
It dissolves in dilute mineral acids.

(Ph. Eur. monogr~ph 1540)

Magnesium Peroxide

mandatory part is included in theFunctionality-related
characteristics section. Control of the characteristics can contribiae
to the quality of a medicinal product by improving the consistency
of the manufacturing 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. W'herever results for a particular characteristic are
reported, the control methodmust be indicated.
Thefollowing characteristics may berelevant for lightmagnesium
oxide usedasfiller in oralsoliddosage forms.

Particle-size distribution (2.9.31 or 2.9.38)

Bulk and tapped density (2.9.34)

IDENTIFICATION
A. Dissolve about 15 mg in 2 mL of dilute nitric acidR and
neutralise with dilute sodium hydroxide solution R. The solution
gives the reaction of magnesium (2.3.1).

B. Dissolve 50 mg in 2 mL of dilute sulfuric acidR.
Add 2 mL of a 5 gIL solution of potassium permanganate R
and shake. The solution becomes colourless with evolution of
gas.

TESTS
Solution S1
Dissolve cautiously 5.0 gin 40 mL of hydrochloric acidRl.
Cautiously evaporate the solution to 10 mL and dilute to
100 mL with a mixture of equal volumes of acetic acidR and
distilled waterR. 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 acid insoluble substances.

Solution S2
Dilute 5 mL of solution S 1 to 25 mL with distilled waterR.

Appearance of solution
Solution S1 is not more intensely coloured than reference
solution B4 (2.2.2;, Method II).

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 hydrochloric acid is necessary
to change the colour of the indicator. Keep the filtrate for the
test for soluble substances.

____________________ PhEur
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IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 60 mg of the substance to be
examined in 2 mL of waterR and dilute to 10 mL with
methanol R.
Reference solution, Dissolve 55 mg of pidolic acidCRS in
2 mL of waterR and dilute to 10 m.L with methanol R.
Plate TLC silica gelplateR.
Mobile phase methanolR, glacial acetic acidR, methylene
chloride R (15:20:65 V/V/V).

Application 1!JL.

Development Over 2/3 of the plate.

Drying At 100-105 °C for 15 min.

Detection Spray with strong sodium hypochlorite solution R.
Allow to stand for 10 min and spray abundantly with glacial
acetic acidR. Allow to stand again for 10 min and dry at
100-105 °C for 2 min. Spray with potassium iodide and starch
solution R until spots appear.

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. The chromatogram obtained with the test
solution may show 2 faint secondary spots.

E. To 0.15 mL of solution S (see Tests) add 1.8 mL of
waterR. The solution gives the reaction of magnesium
(2.3.1).

TESTS
Solution S
Dissolve 5.00 g in carbon dioxide-free waterR prepared from
distilled waterR 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 solution Bs (2.2.2~ Method1).

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
solution S.

Impurity A
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.250 g of the 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 waterR 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 acidRand
10 mg of glutamic acidR in waterR and dilute to 25 mL with
the same solvent. Dilute 1 m.L of the solution to 10 mL with
waterR.
Plate TLC silica gelplateR.
jl;[obile phase glacial acetic acidR, water R, butanol R
(20:20:60 V/V/V).

Application 5!JL.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninh;ydrin solution R and heat at
100-105 °C for 15 min.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

2020

Limit:
- impurity A: any spot due to impurity A is not more

intense than 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 pidolate
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
50.0 mL with the mobile phase.

Reference solution (c) Dilute 10.0 mL of reference
solution (b) to 100.0 mL with the mobile phase.

Reference solution (d) Dilute 1.0 mL of nitrate standard
solution (100 ppm N03J 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 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase Dissolve 1.56 g of sodium dihydrogen
phosphate R in 1000 mL of water for chromatography R and
adjust to pH 2.5 with a 10 per cent V/V solution of
phosphoric acidR.
Flow rate 1.5 mIJmin.

Detection Spectr~ph~~ometer at 210 nm.

Injection 10 IlL of the test solution and reference
solutions (b), (c), (d) and (e).

Run time 4 times the retention time of pidolic acid.

Retention times Pidolic acid =about 4.5 min;
impurity B = about 7.5 min.

System suitability Reference solution (e):
- resolution: minimum 10 between the peaks due to pidolic

acid and impurity B.

Limits:
- impurity B: not more than 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
with reference solution (c) (0.10 per cent);

- totalof other impurities: 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 limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent); disregard any peak due to the nitrate
ion (N03l.

Chlorides (2.4.4)
Maximum 500 ppm.

Dilute 1.0 mL of solution S to 15.0 mL with water R.

Nitrates
Examine the chromatogram obtained with the test solution in
the test for related substances.
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Limit:
- nitrates: not more than the area of the principal peak in

the chromatogram obtained with reference solution (d)
(200 ppm).

Sulfates (2.4.13)
Maximum 0.1 per cent.

Dilute 1.5 mL of solution S to 15.0 mL with distilled water R.

Iron (2.4.9)
Maximum 200 ppm.

Dilute 0.5 mL of solution S to 10 mL with water R.

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 edetate is equivalent to 2.431 mg of
Mg.

STORAGE',·
'\ • ,I ,v

In an'airtight container.

IMPURITIES'~

Specified impurities A, B.

A. (2S)-2-~opentanedioic acid (glutamic acid),

B. (2S)-2-[(2S)-5-oxopyrrolidine-2-carboxamido]
pentanedioic acid.

____________________ PhEur

Magnesium Stearate1

(ph. Bur. monograph 0229)

Action and use
Excipient.

PhEur _

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
sources of vegetable or animal origin.

Content
- magnesium (Mg; Ar 24.305): 4.0 per cent to 5.0 per cent

(dried substance);
- stearic acid in thefatty add fraction: minimum

40.0 per cent;
- sum of stearic add and palmiticadd in thefatty acid

fraction: minimum 90.0 per cent.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

Magnesium Stearate 11-189

+CHARACTERS
Appearance
White or almost white, very fine, light powder, greasy to the
touch.

Solubility
Practically insoluble in water and in anhydrous ethanol. +
IDENTIFICATION
First identification: C, D.

OSecond 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 (2.5.1): 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 are similar in retention time to the
2 principal peaks in the chromatogram obtained with the
reference solution.

D. To 1 mL of solution S add 1 mL of dilute ammonia Rl;
a white precipitate is formed that dissolves on addition of
1 mL of ammonium chloride solution R. Add 1 mL of a
120 gIL solution of disodium hydrogen phosphate
dodecahydrate R; a white crystalline precipitate is formed.

TESTS
Solution S
To 5.0 g add 50 mL of peroxide-free etherR, 20 mL of dilute
nitric add R and 20 mL of waterR and heat under a reflux
condenseruntildissolutioniscomplete. Allow to cool. In a
separating funnel, separate the aqueous layer and shake the
ether layer with 2 quantities, each of 4 mL, of waterR.
Combine the aqueous layers, wash with 15 mL of peroxide
free ether R and dilute to 50.0 mL with waterR (solution S).
Evaporate the organic layer to dryness and dry the residue at
100-105 "C. Keep the residue for identification tests A
and B.

Acidity or alkalinity
To 1.0 g add 20 mL of carbon dioxide-free waterR and boil
for 1 min with continuous shaking. Cool and filter.
To 10 mL of the filtrate add 0.05 mL of bromothymol blue
solution R4. Not more than 0.05 mL of 0.1 M hydrochloric
acid or 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 mL with waterR.
Neutralise if necessary with nitric acid R using litmusR as
indicator. Add 1 mL of nitricadd Rand 1 mL of 0.1 M silver
nitrate and dilute to 50 mL with waterR. Mix and allow to
stand for 5 min protected from light. The turbidity, if any, is
not greater than that produced in a solution containing
1.4 mL of 0.02 M hydrochloric acid.

Sulfates
Maximum 1.0 per cent.

Dilute 6.0 mL of solution S to 40 mL with waterR.
Neutralise if necessary with hydrochloric add R using litmus R
as indicator. Add 1 mL of 3 M hydrochloric add Rand 3 mL
of a 120 gIL solution of bariumchloride R and dilute to
50 mL with water R. Mix and allow to stand for 10 min.
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The turbidity, if any, is not greater than that produced in a
solution containing 3.0 mL of 0.02 M sulfuric acid.

Cadmium
Maximum 3 ppm.

Atomic absorption spectrometry (2.2.23, Method II).

For thepreparation of all aqueous solutions andfor the rinsing of
glassware before use, employ waterthat has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange resin before use.
Select all reagents to have as Iowa content of cadmium, leadand
nickel as practicable and store all reagent solutions in containers of
borosilicate glass. Clean glassware before use by soaking in warm
8 M nitric acidfor 30 min and by rinsing with deionised water.
Blank solution Dilute 25 mL of cadmium- and lead-free nitric
acidR to 100.0 mL with waterR.
Modifier solution Dissolve 20g of ammonium dihydrogen
phosphate Rand 1 g of magnesium nitrate R in waterRand
dilute to 100 mLwith the same solvent. Alternatively, use an
appropriate matrix modifier as recommended by the graphite
furnace atomic absorption (GFAA) spectrometer
manufacturer.

Testsolution 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 usinga digestion bomb, be thoroughly familiar with the
safety and operating instructions. Carefully follow the bomb
manufacturer's instructions regarding care and maintenance of
these digestion bombs. Do not usemetaljacketedbombs or liners
which have been usedwith hydrochloric acid due to contamination
from corrosion ofthe meta/jacketby hydrochloric acid). Heat the
bomb in an oven at 170°C for 3 h. Cool the bomb slowly in
air to 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 residue in waterR and dilute to
10.0 mL with the same solvent.

Reference solution Prepare a solution of 0.0030 Jlg/mL of Cd
by suitable dilutions of a 0.00825 ug/ml, solution of cadmium
nitrate tetrahydrate R in the blank solution.

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 blank solution 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 JlL of modifier solution and mix.
These solutions contain respectively 0 ug, 0.00075 ug and
0.0015 ug of cadmium 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 nm.

Atomisation deoice Furnace.

Platform Pyrolytically coated with integrated tube.

Operating conditions Use the temperature programme
recommended for cadmium by the GFAA spectrometer
manufacturer. An example of temperature parameters for
GFAA analysis of cadmium is shown below.

Stage Final temperature Ramp time Hold time
("C) (5) (5)

Drying 110 10 20
Ashing 600 10 30
Atomisation 1800 0 5

2020

Lead
Ma..ximum 10 ppm.

Atomic absorption spectrometry (2.2.23, Method II).

For thepreparation of all aqueous solutions andfor the rinsing of
glassware before use, employ waterthat has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange resin before use.
Select all reagents to have as low a content of cadmium, leadand
nickelaspracticable and store all reagent solutions in containers of
borosilicate glass. Clean glassware before useby soaking in warm
8 M nitric acidfor 30 min and by rinsing with deionised water.
Blank solution Use the solution described in the test for
cadmium.

Modifier solution Use the solution described in the test for
cadmium.

Test solution Use the solution described in the test for
cadmium.

Reference solution Prepare a solution of 0.100 J.tg/mL of Pb
by suitable dilutions of leadstandard solution (100 ppm Pb) R
with the blank solution.

Prepare mixtures of the test solution, the reference solution
and the blank solution 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.l.L of modifier solution and mix.
These solutions contain respectively 0 Jlg, 0.025 pg and
0.05 ug oflead per millilitre from the reference solution.

Source Lead hollow-cathode lamp.

Wavelength 283.3 nm.

Atomisation device Furnace.

Platform Pyrolytically coated with integrated tube.

Operating conditions Use the temperature programme
recommended for' lead.by theGFAAspectrometer
manufacturer. An example of temperature parameters for
GFAA analysis of lead is shown below.

Stage Final temperature Ramp time Hold time
("C) (5) (5)

Drying 110 10 20
Ashing 450 10 - 30
Atomisation 2000 0 5

Nickel
Maximum 5 ppm.

Atomic absorption spectrometry (2.2.23, MethodII).

For thepreparation of all aqueous solutions andfor the rinsing of
glassware before use, employ waterthat has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange resin before use.
Select all reagents to have as lowa content of cadmium, leadand
nickelas practicable and store all reagent solutions in containers of
borosilicate glass. Clean glassware before useby soaking in warm
8 M nitric acidfor 30 min and by rinsing with deionised water.
Blank solution Use the solution described in the test for
cadmium.

Modifiersolution Dissolve 20 g of ammonium dihydrogen
phosphate R in waterR and dilute to 100 mL with the same
solvent. Alternatively, use an appropriate matrix modifier as
recommended by the GFAA spectrometer manufacturer.

Test solution Use the solution described in the test for
cadmium.

Reference solution Prepare a solution of 0.050 Jlg/mL ofNi
by suitable dilutions of a 0.2477 ug/ml, solution of nickel
nitrate hexahydrate R in the blank solution.
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- stationary phase: macrogol 20 000 R (film thickness
0.5 urn).

Carrier gas .helium for chromatography R.

Flow rate 2.4 mIJmin.

Temperature:

Detection Flame ionisation.

Injection 1~.

Relative retention With reference to methyl stearate: methyl
palmitate = about 0.9.

Systemsuitability Reference solution:
- resolution: minimum 5.0 between the peaks due to methyl

palmitate and methyl stearate;
- relative standard deviation: maximum 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.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for one or more
functions of the substance when usedas an excipient (see chapter
5.15). Some oftkichciracteristicsdescribed in the Functionality
related characteristics section may also bepresent 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 theFunctionality-related
characteristics section. Control of the characteristics can coturlbute
to the quality of a medicinal product by imRroving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. W7zere control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control method must be indicated.

Thefollowing characteristics may berelevant for magnesium
stearate usedas lubricant in tablets and capsules.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26, Methodl)
Determine the specific surface area in the PIPo range of
0.05 to 0.15.

Sample outgassing 2 h at 40 "C.

Thermogravimetry (2.2.34)

Prepare mixtures of the test solution, the reference solution
and the blank solution 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 JlL of matrix modifier solution and
mix. These reference solutions contain respectively 0 ug,
0.0125 Jlg and 0.025 Ilg of nickel per millilitre from the
reference solution.

Source Nickel hollow-cathode lamp.

Wavelength 232.0 nm.
Atomisation device Furnace.

Platform Pyrolytically coated with integrated tube.

Operating conditions Use the temperature programme
recommended for nickel by the GFAA spectrometer
manufacturer. An example of temperature parameters for
GFAA analysis of nickel is shown below.

Stage Final temperature Ramp time Hold time
CC) (s) (s)

Drying 110 10 20

As~g 1000 20 30

Atomisation 2300 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
TAMe: 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).+

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
butanolR, 5 mL of concentrated ammonia R, 3 mL of
ammonium chloride buffer solution pH 10.0 R, 30.0mL of
0.1 M sodium edetate and 15 mg of mordant black 11
triturate R. Heat at 45-50 °C until the solution is clear and
titrate with 0.1 M zinc sulfate until the colour changes from
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.

Test solution In a conical flask fitted with a reflux condenser,
dissolve 0.10 g of the substance to be examined in 5 mL of
boron trifiuoride-methanol solution R. Boil under a reflux
condenser for 10 min. Add 4 mL of heptane R through the
condenser and boil again under a reflux condenser for
10 min. Allow to cool. Add 20 mL of saturated sodium
chloride solution R. Shake and allow the layers to separate.
Dry the organic layer over 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:
- material: fused silica;
- size: l =30 m, 0 =0.32 rom;

Column

Injection port

Detector

Time
(min)

0-2

2 - 36

36 - 41

Temperature
CC)
70

70 .... 240

240

220

260
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PhEur _

____________________ PhEur

ASSAY
Dissolve 0.450 gin 100 mL of 'water R and carry out the
complexometric titration of magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 12.04 mg
of MgS04•

Action and use
Osmotic laxative; used in treatment of electrolyte deficiency.

Preparations
Magnesium Sulfate Injection

Magnesium Sulfate Mixture

Magnesium Trisilicate
(Ph. Bur. monograph 0403)

Action and use
Antacid.

Preparations
Magnesium Trisilicate Mixture

Compound Magnesium Trisilicate Chewable Tablets

Compound Magnesium Trisilicate Oral Powder

ASSAY
Dissolve 0.3 gin 50 mL of waterand carry out the
complexometric titration of magnesium, Appendix VITID.
Each mL of O.IM disodium edetate VS is equivalent to
12.04 mg of MgS04 •

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 MgS04• It may be prepared by
drying magnesium sulfate at 100° until it has lost
approximately 25% of its weight.

CHARACTERISTICS
A white powder.

Freely soluble in water; dissolves more rapidly in hot water.

IDENTIFICATION
Yields the reactions characteristic of magnesium saltsand of
sulfates, Appendix VI.

TESTS
Acidity or alkalinity
To 10 mL of a 7.5% w/v solution in carbon dioxide-free water
add 0.05 mL of phenol redsolution. Not more than 0.2 mL of
either O.OlM hydrochloric acid VS or O.OlM sodium hydroxide
VS is required to change the colour of the solution.

Arsenic
0.33 g dissolved in 25 mL of watercomplies with the Iimit test
for arsenic, Appendix vn (3 ppm).

Iron
0.33 g dissolved in 10 mL of watercomplies with the limit test
for iron,Appendix vn (30 ppm).

Chloride
0.13 g dissolved in 15 ml, ..of soater.complies with the limit test
for chlorides;Appendix VII (400 ppm).

Insoluble matter
7.5 g dissolves in 20 mL of water, producing a solution which
may be slightly turbid at first but which becomes clear in a
few minutes.

DEFINITION
It has a variable composition corresponding approximately to
Mg2Si30s,xH20.

Content
- magnesium oxide (MgO; Mr 40.30): minimum

29.0 per cent (ignited substance),

PhEur _

10034-99-8

Epsom Salts

Magnesium Sulphate Heptahydrate

(Ph. Bur. monograph 0044)

MgS04,7H20 246.5

Magnesium Sulfate Heptahydrate

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

CHARACTERS
Appearance
White or almost white, crystalline powder or brilliant,
colourless crystals.

Solubility
Freely soluble in water, very soluble in boiling water,
practically insoluble in ethanol (96 per cent).

IDENTIFICATION
A. It gives the reactions of sulfates (2.3.1).

B. It gives the reaction of magnesium (2.3.1).

TESTS
Solution 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 colourless (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL ofphenolredsolution R.
Not more than 0.2 mL of 0.01 M hydrochloric acid or 0.01 M
sodium hydroxide is required to change the colour of the
indicator.

Chlorides (2.4.4)
Maximum 300 ppm.

Dilute 1.7 mL of solution S to 15 mL with waterR.

Arsenic (2.4.2, Method A)
Maximum 2 ppm, determined on 0.5 g.

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 1 h and then at 400°C
to constant mass.
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- silicon dioxide (SiOz; Mr 60.1): minimum 65.0 per cent
(ignited substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water and in ethanol (96 per cent).

IDENfIFICATION
A. 0.25 g gives the reaction of silicates (2.3.1).

B. 1 mL of solution S (see Tests) neutralised with dilute
sodiumhydroxide 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 acidR and 4 mL of
distilled waterR. Heat to boiling with frequent shaking.
Add 12 mL of distilled waterR and allow to cool. Filter or
centrifuge to obtain a clear solution and dilute to 20 mL with
distilled waterR.

Alkalinity /""
To 10.Og in a 200:mL conical flask, add 100.0 g of waterR
and heat on a water-bath for 30 min. Allow to cool and
make up to .the initial mass with waterR. Allow to stand and
:filteror centrifuge until a clear liquid is obtained. To 10 mL
of this liquid add 0.1 mL of phenolphthalein solution R.
Not more than 1.0 mL of 0.1 M hydrochloric acid is 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, ignited, to constant mass at 900 ± 50°C,
weighs a maximum of 30 mg.

Chlorides (2.4.4)
Maximum 500 ppm.

Dilute 0.5 mL of solution S to 15 mL with waterR. Prepare
the standard using a mixture of 5 mL of chloride standard
solution (5 ppm Cl) Rand 10 mL of water R.

Sulfates (2.4.13)
Maximum 0.5 per cent.

Dilute 0.3 mL of solution S to 15 mL with distilled 'water R.

Arsenic (2.4.2~ methodA)
Maximum 4 ppm, determined on 2.5 mL of solution S.

Loss on ignition
17 per cent 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 gin 0.1 M hydrochloric 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 Mhydrochloric acid
per gram.

ASSAY
Magnesium oxide
To 1.000 g in a 200 mL conical flask, add 35 mL of
hydrochloric acidRand 60 mL of water R and heat in a water
bath for 15 min. Allow to cool, filter, wash the conical flask
and the residue with waterR and dilute the combined filtrate

Maize Oil 11-193

and washings to 250.0 rnL with waterR. Neutralise 50.0 rnL
of the solution with strong sodium hydroxide solution R (about
8 mL). 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.

Silicon dioxide
To 0.700 g add 10 mL ofdz7ute sulfuric acidRand 10 mL of
waterR. 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 with 3 quantities, each of
5 mL, of hot waterR, transfer it to the filter and wash it with
hot waterR until 1 mL of the filtrate remains clear after the
addition of 0.05 mL of dilute hydrochloric acid Rand 2 mL of
barium chloride solution R1. Incinerate the filter and its
contents in a platinum crucible, then ignite the residue
(SiOz) at 900 ± 50°C to constant mass.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics 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 characteristics described in the Functionality
related characteristics section may also bepresent 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 theFunctionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improvingthe consistency
of the manufacturing process and theperformance of the medicinal
product during use. Where control methods are cited, they are
recognised as beingsuitable forthepurpose, but other methods can
also be used. Wlfereverresults for a particular characteristic are
reported, the control methodmust be indicated.

Thefollowing characteristics may be relevant for magnesium
trisilicate usedas a lubricani in tablets and capsules.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26~ Method 1)
____________________ PhEur

Refined Maize Oil
(Ph. Bur. monograph 1342)
PhEur _

DEFINITION
Fatty oil obtained from the seeds of Zea mays L.
by expression or by extraction. It is then refined.

CHARACTERS
Appearance
Clear, lightyellow or yellow oil.

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.
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PhEur _

DEFINITION
Diethyl (2RS)-2-(dimethoxyphosphinodithioyl)butanedioate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, colourless or slightly yellowish liquid.

Solubility
Slightly soluble in water, miscible with acetone, with
cyclohexane, with ethanol (96 per cent) and with vegetable
oils.
It solidifies atabout-3-Q C: ---------_.-

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 0 to + 0.1°.

Dissolve 2.50 g in ethanol (96 per cent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture waterR, acetonitrile R (1:3 V/V).
Test solution (aJ Dissolve 0.10 g of the substance to be ,
examined in the solvent mixture and dilute to 5.0 mL with
the solvent mixture.

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with the solvent 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 solvent mixture.

Reference solution (c) Dissolve 5.0 mg of malathion
impurityA 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 solvent mixture.

121-75-5

andenantiomer

330.4

Action and use
Organophosphorus insecticide.

Preparations
Malathion Lotion

Malathion Shampoo

Malathion
(ph. Eur. monograph 1343)

____________________ PhEur

IDENTIFICATION
A. Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained with the test solution is
similar to the chromatogram obtained with 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 intended for 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)
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 thefatty-add fraction of the oil:
- fatty acids of chain length less than C16: maximum

0.6 per cent;
- palmitic acid: 8.6 per cent to 16.5 per cent;
- stearic add: maximum 3.3 per cent;
- oleic add: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 add: maximum 0.5 per cent;
- behenic add: maximum 0.5 per cent;
- other fatty acids: maximum 0.5 p~r cent.

Sterols (2.4.23)
Maximum 0.3 per cent of brassicasterol in the sterol fraction
of the oil.

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 label states:
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations;
- whether the oil is obtained by mechanical expression or

by extraction.
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_~ PhEur

(ph. Bur. monograph 0365)

Maleic Acid

110-16-7116.1C~404
PhEur _

DEFINITlON------ ---

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 with reference to the
anhydrous substance.

CHARACTERS
A white or almost white, crystalline powder, freely soluble in
water and in alcohol.

C. ethyl and methyl (ZRS)':Z-(dimethoxyphosphinodithioyl)
butanedioate (methyl analogue).

B. diethyl (ZRS)-2-(dimethoxy-S
phosphinothioyl)butanedioate (maloxon),

o

H3C~O~ S

.
II and enantiomer

H3CO : .... P,-OCHa
HSOCHa

o

IDENTIFICATION
A. Dilute 5 mL of solution S (see Tests) to 10 mL with
waterR. The pH of the dilution is less than Z.

'BiExamine the chromatograms obtained in the test for
fumaric acid. 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).

C. Dissolve 0.1 gin 10 mL of waterR (solution a).
To 0.3 mL of solution (a) add a solution of 10 mg of
resorcinol R in 3 mL of sulfuric acid R. Heat on a water-bath
for 15 min; no colour develops. To 3 mL of solution (a) add
1 mL of bromine waterR. Heat on a water-bath to remove
the bromine (15 min), heat to boiling and cool. To 0.2 mL
of this solution add a solution of 10 mg of resorcinol R in
3 mL of sulfuric acidR. Heat on a water-bath for 15 min.
A violet-pink colour develops.

TESTS
Solution 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) Method 11).

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A) B.
Other detectable 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 limitedby the general acceptance
criterion for other/unspecified impurities 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) C.

o

Hac~o~ 0 CHII I a and enantiomer
HaC"'-../0 i .... p\-S

H SOCHa
o

A. diethyl (ZRS)-Z-[(methoxy) (methylsulfanyl)-S
phosphinothioyl]butanedioate (isomalathion),

Column:
- size: 1=0.15 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(10 urn);
- temperature: 35 "C.

Mobile phase acetonitrile R, waterR (45:55 VIV)o

Flow rate 1 mlJmin.

Detection Spectrophotometer at 210 nm.

Injection 20 J.tL 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 suitabz1ity Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

impurities Band A.

Limits:
- impurity A: not more than 3 times the area of the

corresponding peak in the chromatogram obtained with
referencesolution (d) (0.3 per cent);

- impurity 13; not more than the area of the corresponding
peakin thechromatogram obtained with reference
solution (4)(0.1 per cent);

- sum.of impurities other than A and B: not more than twice
the area ofThe priIlcipal peak in the chromatogram
obtained with reference solution (b) (1 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 percent).

Water (2.5.12)
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 after 6 injections.

Calculate the percentage content of ClOH1906PS2 from the
declared content of malathion CRS.
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DEFINITION
(2RS)-2-Hydroxybutanedioic acid.

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 alcohol, sparingly soluble in
acetone.

6915-15-7134.1

(Ph. Bur. monograph 2080)

Action and use
Excipient.

Malic Acid

IDENTIFICATION
A. Melting point (2.2.14): 128°C to 132 -c,
B. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of malic acid.

TESTS
Solution S
Dissolve 5.00 g in water-Rand dilute to 25 rnL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2~ Method II).

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Water-insoluble substances
Maximum 0.1 per cent.

Dissolve 25.0 gin 100 mL of water R, filter the solution
through a tared sintered-glass filter (16) (2.1.2), wash the
filter with hot waterR and dry at 100-105 °C 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 ofjumaric add R
and 4.0 mg of maleic acidR in 25 rnL 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 for chromatography R

(9 um),
- temperature: 37 °C.

Mobzle phase 0.005 M sulfuric add.
Flow rate 0.6 rnIJmin.

_________~----------PhEur

Fumaric acid
Examine by thin-layer chromatography (2.2.27), using silica
gel GFZ54 R as the coating substance.

Testsolution (a) Dissolve 0.5 g of the substance to be
examined in acetone R and dilute to 5 mL with the same
solvent.

Test solution (b) Dilute 1 mL of test solution (a) to 50 mL
with acetone R.
Reference solution (a) Dissolve 20 mg of maleic acid CRS in
acetone R and dilute to 10 mL with the same solvent.

Reference soluiion (b) Dissolve 15 mg ofjumaric acid CRS in
acetone R and dilute to 10 mL with the same solvent.

Reference solution (c) Mix 5 mL of reference solution (a)
and 5 mL of reference solution (b).

Apply separately to the plate 5 J.LL of test solutions (a) and
(b), 5 ul, of reference solutions (a) and (b) and 10 J.LL of
reference solution (c). Develop in an unsaturated tank over a
path of 10 em using a mixture of 12 volumes of anhydrous
formic acidR, 16 volumes of chloroform R, 32 volumes of
butanol R and 44 volumes of heptane R. Dry the plate at
100°C for 15 min and examine in ultraviolet light at
254 urn. 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 with reference solution (c)
shows two clearly separated spots.

Iron
To 10 mL of solution S add 2 mL of dilute hydrochloric
acidRand 0.05 mL 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 ironstandard solution (1 ppm Fe) R, 1 mL
of dilute hydrochloric acidR, 6 mL of waterRand 0.05 mL of
bromine water R. Allow both solutions to stand for 5 min.
Any red colour in 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 ofwater.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.500 g in 50 mL of waterR. Titrate with 1 M
sodium hydroxide using 0.5 mL of phenolphthalein solution R as
indicator.

1 rnL of 1 M sodium hydroxide is equivalent to 58.04 mg of
C4H404•

STORAGE
Store in a glass container, protected from light.
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(ph. Bur. monograph 1235)

585-88-6344.3

HO~ OH

OH 0 ~.,~~~
HO O' OH

HO H····

HO
OH

Action and use
Sweetening agent.

Maltital

DEFINITION
4-0-et-D-Glucopyranosyl-D-glucitol (n-maltitol).

Content
98.0 per cent to 102.0 per cent (anhydrous substance) .

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble in water, practically insoluble in anhydrous
ethanol.

IDENTIFICATION
Firstidentification: A.
Second idendficationiBiC, D..
A. Infrared absorption spectrophotometry (2.2.24).

Comparison maltitol 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 waterR and dilute to 100.0 mL with the
same solvent.

D. Thin-layer chromatography (2.2.27).

Testsolution 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 maltitol CRS in
water R and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 25 mg of maltitol CRS and
25 mg of sorbitol CRS in water R and dilute to 10' mL with
the same solvent.

Plate TLC silica gelG plateR.

Mobile phase waterR, ethylacetate R, propanol R
(10:20:70 VIVIV).

Application 2 j.tL.

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
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.

____________________ PhEur

A. (E)-butenedioic acid (fumaric acid),

B. (Z)-butenedioic acid (maleic acid).

Detection Spectrophotometer at 210 nm.

Injection 20 j.tL.

Run Time 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): impurity B = about 0.8;
impurity A = about 1.5.

System suitability Reference solution (c):
- resolution: minimum 2.5 between the peaks due to

impurity B and malic acid.

Limits:
- impurityA: not more than twice the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (1.0 per cent),

- impurity B: not more than 0.25 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (b) (0.05 per cent),

- any otherimpurity: for each impurity, not more than
0.5 times the area of the peak due to impurity B in the
chromatogram obtained with reference solution (b)

:"to.1 percent),
-total of otherimpurities: not more than 2.5 times the area of

. :'the peak due to impurity B in the chromatogram obtained
. with reference solution (b) (0.5 per cent),

- disregard limit: 0.1 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)
Maximum 2.0 per cent, determined on 1.00 g.

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

ASSAY
Dissolve 0.500 gin 50 mL of carbon dioxide-free waterR.
Titrate with 1 M sodium hydroxide determining the end-point
potentiometrically (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 67.05 mg
ofC.Jf60s.

IMPURITIES
Specified impurities A~ B.
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11-198 Maltitol

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).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).

Dissolve 5.0 g in waterR and dilute to 50 mL with the same
solvent.

Conductivity (2.2.38)
Maximum 20 /lS·cm-1.

Dissolve 20.0 g in carbon dioxide-free waterR prepared from
distilled waterR 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 gin 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 boiling begins after 4 min and maintain
boiling for 3 min. Cool rapidly and add 100 mL of a
2.4 per cent V/V solution of glacial acetic add R and 20.0 mL
of 0.025 M iodine. With continuous shaking, add 25 mL of a
mixture of 6 volumes of hydrochloric add Rand 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
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.

Related substances
Liquid chromatography (2.2.29).

Testsolution 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 maltitol CRS in
2.0 mL of 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 waterR.
Reference solution (c) Dilute 10.0 mL of reference
solution (b) to 100.0 mL with waterR.

Reference solution (d) Dissolve 0.5 g of maltitol Rand 0.5 g
of sorbitol R in 5 mL of waterR and dilute to 10 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 urn),
- temperature: 85 ± 1 DC.

Mobile phase Degassed waterfor chromatography R.

Flow rate 0.5 mlJmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35 DC).

Injection 20 IlL of the test solution and reference
solutions (b), (c) and (d).

Run time 3 times the retention time of maltito!.

Relative retention With reference to maltitol (retention
time = about 16 min): impurity B = about 0.8;
impurity A = about 1.8.

System suitability Reference solution (d):

2020

- 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 the chromatogram obtained with
reference solution (b) (1.0 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: the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.1 per cent).

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g.

Microbial contamination
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion: 102 CFU/g (2.6.12).

If not intended for use in the manufacture of parenteral
preparations:
- TAMC: 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).

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 maltitol;
- less than 2.5 IU/g for parenteral preparations having a

concentration oJ100gIL-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 C12H24011 taking into
account the assigned content of maltitol CRS.

LABELLING
The label states:
- where applicable, the maximum 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 '~OH
HO

A. D-glucitol (n-sorbitol),
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H0k>H~O OHo 0 pH

OH OH H H

HO HO 0 HO ~~.~~
H!J'O

OH

B. iX-D-glucopyranosyl-(1-l-4)-iX-D-glucopyranosyl-(l-l-4)-D
glucitol (maltotriitol).

____________________ PhEur

Liquid Maltitol
(Ph. Bur. monograph 1236)

Action and use
Ex~ipient.

PhEur ~__-+--'- _

DEFINITION" .
Aqueous solution of a hydrogenated, partly hydrolysed
starch, composed of a mixture of mainly 4-0-iX-D
glucopyranosyl-b-glucitol (n-maltitol) with D-glucitol (D
sorbitol) and hydrogenated oligo- and polysaccharides.

Content
- D-maltitol (ClzHz40U): minimum 50.0 per cent m/m

(anhydrous substance) and 95.0 per cent to
105.0 per cent of the content stated on the label;

- D-sorbitol (C6H140 6) : maximum 8.0 per cent m/m
(anhydrous substance);

- anhydrous substance: 68.0 per cent m/m to
85.0 per cent m/m.

CHARACTERS
Appearance
Clear, colourless, syrupy liquid.

Solubility
Miscible with water and with glycerol.

IDENTIFICATION
First identification: A.
Secondidentification: B, 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 to the
principal peak in the chromatogram obtained with reference
solution (a).

B. Thin-layer chromatography (2.2.27).
Test solution Dilute 0.35 g of the substance to be examined
to 100 rnL with waterR.

Reference solution (a) Dissolve 20 mg of maltitolCRS in
waterR and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 20 mg of maltitolCRS and
20 mg of sorbitol CRS in waterR and dilute to 10 rnL with
the same solvent.

Plate TLC silica gel G plate R.

Mobile phase waterR, ethyl acetate R, propanol R
(10:20:70 V/V/V).

Application 2 ilL.
Development Over 3/4 of the plate.

Drying In air.

Maltitol Liquid 11-199

Detection Spray with 4-aminobenzoic acid solution 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
solution of sodiumperiodate 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 and colour to the
principal spot in the chromatogram obtained with reference
solution (a).

C. To 3 mL of a freshly prepared 100 gIL solution of
pyrocatechol R, add 6 rnL of sulfuric acid R while cooling in
iced water. To 3 rnL of the cooled mixture, add 0.3 rnL of
solution S (see Tests). Heat gently over a naked-flame for
about 30 s. A pink colour develops.

TESTS
Solution S
Dilute 7.0 g to 50 rnL with waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Conductivity (2.2.38)
Maximum 10 IlS.crn-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 rnL of waterR, 20 rnL of cupri-citric
solution R and a few glass beads. Heat so that boiling begins
afterd min and maintain boiling for 3 min. Cool rapidly and
add 100 mL of a 2.4 per cent V/V solution of glacial acetic
acidRand 20.0 mJ,.ofO.025Miodine. With continuous
shaking, add 25 rnL 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 1 rnL of starch solution R, added towards the
end of the titration, as indicator. Not less than 12.8 rnL of
0.05 M sodium thiosulfate is required.

Water (2.5.12)
15.0 per cent m/m to 32.0 per cent mlm, determined on
0.100 g. Use as solvent a mixture of equal volumes of
anhydrous methanolRand formamide R1. Carry out the
titration at about 50 "C.

ASSAY
Liquid chromatography (2.2.29).
Test solution Mix 1.00 g of the solution to be examined with
20 rnL of water R and dilute to 50.0 rnL with the same
solvent.

Reference solution (aJ Dissolve 50.0 mg of maltitol CRS in
2 rnL of water R and dilute to 5.0 rnL with the same solvent.

Reference solution (b) Dissolve 8.0 mg of sorbitol CRS in
2 rnL of waterR and dilute to 5.0 rnL with the same solvent.

Reference solution (c) Dissolve 50 mgof maltitol Rand
50 mg of sorbitol R in 2 rnL of waterR and dilute to 5 rnL
with the same solvent.._

Column:
- size: 1=0.3 m, 0 =7.8 rnrn;
- stationary phase: strong cation-exchange resin (calcium

form) R (9 urn);
- temperature: 85 ± 2°C.

Mobile phase Degassed waterfor chromatography R.

Flow rate 0.5 rnIJmin.
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11-200 Maltodextrin

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 20~.

Run time 3 times the retention time of maItitol.

Relativeretention 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 maltitol

and sorbitol.

Calculate the percentage contents ofo-maltitol (C12H 240 11)

and D-sorbitol (C 6H 140 6) taking into account the assigned
contents of maltitolCRS and sorbitol CRS.

LABELLING
The label states the content of D-maltitoL
_____________________ PhEur

Maltodextrin
(Ph. Eur. monograph 1542)

Action and use
Excipient.

PhEur _

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
Freely soluble in water.

IDENTIFICATION
A. Dissolve 0.1 gin 2.5 mL of waterR and heat with 2.5 mL
of cupri-tartaric solution R. A red precipitate is formed.

B. Dip, for 1 s, a suitable stick with a reactive pad containing
glucose-oxidase, peroxidase and a hydrogen-donating
substance, such as tetramethylbenziciine, in a 100 gIL
solution of the substance to be examined. Observe the colour
of the reactive pad; within 60 s a colour change is observed,
characteristic of the hydrogen-donating substance used (from
yellow to green or blue if tetramethylbenzidine is used).

C. It is a powder or granules.

D. Dextrose equivalent (see Tests).

TESTS
Solution S
Dissolve 12.5 gin carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

pH (2.2.3)
4.0 to 7.0.

Mix 1 mL of a 223.6 gIL solution ofpotassium chloride Rand
30 mL of solution S.

Sulfur dioxide (2.5.29)
Maximum 20 ppm.

2020

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 DEunits of the nominal value.

Weigh an amount of 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 mL burette.

Pipette 25.0 mL of cupri-tartaric 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 for exactly 120 s, add 1 mL of a
1 g/L solution of methylene blue R and titrate with the test
solution (VI) until the blue colour disappears. Maintain the
solution at boiling throughout the titration.

Standardise the cupri-tartaric solution using a 6.00 gIL
solution of glucose R (Va).

Calculate the dextrose equivalent using the following
expression:

300x Va x 100

VI xMxD

Vo total volume of glucose standard solution, in millilitres;
VI total volume of test solution, in millilitres;
M sample mass, in grams;
D percentage content of dry matter in the substance.

Microbial contamination
TAMe: acceptance criterion 103 CFU/g (2.6.12).

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

Absence of Escherichia colz' (2.6.13).

Absence of Salmonella (2.6.13).

LABELLING
The label states the dextrose equivalent (DE) (= nominal
value).

FUNCTIONALITY-RELATED CHARACTERISTICS
-This- section provides information. on characteristics that 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 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
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qualz'ty of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. "Where control methods arecited, they are
recognised as beingsuitable for thepurpose, 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 maltodextrin used
as filler and binder in tablets and capsules.

Dextrose equivalent
(see Tests).

Particle-size distribution (2.9.31 or 2.9.38)

Powder flow (2.9.36)
_____________________ PhEur
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2020 Manganese Glycerophosphate 11-201

PhEur _

___________________ PhEur

C3H7Mn06P,xH20 225.0
(anhydrous substance)

Hydrated Manganese
Glycerophosphate
(Ph. Bur. monograph 2163)

+ Mn" HOJO,!':.o.
HO

• XH20

~
H\ OH 0-

Mn2+ O"'p/_O'

"OH 0
and enantiomer , x H20

Sucrose and reducing sugars
Dissolve 0.5 g in a mixture of 2 mL of hydrochloric acidR1
and 10 mL of waterR. Boil for 5 min, allow to cool, add
10 mL of sodium carbonate solution R and allow to stand for
10 min. Dilute to 25 mL with waterR and filter. To 5 mL of
the filtrate add 2 mL of cupri-tartaric 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 acidRand
90 mL of distilled waterR.

Zinc
Maximum 50 ppm.

To 10 mL of solution S add 1 mL of sulfuric add Rand
0.1 mL of potassiumferrocyanide solution R. After 30 s, any
opalescence in the solution is not more intense than that in a
mixture of 1.0 mL of zinc standard solution (10 ppm Zn) R,
9 mL of water R, 1 mL of sulfuric acidRand 0.1 mL of
potassium ferrocyanide solution R.

Water (2.5.32)
Maximum 9.0 per cent, determined on 80 mg.

Microbial contamination
TAMC: acceptance criterion 103 CFU/g (2.6.12).

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

ASSAY
Dissolve 00400 gin 50 ml, ofwaterR. Add 10 mg of ascorbic
acidR, 20 mLorammonium chloride buffer solution pH 10.0 R
and 0.2 mL of a 2 gIL solution of mordant black 11 R in
triethanolamine R. Titrate with 0.1 M sodium edetate until the
colour changes from violet to pure blue.

1 mL of 0.1 M sodium edetate is equivalent to 44.52 mg
of C12H22Mn014.

STORAGE
In a non-metallic, airtight container.

DEFINITION
Mixture of variable proportions of hydrated manganese(II)
(2RS)-2,3-dihydroxypropyl phosphate and hydrated
manganesetll) 2-hydroxy-l-(hydroxymethyl)ethyl phosphate.

Content
97.0 per cent to 102.0 per cent (dried substance).

C12H22Mn014,xH20 445.2
(anhydrous substance)

PhEur - _

[

HO H ~-]H ", --OH
Mn

2
' HO~H ••H20

HO 2

(ph. Bur. monograph 2162)

DEFINITION
Anhydrous or hydrated manganese(ll) bis[(2R,3S,4R,5R)
2,3,4,5,6-pentahydroxyhexanoate] (anhydrous or hydrated
manganeseill) ditn-gluconatej),

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 methylene chloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 20 mg of the substance to be
examined in 1 mL of waterR..
Reference solution Dissolve 20 mg of calcium gluconate CRS
in 1 mL of waterR, heating ifnecessary in a water-bath at
60°C.

Plate TLC silica gelplateR (5-40 1J.IIl) [or TLC silica gel
plate R (2-10 J.UIl)]'

Mobile phase concentrated ammonia R, ethyl acetate R,
waterR, ethanol (96 per cenV R (10:10:30:50 V/V/V/V).

Application 1 J.lL.
Development Over 3/4 of the plate.

Drying At 105°C for 20 JIlin, then allow 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 acidR, 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, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

B. Dissolve 50 mg in 5 mL of materR. Add 0.5 mL of
ammonium sulfide solution R. A pale pink precipitate is formed
that dissolves upon the addition of 1 mL of glacial acetic
acidR.

TESTS
Solution S
Dissolve 1.0 g in waterR and dilute to 50 mL with the same
solvent.

Appemrnnceofsffiutlon
Solution S 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, Method11).

Manganese Gluconate
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11-202 Manganese Sulfate

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 1 g with 1 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 paper impregnated with
a freshly prepared 10 gIL solution of sodium nitroprusside R.
The filter paper develops a blue colour in contact with
piperidine R.
B. Disperse 50 mg in 5 mL of waterR. Add 0.5 mL of
ammonium sulfide solution R. A pale pink precipitate is formed
that dissolves on the addition of 1 mL of acetic acidR.
C. Ignite 0.1 g in a crucible. Take up the residue with 5 mL
of nitricacidR 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 gin 20 mL of dilute hydrochloric acid R. Filter if
necessary. Add diluteammonia R1 until a precipitate is
formed. Dissolve the precipitate by adding the minimum
quantity needed of dilute hydrochloric add R and dilute to
100 mL with distilled waterR.

Glycerol and ethanol (96 per cent)-soluble substances
Maximum 1.0 per cent.

Shake 1.00 g with 25 mL of ethanol (96 per cent) R for
1 min. Filter. Evaporate the filtrate to dryness on a water
bath and dry the residue at 70 °C for 1 h. The residue
weighs a maximum of ~0 mg.

Chlorides (2.4.4)
Maximum 0.15 per cent.

Dissolve 0.22 g in a mixture of 1 mL of nitric acidRand
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 distilled 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 R and titrate with 0.1 M sodium
edetate until the colour changes from violet to pure blue.

I mL of 0.1 M sodium edetate is equivalent to 22.50 mg
of C3H7Mn06P.

STORAGE
In an airtight container.
____________________ PhEur

2020

Manganese Sulfate
Manganese Sulphate

MnS04,4HzO 223.1 7785-87-7

DEFINmON
Manganese Sulfate is manganese(n) sulfate tetrah.ydrate.
It contains not less than 98.0% and not more than 100.5%
of MnS04, calculated with reference to the substance ignited
at 450 0 to 500 0

•

CHARACTERISTICS
Pale pink crystals or crystalline powder.

Freely soluble in water; practically insoluble in ethanol (96%).

IDENTIFICATION
A. Dissolve 0.5 g in 10 mL of waterand add 1 mL of sodium
sulfide solution. A pink precipitate is produced which is
soluble in 6M acetic acid.

B. To 0.1 g add 2 g of leadrtv) oxide and 5 mL of nitric acid,
boil gently for a few minutes, add 100 mL of mater and filter.
A purple solution is produced.

C. Yields the reactions characteristic of sulfates,Appendix VI.

TESTS
Arsenic
0.25 g complies with the limit testfor arsenic, Appendix VII
(4 ppm).

Heavy metals
Dissolve 0.50 gin 50 mL of water, add 1 mL of 1M acetic
acid and pass hydrogen sulfide through the solution for
20 seconds. The colour produced within 2 minutes is not
more intense than that obtained by treating 10 mL of lead
standardsolution (2 ppm fb) .dilutedto 50 mL in the same
manner (40ppm).--·-

Iron
Dissolve 1.0 g in 10 mL of waterand add 2 mL of 1M
hydrochloric acid and, dropwise, 0.05M potassiumpermanganate
until a permanent pink colour is produced. Add 5 mL of a
10% w/v solution of ammonium thiocyanate and 20 mL of a
mixture of equal volumes of isoamylalcohol and amyl acetate,
shake well and allow to separate. Any colour in the upper
layer is not more intense than that obtained by treating 2 mL
of ironstandardsolution (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 1M
hydrochloric acid and 0.3 mL of a freshly prepared 3% w/v
solution of potassium hexacyanoferraie/tt), mix and allow to
stand for 15 minutes. Any turbidity produced is not more
intense than that obtained by treating 10 mL of zincstandard
solution (100 ppm Zn) in the same manner (500 ppm).

Chloride
15 mL of a 1.0% w/v solution complies with the limit testfor
chlorides, Appendix VII (330 ppm).

Loss on ignition
When ignited to constant weight at 450° to 500°, loses
31.0 to 34.0% of its weight. Use 1 g.

ASSAY
Dissolve 0.15 g in 40 mL of water, add 8 mL of freshly
boiled and cooled nitric acid, cool, add 1.5 g of sodium
bismuthate and shake for 2 minutes. Add 25 mL of a mixture
of 3 volumes of nitricacid and 97 volumes of water, filter,
wash the residue with 40 mL of the mixture, collecting the
filtrate and washings in 50 mL of a.lM ammonium iron(JI)
sulfate VS, and titrate immediately with 0.02M potassium
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permanganate VS. Repeat the operation without the substance
being examined. The difference between the titrations
represents the amount of ammonium iron(II) sulfate required.
Each m.L of O.IM ammoniumiron/u) sulfate VSis equivalent
to 3.020 mg of MnS04.

Mannitol 11-203

1 mL of 0.1 M sodium edetate is equivalent to 15.10mg
of MnS04 •

____-'-'- PhEur

PhEur _

Manganese Sulfate Monohydrate
Manganese Sulphate Monohydrate

(Ph. Bur. monograph 1543)

MnS04,H20 169.0 10034-96-5

Mannitol1

(ph. Bur. monograph 0559)

~
O H OH

H .'

HO \ HO'H-;;~
HO

PhEur _

DEFINITION
D-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 in ethanol
(96 per cent).

It shows polymorphism (5.9) .•

IDENTIFICATION
Firstidentification: C.

OSecond identification: A, B, D.

A. Specific optical rotation (2.2.7): + 23 to + 25 (dried
substance) .

Dissolve 2.00 g of the substance to be examined and 2.6 g of
disodium tetraborate R in about 20 mL of waterR at 30°C;
shake continuously for 15-30-min without further heating.
Dilute the resulting clear solution to 25.0 mL with waterR.
B. Melting point (see Tests).O

C. Infrared absorption spectrophotometry (2.2.24).

Comparison mannitol CRS.
If the spectra obtained in the solid state show differences,
dissolve separately in 2 glass vials 25 mg of the substance to
be examined and 25 mg of the reference substance in
0.25 mL of distilled waterR 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 dry residue is obtained.
Non-sticky, white or slightly yellowish powders are obtained.
Record new spectra using the residues.

OD. Thin-layer chromatography (2.2.27).

DEFINITION
Content
99.0 per cent to 101.0 per cent (ignited substance).

CHARACTERS,
Appearance '?"
Pale pink crystalline powder, slightly hygroscopic.

Solubility
Freely soluble in-water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) gives reaction (a) of sulfates (2.3.1).

B. Dissolve 50 mg in 5 mL of waterR. 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
add R.
C. Loss on ignition (see Tests).

TESTS
Solution S
Dissolve 10.0 g in distilled waterR and dilute to 100 m.L with
the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension IT (2.2.1).

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 15 mL with water R.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.

Zinc
Maximum 50 ppm.

To 10 m.L of solution S add 1 m.L of sulfuric acidRand
0.1 m.L ofpotassiumjerrocyanide solution R. After 30 s, any
opalescence in the solution is not more intense than that in a
mixture of 5 m.L of zinc standard solution (10 ppm Zn) R,
5 mL of waterR, 1 mL of sulfuric acidR and 0.1 mL of
potassium jerrocyanide solution R.

Loss on ignition
10.0 per cent to 12.0 per cent, determined on 1.00 gat
500 ± 50°C.

ASSAY
Dissolve 0.150 gin 50 mL of waterR. Add 10 mg of ascorbic
add R, 20 mL of ammoniumchloride buffer solution pH 10.0 R
and 0.2 mL of a 2 gIL solution of mordant black11 R in
triethanolamine R. Titrate with 0.1 M sodium edetate until the
colour changes from violet to pure blue.

Action and use
Diuretic.

Preparation
Mannitol Infusion

182.2 69-65-8

1 Thismonograph has undergone pharmacopoeial harmonisation.
See chapter 5.8 Pharmacopoeial harmonisation:
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Testsolution 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 mannitol CRS in
waterR and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 25 mg of mannitol Rand
25 mg of sorbitol R in waterR and dilute to 10 mL with the
same solvent.

Plate TLC silica gelplateR.
Mobile phase 'Water R, ethylacetate R, propanol R
(10:20:70 VIVIV).

Application 2~.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with 4-aminobenzoic acidsolution R and dry
in a current of cold air until the acetone is removed; heat at
100 DC for 15 min, allow to cool then spray with a 2 gIL
solution of sodiumperiodate R; dry in a current of cold air and
heat at 100 DCfor 15 min.

Systemsuitability 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).O

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2"
Method II).
Dissolve 5.0 g in water R and dilute to 50 mL with the same
solvent.

Conductivity (2.2.38) i

Maximum 20 JiS.em-1.

Dissolve 20.0 g in carbon dioxide-free waterR prepared from
distilled waterR by heating at 40-50 DC 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 DC to 170 DC.

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
cupri-tartaric solution R for 3 min, and allow to stand for
2 min. A precipitate is formed. Filter through a sintered-glass
filter (16) (2.1.2) coated with diatomaceous earth R or a
sintered-glass filter (10) (2.1.2). Wash the precipitate with
hot waterR (about 50-60 DC) 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 of ferric sulfate solution R, filter through
the same sintered-glass filter, and wash the filter with
15-20 mL of 'Water R. Combine the washings and the filtrate,
heat to 80 DC, and titrate with 0.02 M potassium
permanganate. Not more than 3.2 mL is required to change
the colour of the solution from green to pink so that the
colour persists for at least lOs.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.50 g of the substance to be
examined in 2.5 mL of waterR and dilute to 10.0 mL with
the same solvent.

2020

Reference solution (a) Dissolve 0.50 g of mannitolCRS in
2.5 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 0.5 mL of reference solution (b)
to 20.0 mL with water R.
Reference solution (d) Dissolve 0.25 g of mannitolRand
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 maltitol R
(impurity B) and 0.5 g of isomalt R (impurity C) in 5 mL of
waterR and dilute to 100 mL with the same solvent. Dilute
2 mL of the solution to 10 mL with waterR.
Column:
- size: 1= 0.3 m, (2) = 7.8 mm;
- stationary phase: strong cation-exchange resin (calcium

form) R (9 urn);
- temperature: 85 ± 2 DC.

Mobile phase Degassed waterfor chromatography R.

Flow rate 0.5 mlJrnin.
Detection Differential refractometer maintained at a constant
temperature (e.g. 40 DC).

Injection 20 ul, of the test solution and reference
solutions (b), (c), (d) and (e).

Run time 1.5 times the retention time of mannitol.

Identification of impurities Use the chromatogram obtained
with reference solution (d) to identify the peak due to
impurity A and the chromatogram obtained with reference
solution (e) to identify the peaks due to impurities Band C.

Relative retention_~Withreferencet(J-fiiaimitol (retention
time = about 20 min): impurity C (I" peak) = about 0.6;
impurity B = about 0.7; impurity C (2n d peak) =about 0.73;
impurity A = about 1.2. Impurity C elutes in 2 peaks.
Coelution of impurity B and the 2n d peak due to impurity C
may be observed.

System suitability Reference solution (d):
- resolution: minimum 2.0 between the peaks due to

mannitol and impurity A.

Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(2.0 per cent);

- sum of impurities 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 peak in the chromatogram
obtained with reference solution (c) (0.10 per cent);

- total: not more than the area of the principal peak in the
chromatogram obtained with reference solution (b)
(2.0 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 (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 DC for 4 h.

Microbial contamination
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 102 CFU/g (2.6.12).
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If not intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 103 CFU/g (2.6.12);
- TYMC: acceptance criterion 102 CFU/g (2.6.12);
- absence of Escherichia coli (2.6.13);

o-absence of Salmonella (2.6.13).0

+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 100 gIL or less of mannitol;
- less than 2.5 IU/g for parenteral preparations having a

concentration of more than 100 gIL of mannitol.+
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).

Calculatetb.e p~rcentage content of C6H 140 6 taking into
account the assigned content of mannitol CRS.

LABELLING",
The label-states: .
- whereapplicable.jthe maximum concentration of bacterial

endotoxins;
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES
Specified impurities A, B, C.

Maprotiline hydrochloride 11-205

related characteristics section may also bepresent 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-relaied
characteristics section. Control of the characteristics can contribute
to the qualz"ty of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. Where control methods are cited, they are
recognised as beingsuitable for thepurpose, but other methods can
also beused. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.

Thefollowing characteristics may be relevant for mannitolusedas
fillerin tablets and capsules.

Particle-size distribution (2.9.31 or 2.9.38)

Powder flow (2.9.36)
____________________ PhEur

Maprotiline Hydrochloride
(Ph. Eur. monograph 1237)

~
: .HN.... CH3

, HCI

~I
~

PhEur _
~

O H OH
H .:

HO .... ~O \H '~OH

HO

313.9

Action and use
Antidepressant.

10347-81-6

A. D-glucitol (n-sorbitol),

HO~ OH

OHO~,I::
HO O' OH

HO H····

HO
OH

B. 4-0-C'l-o-glucopyranosyl-n-glucitol (n-maltitol),

HO~ HO~
OH OH

HO OHO~~~~ + HO OHO~~~~
H.. OH H.. OH

HO •• H HO ••OH

OH H

OH OH

C. mixture of 6-0-C'l-o-glucopyranosyl-o-glucitol and I-Q-C'l-
D-glucopyranosyl-o-mannitol (isomalt).

FUNCTIONALITY-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 excipient (see chapter
5.15). Someof the characteristics described in theFunctionality-

DEFINITION
3-(9, I O-Erllanoanthracen-9(1OfO-yQ-lV-methylpropan-l
amine hydrochloride.

Content
99.0 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 methanol, soluble
in ethanol (96 per cent), sparingly soluble in methylene
chloride, very slightly soluble in acetone.

It shows polymorphism (5.9).

IDENTIFICATION
First identification: B, D.
Second identification: A, C, D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).
Testsolution Dissolve 10 mg in 1 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.

Absorbance ratio A272IA265 = 1.1 to 1.3.

B. Infrared absorption spectrophotometry (2.2.24).
Comparison maprotiline hydrochloride CRS.
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11-206 Maprotiline hydrochloride

If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in methanolR, evaporate to dryness and record
new spectra using the residues.

C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 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 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).

Plate TLC silica gelF254 plateR.
Mobile phase ethyl acetate R, dilute ammonia R1, 2-butanol R1
(4:5:14 V/V/V).

Application 5 J.LL.
Development Over half of the plate.

Drying In a current of warm air.

Detection Examine in ultraviolet light at 254 nm.
System suitabz1ity 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 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 methanol 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 BY6 (2.2.2, MethodII).

Related substances
Liquid chromatography (2.2.29).

Testsolution 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
impurity D CRS in the test solution and dilute to 10.0 mL
with the test solution.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: silica gelfor chromatography R (5 urn).

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 Rand
650 mL of methanol R; the resulting apparent pH value is
between 8.2 and 8.4.

Flow rate 1 mLImin.
Detection Speetrophotometerat 272 nm.

Injection 20 J.LL.
Run time 1.5 times the retention time of maprotiline.

2020

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to 
impurity D.

Relative retention With reference to maprotiline (retention
time = about 10 min): impurity A = about 0.3;
impurity B =about 0.5; impurity C = about 0.7;
impurity D =about 0.8; impurity E = about 1.3.

Systemsuitability 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 adding a
50 per cent V/V solution of acetic acidR if the resolution
is less than 1.8, or by adding a 70 gIL solution of
concentrated ammoniaR 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 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)
(0.10 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 referencesolution (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 DC at ~PEes~ur~_.notexceeding 2.5 kPa for 6 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 5 mL of 0.1 M hydrochloric
acidand 50 mL of ethanol (96 per cent) R. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added betweenthe 2 points of
inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 31.39 mg of
C2oH24ClN.

IMPURITIES
Specified impurities A" B, C, D, E.

A. 3-(9,10-ethanoanthracen-9(10H)-yl)prop-2-enal,

cao'" ~I""p N "

~ bH3 ~
~I I#"

B. 3-(9,lO-ethanoanthracen-9(l0H)-yl)-N-[3-(9,10
ethanoanthracen-9(1OH)-yl)propyl]-N-methylpropan-l
amine,
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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 mebendazole for
system suitability 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 solution (b) Dilute 1.0 mL of the test solution to
100.0 mLwith 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-deactivated octadecylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: 7.5 gIL solution of ammonium acetate R;
- mobile phaseB: acetonitrile R;

C. 3-(9,10-ethanoanthracen-9(1OH)-yl)propan-I-amine,

~
r : ~

"'CH3

~I
~

D.3-(9,IO-ethanoanthracen-9(IOH)-yl)-N-methylprop-2-en
I-amine (dehydromaprotiline),

Time
(min)

Mobile phase A
(per cent VIJI)

Mobile phase B
(per cent VIJI)

E. 3-(9,10-ethanoanthracen-9(1OH)-yl)-N,N-dimethylpropan
I-amine.

0-15

15 - 20

20-25

80 -+ 70

70 -+ 10

10

20 -+ 30

30 -+ 90

90

PhEur _

___...,--.,. PhEur

(Ph. Bur. monograph 0845)

Flow rare 1.2 mIJmin.
Detection Spectrophotometer at 250 nm.
Injection 10 JJ,L.
Identification of impurities Use the chromatogram supplied
with mebendazde for system suitability 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 mebendazole (retention
time = about 12 min): impurity A =about 0.4;
impurity B =about 0.5; impurity C =about 0.7;
impurity D =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 Hp = height above

the baseline of the 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
mebendazole.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity G by 1.4;
- £mpurity G: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.5 per cent);

- impurities A, B, C, D, B, F: 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 4 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(1.0 per cent);

31431-39-7295.3

o CHar- (y~}-N~o'
~N

o

Action and use
Benzimadazole antihelminthic.

DEFINITION
Methyl (5-benzoyl-1H-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) and in
methylene chloride.

It shows polymorphism (5.9). The acceptable crystalline form
corresponds to mebendazole CRS.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Examine the substances without prior
treatment.

Comparison mebendazole CRS.

Mebendazole
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11-208 Mebeverine Hydrochloride 2020

- disregard limit: 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
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 0.250 gin 3 mL of anhydrous formic acidR and add
50 mL of a mixture of 1 volume of anhydrous acetic acidR
and 7 volumes of methyl etkyl ketoneR. 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 29.53 mg of
C16H13N303.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

F. methyl [5-(4-methylbenzoyl)-lH-benzimidazol-2-yl]
carbamate,

~
~ J ~~o ~ I :>-~ ~-<'N I # 0

I~ I~
# . .#

G. N,N'-bis(5-benzoyl-1H,-benzimidazol-2-yl)urea.
____________________ PhEur

Mebeverine Hydrochloride

2753-45-9

• HCI

DEFINITION
4-[Ethyl [(2RS)-1-(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
White or almost white, crystalline powder.

Solubility
Very soluble in water and in methylene chloride, freely
soluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mebeuerine hydrochloride CRS.
B. Dissolve 25 mg in 2 mL of waterR, acidify with dilute
nitric acidR and centrifuge. The supernatant gives
reaction (a) of chlorides (2.3.1) starting from 'add 0.4 mL of
silver nitrate solution Rl'.

PhEur _

Action and use
Smooth muscle relaxant; antispasmodic.

Preparation
Mebeverine Tablets

(Ph. Bur. monograph 2097)

CyCX
~

I. I )--OH
~ ~ N

'0

B. (2-hydroxy-1H-benzimidazol-5-yl)phenylmethanone,

C. (2-amino-l-methyl-1H~benzimidazol-5-yl)
phenylmethanone>

A. (2-amino-IH-benzimidazol-5-yl)phenylmethanone,

D. methyl (5-benzoyl-1-methjl-IH-benzimidazol-2-yl)
carbamate,

a rCH3

('l r1r~)-Nt-°
~N

o

E. ethyl (5-benzoyl-1H-benzimidazol-2-yl)carbamate,
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 acetonimleR, waterR (50:50 VIV)o
Test solution Dissolve 0.100 g 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 solution (b) Dissolve the contents of a vial of
mebeverine for system suitability CRS (containing impurity D in
1 mL of the solvent mixture.
Column:
- size: 1= 0.25 m, 0 =4.0 rom;
- stationary phase: oetadecylsilyl silica gelfor chromatography R

(5 J.LIll).

Mobile phase:
- mobile phase A: mix 1 volume of triethylamine Rand

100 volumes of water for chromatography R and adjust to
pH 5.0 with phosphoric acid R;

- mobile phaseB: acetumirile for chromatography R;

Mebeverine Hydrochloride 11-209

1 mL of 0.1 M perchloric acidis equivalent to 46.60 mg
of C2sH36ClNOs.

STORAGE
Protected from light.

IMPURITIES
Specified impurities J.
Otherdetectable impurities (thefollowing substances toould; if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are limited by thegeneral 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 for pharmaceutical use) A, B, C, D, E, F~ G, H~
I,~N~o.

A. 1-(4-methoxyphenyl)propan-2-one,

Time
'(min)

0-6

6 - 20

20 - 40

Mobile phase A
(per cent VIJI)

75

75 - 30
30

Mobile phase B
(per cent VJlI)

25

25 -> 70

70

and enantiomer

Flow rate 1 mUmin.
Detection Spectrophotometer at 220 om.
Injection 2~.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity J.
Relativeretention With reference to mebeverine (retention
time = about 15 min): impurity J =about 0.82.

System suitabz7ity:
- resolution: minimum 3.5 between the peaks due to

impurity J and mebeverine in the chromatogram obtained
with reference solution (b);

- signal-to-noise ratio: minimum 70 for the principal peak in
the chromatogram obtained with reference solution (a).

Calculation of percentage contents:
- 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:
- impurity J: maximum 0.2 per cent;
- 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 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 mL of acetic anhydride R
and 30 mL of glacial acetic acidR. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

B. (2RS)-N-ethyl-l-(4-methoxyphenyl)propan-2-amine,

and enantiomer

C. 4- [ethyl[(2RS)-1-(4-methoxyphenyl)propan-2-yl]amino]
butan-1 -'01,

D. 3,4-dimethoxybenzoic acid,

E. 4-chlorobutyI3,4-dimethoxybenzoate,

F. 4-iodobutyl 3,4-dimethoxybenzoate,
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and enantiomer

G.4-[[(2RS)-I-[4-[4-[(3,4-dimethoxybenzoyl)oxy]butoxy]
phenyl]propan-2-yl] (ethyl)amino]butyl
3,4-dimethoxybenzoate,

o (CH3 _

¢.. O~N~
I~ HCH3 l A

HaCO T OCHa

OCH3 and enantiomer CHa

O. 4- [ethyl [(2RS)-1-(4-methoxy-3-methylphenyl)propan-2-yl]
amino]butyI3,4-dimethoxybenzoate.

_"'-- Ph£ur

1104-22-9

and enantiomer

.2HCI

463.9

Action and use
Histamine HI receptor antagonist; antihistamine.

Meclozine Hydrochloride
(Meclozine Dihydrochloride, Ph. Eur. monograph
0622)

H. 4- [ethyl [(2RS)-1-(4-methoxyphenyl)propan-2-yl] amino]
butyl 4-hydroxy-~-methoxybenzoate,

o (CHa

¢~N?C0I ° . Hi CH3 I
HaCO ~ ~ OCHa

OH and enantiomer

o (CHa

¢~N?C0~ I 0 Hi CH3 ~ I
HO OCHa

OCH3 and enantiomer

I. 4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butyl 3-hydroxy-4-methoxybenzoate,

(CHa

N~
C"~:PCH3~
~ OCHa

o its epimer at C* and
~ (CH

3
their enantiomers

~N~
H':PCHa~

OCH3

J. 4,4'-oxybis[N-ethyl-N-[(2RS)-I-(4
methoxyphenyl)propan-2-yl]butan-l-amine],

¢ oVO~ x::oOCHa

I H.pHa I
~OO ~ N ~

OCH3 l.
CHa and enantiomer

K.4-[4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butoxy]butyl 3,4-dimethoxybenzoate,

CH3
CI 0 (

~
~N~

I 0 H/PCH3~
H3CO ~ ~ OCHa

OCHa and enantiomer

N.4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butyl 2-chloro-4,5-dimethoxybenzoate,

Ph£ur _

DEFINITION
1- [(RS)-(4-Chlorophenyl)phenYlmethyl]4-[(3-methylphenyl)
methyljpiperazinedihydrochloride.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

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

Solubility
Slightly soluble in water, soluble in ethanol (96 per cent) and
in methylene chloride.

IDENTIFICATION
Firstidendfication: B~ D.
Second identification: A~ C~ D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 15.0 mg in 0.1 M hydrochloric 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 hydrochloric acid.
Spectral range 220-350 run.

Absorption maximum At 232 nm.·

Specific absorbance at the absorption maximum 345 to 380
(anhydrous substance).

The solution also shows a weak absorbance without a defined
maximum between 260 run and 300 nm.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison meclozine dihydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg 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 50 mg of meclozine
dihydrochloride CRS in methanol R and dilute to 10 mL with
the same solvent.

Plate TLC silica gel GFZ54 plateR.
Mobile phase diethylamine R, toluene R, cyclohexane R
(10:15:75 V/V/V).

Application 10 jlL.

Development Over 2/3 of the plate.

Drying In a current of warm air for 5 min.

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.

D. Dissolve about IS mg in 2 mL of ethanol (96 percent) R.
The solution gives reaction (a) of chlorides (23.1).

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 sodiumhydroxid£ added at the I" point of
inflexion;

V2 volume of 0.1 M sodiumhydroXl'd£ added at the 2nd point of
inflexion.

A is not less than -0.3 mL and not morethan 0.3 mL for
0.350 g of the substance to be examined.

Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, waterR (50:50 VIV)o

Testsolution Dissolve 50 mg of the substance to be
examined in 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
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 meclozine
impurity B CRS and 7.5 mg of meclozine impurity H CRS in
the solvent mixture and dilute to 100.0 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 mrn;
- stationary phase: end-capped ethylene-bridged octadecylsilyl

silica gelfor chromatography (hybridmaterial) R (3.5 urn);
- temperature: 35 DC.

Mobzle phase:
- mobile phase A: 0.1 per cent V/V solution of concentrated

ammonia R;
- mobile phase B: acetonitrile Rl;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent V/l")

0-3 60 40

3 - 13 60 -IS 40 -> 85

13 - 23 15 - 5 85 -> 95

23 - 33 5 95

Flow rate 1.0 mlJrnin.
Detection Spectrophotometer at 225 run.

Injection 10 jlL.

Meclozine Hydrochloride 11-211

Idendfication qfimpuniies Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities B.and H.
Relativeretemion With reference to meclozine (retention
time = about 18 min): impurity B =about 0.45;
impurity H = about 0.49.

System suitability Reference solution (b):
- resolutimr:. minimum 1.5 between the peaks due to

impurities B and H.
Limits:
- impurityB: 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. 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).

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
Dissolve 0.350 g in 50 mL of ethanol (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.

1 mL of 0.1 M sodium hydroxide is equivalent to 46.39 mg
of C25H29Cl~2'

STORAGE
In an airtight container.

IMPURITIES
Specified impurities B.
Otherdetectable impurities (thefollowing substances would, if
present at a sujficient level, be detected by oneor other of the tests
in the monograph. They arelimited 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 impurities for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) C, D, E, F, H.

If'- H
: and enantiomer

,?' I OH

cr ~

B. (RS)-(4-chlorophenyl)phenylmethanol,

c. (4-chlorophenyl)phenylmethanone
(4-chlorobe~ophenone),
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_________________..,.-__ PhEur

CHARACTERS
Appearance
White or almost. white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, soluble in acetone, sparingly soluble in ethanol
(96 per 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.

ImpurityF
Liquid chromatography (2.2.29).'

Testsolution Dissolve 20 mg of the substance to be
examined in 5.0 mL ofacetonitrile R1 and dilute to 10.0 mL
with waterfor 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 mobile phase.

Reference solution (b) Dissolve 10 mg of medroxyprogesterone
acetate for peak 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 rom;
- stationary phase: end-capper,lQctadee-ylsilyl silica gelfor

chromatographYRTfiun) .
Mobile phase waterfor chromatography R, acetonitrile Rl
(44:56 VIV).

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 200 nm.
Injection 25 JlL.
Identification of impurities Use the chromatogram supplied
with medroxyprogesterone acetate for peak identification CRS and
the chromatogram obtained with reference solution (b) to
identify the peak due to impurity F.
Relative retention With reference to medroxyprogesterone
acetate (retention time =about 8 min):
impurity F =about 1.8.

Limit:
- correction factor. for the calculation of content, multiply the

peak area of impurity F by 1.8;
- impurity F: 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).

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 1) 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
100.0 mL with the solvent mixture.

CI

71-58-9

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

386.5

D. 1,1 '-( 1,3-phenylenebismethylene)bis [4-[(4-chlorophenyl)
phenylrnethyl]piperazine],

CI

H. 1- [(RS)-(4-chlorophenyl)phenylmethyl]piperazine.

E. 1-(diphenylmethyl)-4-[(3-methylphenyl)methyl] piperazine,

'j)'- H
and enantiomer

~ I Nl
CI ~ r ~NH

F. 1,4-bis[(4-chlorophenyl)phenylmethyl]piperazine,

PhEur _

DEFINITION
6et-Methyl-3,20-dioxopregn-4-en-17-yl acetate.

Content
97.0 per cent to 103.0 per cent (dried substance).

Action and use
Progestogen.

Preparations
Medroxyprogesterone Injection

Medroxyprogesterone Tablets

Medroxyprogesterone Acetate
(Ph. Bur. monograph 0673)
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C. 6ct,17a-dimethyl-3,17-dioxo-D-homoandrost-4-en-17act-yl
acetate,

B. 17-hydroxy-6ct-methylpregn-4-ene-3,20-dione
(medroxyprogesterone),

D. 6~-methyl-3,20-dioxopregn-4-en-17-yl acetate
(6-epimedroxyprogesterone acetate),

the absorbance (2.2.25) at the absorption maximum at
241 nm.

Calculate the content of CZ4H3404 taking the specific
absorbance to be 420.

A. 6~-hydroxy-6-methyl-3,20-dioxopregn-4~-17-yl acetate
(6-hydroxymedroxyprogesterone acetate),

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B,.C, D, E, F, G, L
Otherdetectable impurities (thefollowing 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 impurities 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) H.

o

ASSAY
Dissolve 50.0 mg in ethanol (96 percent) R and dilute to
50.0 mL with the same solvent. Dilute 2.0 mL of the
solution to 100.0 mL with ethanol (96 percent) R. Measure

Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with the solvent mixture.

Column:
- size: 1=0.25 m, 0 =3.0 nun;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 JlI11);
- temperature: 60 DC.

Mobile phase tetrahydrofuran R, acetonitrile R, water R
(12:23:65 V/V/V).

Flow rate 0.9 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 10 J,JL.
Run time Twice the retention time of medroxyprogesterone
acetate.

Ideru:ification of impurities Use the chromatogram supplied
with medroxyprogesterone acetate for system suitability CRS and
the chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D, E, G and 1.
Relativeretention .With reference to medroxyprogesterone
acetate (retentiontime =about 20 min):
impurity A:::: about-O.S; impurity I =about 0.5;
impurity H =about '0.65; impurity B = about 0.7;
impurity C= aboutiO.8; impurity G = about 0.85;
impurity D = abour'O.v; impurity E = about 0.95.

System suitability Reference solution (a):
- peak-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
curve separating this peak from the peak due to
medroxyprogesterone acetate.

Limits:
- correction 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;

- impurityD: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(1.0 per cent);

- impurityB: not more than 0.7 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.7 per cent);

- impurityA: 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, E, G, I: 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 impurities: 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 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.5 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).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 0.500 g by drying in
an oven at 105 DC for 3 h.
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o

E. 6-methylidene-3,20-dioxopregn-4-en-17-yl acetate
(6-methylenehydroxyprogesterone acetate),

Mefenamic Acid
(ph. Bur. monograph 1240)

(XI C02H

~ NH

~CH'
U CH3

Action and use
Cyao-oxygenase Inhibitor, anargeric anti-inflammatory.

Preparations
Mefenamic Acid Capsules

Mefenamic Acid Tablets

o

241.3 61-68-7

o

CH3

PhEur _

DEFINITION
2-(2,3-Dimethylanilino)benzoic acid.

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

CHARACTERS
Appearance
White or almost white, microcrystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent) and in methylene chloride. It dissolves in dilute
solutions of~31Lhydroxides.
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 andthe reference
substance separately in ethanol (96 per cent) R, evaporate to
dryness and record new spectra using the residues.

TESTS
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 (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 50 mg of 2-ehlorobenzoic
acidR (impurity C) and 50 mg of benzoic acidR
(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
£mpurity 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.

o

F. 6<x-methyl-3,20-dioxo-5~-pregnan-17-yl acetate (4,5
dihydromedroxyprogesterone acetate),

o

G. 6-methyl-3,20-dioxopregna-4,6-dien-17-yl acetate
(megestrol acetate),

H. 3,20-dioxopregn-4-en-17-yl acetate (hydroxyprogesterone
acetate),

I. 17a~-hydroxy-6,17a-dimethyl-D-homoandrost-4-ene-3,17

dione.
____________________ PhEur
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51773-92-3

and enantiomer • Hel

E. 2,3-dimethyl-N-phenylaniline.

C. 2-chlorobenzoic acid,

(Ph. Bur. monograph 1241)

Action and use
Antiprotozoal (malaria).

D. benzoic acid,

B. 2-(2,3-dimethylanilino)-N-(2,3-dimethylphenyl)
benzamide,

Mefloquine Hydrochloride

A. 2,3-dimethylaniline,

therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control oj impurities
in substances for pharmaceutical use) B, E.

________________~ PhEur

Column:
- size: l = 0.25 m, 0 = 4.6 rnm.;
- stationary phase: spherical octadecylsilyl silica gelfor

chromatography R (5 \.lID).

Mobilephase Mix 14 volumes of tetra.hydrojuran R,
40 volumes of a 5.75 gIL solution of ammoniumdihydrogen
phosphate R adjusted to pH 5.0 with dilute ammonia R2, and
46 volumes of acetonitrile R.
Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 254 nm.

Injection 10 j.tL.

Run time 4 times the retention time ofmefenamic acid.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identifjr the peaks due to
impurities C and D.

Relative retention 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.

System·suitability:
-2:.-resolution: minimum 3.0 between the peaks due to

impurities C and D in the chromatogram obtained with
reference solution (b);

- signal-to-noise ratio: minimum-l0 for the principal peak in
the. chromatogram obtained with reference solution (d).

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C = 5.9;
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);

- impurityA: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (c) (100 ppm);

- 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); 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 DC.

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

ASSAY
Dissolve with the aid of ultrasound 0.200 gin 100 mL of
warm anhydrous ethanol R, previously neutralised to phenolred
solution R. Add 0.1 mL of phenolredsolution R and titrate
with 0.1 1\11 sodium hydroxide.

1 rnL of 0.1 M sodium hydroxide is equivalent to 24.13 mg of
ClsHlSNOz·

IMPURITIES
Specified impurities A, C, D.

Other detectable impurities (the following substances would, if
presentat a sufficient level, be detected by oneor other of the tests
in the monograph. They are limitedby thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
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PhEur _

DEFINITION
(RS)- [2,8-Bis(trifiuoromethyl)quinolin-4-yl] [(2SR)-piperidin
2-yl]methanol hydrochloride.

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

CHARACTERS
Appearance
White or slighdy yellow, crystalline powder.

Solubility
Very slighdy 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.

Secondidentification: B, C, D, E.
A. Infrared absorption spectrophotometry ~2.2.24).

Comparison mefloquine hydrochloride CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in methanolR, evaporate to dryness and record
new spectra using the residues.

B.Thm~ayercmomMography(222n·

Test solution .Dissolve 8 mg of the substance to be examined
in methanol R and dilute to 5 mL with the same solvent.

Reference solution (a) Dissolve 8 mg of mefloquine
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 methanol R.
Reference solution (c) To 1 mL of reference solution (b) add
1 mL of a 0.016 gIL solution of quinidine sulfate R in
methanol R.
Plate TLC silica gelFZ54 plateR.
Pretreatment Develop the plate with a mixture of
20 volumes of methanol R and 80 volumes of methylene
chloride R, and dry at 100-105 °C for 15 min before use.

Mobile phase anhydrous acetic acid R, methanol R, methylene
chloride R (10:10:80 V/V/V).
Application 20 J.Ll..
Development Over a path of 10 em.

Drying In a current of warm. air for 15 min.

Detection Examine in ultraviolet light at 254 run; lighdy
spray with a mixture prepared immediately before use of
1 volume of sulfuric acidR and 40 volumes of iodoplatinate
reagent R; spray with strong hydrogen peroxide solution R.
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).

C. .Mix about 10 mg with 45 mg of heavy magnesium 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 phenolphthalein solution Rl and about 1 mL of dilute
hydrochloric acidR to make the solution colourless. Filter.
To the filtrate add a :freshly prepared mixture of 0.1 mL of

2020

alizarin S solution Rand 0.1 mL of zirconyl nitrate solution R.
Mix, allow to stand for 5 min and compare the colour of the
solution with a blank prepared in the same manner. The test
solution is yellow and the blank is red.

D. To about 20 mg add 0.2 mL of sulfuric acidR. Blue
fluorescence appears in ultraviolet light at 365 nm.

E. It gives reaction (b) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in methanol 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 solution BY7 (2.2.2, Method l).

Optical rotation (2.2.7)
-0.2° to + 0.2°, determined on solution S.

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 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 with the mobile phase.
Dilute 5.0 mL of this solution to 100.0 mL with the mobile
phase.

Precolumn:
- size: l = 0.025_m, 0-=4 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 JlIl1).

Column:
- size: l = 0.25 m, 0 = 4 mm;
- stationary phase: end-capped octadecyZs";lyl silica gelfor

chromatography R (5 urn).

Mobile phase Dissolve 1 g of tetraheptylammonium bromide R
in a mixture of 200 volumes of methanol R, 400 volumes of a
1.5 gIL solution of sodium hydrogen sulfate Rand 400 volumes
of acetonitrile R.
Flow rate 0.8 mllmin.

Detection Spectrophotometer at 280 nm.

Equilibration With the mobile phase at a flow rate of
2 mllmin for about 30 min.

Injection 20 J.tL.
Run time 10 times the retention time of mefloquine.

Retention time Quinidine = about 2 min;
mefloquine = about 4 min; impurity B = about 15 min;
impurity A = about 36 min.

Systemsuitability Reference solution (b):
- resolution: minimum 8.5 between the peaks due to

quinidine and mefloquine.

Limits:
- impurity with a relative retention with reference to mefioquine

of about0.7: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- any 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);
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595-33-5384.5

CH3

Action and use
Progestogen.

Preparation
Megestrol Tablets

DEFINITION
6-Methyl-3,20-dioxopregna-4,6-dien-17-yl acetate.

Content
97.0 per cent to 102.0 percent (dried substance).

CHARACTERS
Appearance
White or almost white, 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 megestrol acetate 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
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetic acidR, waterR, acetonitrile Rl
(0.1:20:80 V/V/V).

Test solution (a) Dissolve 0.100 g of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Test solution (b) 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 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 10 mg of megestrol acetate for
system suitability 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 megestrol acetate for
peak identification CRS (containing impurities B, e and E) in
1.0 mL of the solvent mixture.

PhEur _

Megestrol Acetate
(Ph. Eur. monograph 1593)

o

and enantiomer

and enantiomer

B. (RS)-[2,8-bis(trifluoromethyl)quinolin-4-yl] (pyridin-2-yl)
methanol,

A. [2,8-bis(trifluoromethyl)quinolin-4-yl] (pyridin-2-yl)
methanone,

____________________ PhEur

CF3

C. (RS)-[2,8-bis(trifluoromethyl)quinolin-4-yl] [(2RS)
piperidin-2-yl]methanol.

- sum of impurities other than the impurity with a relative
retention u';'th reference to mefloquine 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 limit: 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.

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

ASSAY
Dissolve 0.350 gin 15 mL of anhydrous formic acidR and
add 40 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 perchloric acid is equivalent to 41.48 mg
of C17H17ClF6N2Q.

STOR4GE
Protected from light.

IMPURITIES
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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 solution (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 m; 0 =4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (3 urn),
- temperature: 40 "C.

Mobile phase:
- mobile phase A: tetrahydrofuran R, acetonitrile Rl, water R

(7.5:12.5:80 V/V/V);
- mobile phase B: waterR, tetrahydrofuran R, acetonitrile Rl

(20:30:50 V/V/V);

Time
(min)

0-16

16 - 42

42 - 49

Mobile phase A
(per cent VIJI)

70

70 ~ 30

30

Mobile phase B
(per cent VIJi)

30

30 -> 70

70

- 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 nm (0.3 per cent);

- impurity G: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impurities B, C, 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);

- sum of impurities other thanJ: 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: 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 "C.

A. 6ct-methyl-3,20-dioxopregn-4-en-17-yl acetate
(medroxyprogesterone acetate),

B. 6-methyl-17-hydroxypregna-4,6-diene-3,20-dione
(megestrol),

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 Cz.Ji3Z04 taking into
account the assigned content of megestrol acetate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impuritieS---A, B, C, D~ E, G, H} I}J} K, L.

Otherdetectable impurities (the following substances would) if
present at a sufficient level} be detected by oneorother of the tests
in the monograph. They arelimitedby 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 also 5.10. Control of impurities
in substances for pharmaceutical use) F.

o

o

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 245 nm and, for impurity J,
at 210 nm.

Injection 20 J.!L of test solution (a) and reference
solutions (a), (b), (c) and (e).

Identification of impurities Use the chromatogram supplied
with megestrol acetate for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, D, G, H, I, J and L;
use the chromatogram supplied with megestrol acetate forpeak
identification 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.

Relative retention With reference to megestrol acetate
(retention time = about 22 min): impurity B = about 0.75;
impurity E =about 0.80; impurity K = about 0.83;
impurity 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 1.5; impurity L = about 1.9.

Systemsuitability Reference solution (b):
- peak-to-valley ratio: minimum 5.0, 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
curve separating this peak from the peak due to
impurity A.

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 D =0.4; impurity E =0.4; impurity I =0.5;
impurity K =0.2; impurity L = 0.6;

~ impurity A: not more than 5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impurities 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

C.6,17a-dimethyl-3,17-dioxo-D-homoandrosta-4,6-dien
17act-yl acetate (D-homo megestrol acetate),

o

I. 2,~ethyl-3,20-dioxopregna-1,4,6-trien-17-yl acetate,

o

J. 6-methyl-3,20-dioxopregn-5-en-17-yl acetate,

F. 6~-methyl-3,20-dioxopregn-4-en-17-yl acetate,

E. 6-methyl-3,20-dioxopregna-1,4,6-trien-17-yl acetate,

o

o

K 3,2Q-dioxopregn-4-en-17-yl acetate,

L. 2~-[[17-(acetyloxy)-3,20-dioxopregn-4-en-6~-yl]methyl]-6

methyl-3,20-c4oxopregna-4,6-dien-17-yl acetate (megestrol
acetate dimer).

o

D. 6;:methylene-3,20-dioxopregn-4-en-17-yl acetate
(6-methylene hydroxyprogesterone acetate),

____________________ PhEur

Action and use
Organic base used in the preparation of organic acids.

6284-40-8195.2

~
~'

HO H CH3
H ...

HO"" ~O \H '~OH
HO

(Ph. EUT. monograph 2055)

Meglumine

G. 2~,6-dimethyl-3,20-dioxopregna-4,6-dien-17-yl acetate,

H. 2ct,6-dimethyl-3,20-dioxopregna-4,6-dien-17-yl acetate,

PhEur _

DEFINITION
I-Deoxy-1-(methylamino)-D-glucitol.

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

DEFINITION
Melatonin is N-acetyl-5-methoxytryptamine. It contains not
less than 98.0% and not more than 102.0% of C13H16NzOz,
calculated with reference to the anhydrous substance.

CHARACTERISTICS
A white to off-white crystalline powder. It melts at about
117°.

Slightly soluble in water; soluble in acetone, ethylacetate and
methanol.

IDENTIFICATION
The infrared absorption spectrum, Appendix IT A, is concordant
with the reference spectrum of melatonin (RS 455).

TESTS
Related substances
Carry out the method for liquid chromatography,
Appendix III D, using the following solutions in a mixture of
20 volumes of acetonitrile and 80 volumes of water.
(l) Dissolve sufficient of the substance being examined to
produce a solution containing 0.05% w/v of Melatonin.

(2) 0.0005% w/v of melatonin BPCRS.
(3) Dilute a mixture of 10 volumes of solution (2) and
1 volume of a 0.025% w/v solution of
5-methoxytryptamine BPCRS to 100 volumes.

73-31-4232.3

Melatonin

Action and use
Treatment of sleep onset insomnia.

Preparation
Melatonin Capsules

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.

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.

Bacterial endotoxins (2.6.14)
Less than 1.5 IU/g, if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Dissolve 0.180 gin 30 mL of waterR. Titrate with
0.05 M sulfuric add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.05M sulfuric acidis equivalent to 19.52 mg
of C7H17NOs.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

mp
About 128°C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison meglumine CRS.

TESTS
Solution S
Dissolve 20.0 g in distilled waterR 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 nm is not greater than 0.03.

Dissolve the 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
Maximum 0.2 per cent, expressed as glucose.

Dilute 1.25 mL of solution S to 2.5 mL with waterR, add
2 mL of cupri-tartaric solution R and heat on a water-bath for
10 min. Cool under running water for 1 min, then sonicate
for 20 s. Immediately filter through a membrane filter
25 mm in diameter (nominal pore size 0.5 um), Rinse with
10 mL of waterR. Prepare a standard in the same manner
using 2.5 mL of a solution obtained by dissolving 20 mg of
glucose R in waterR and diluting to 100 mL with the same
solvent. Any precipitate on the membrane filter obtained with
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 distilled waterR.

Aluminium.
Maximum 5 ppm.

Inductively coupled plasma-atomic emission spectrometry
(ICP-AES) (2.2.57).

Testsolution Dissolve 5.00 gin 30 mL of waterR, add
10.0 mL of lead-free hydrochloric add R and dilute to 50.0 mL
with water R.
Reference solutions Prepare the reference solutions using
aluminiumstandardsolution (l0 ppm Ai) R, diluted as
necessary with waterR.
Wavelength 396.153 nm,

Iron
Maximum 10 ppm.

To 10 mL of solution S add about 0.8 mL of hydrochloric
acidRand 0.05 mL of bromine waterR. Allow to stand for
5 min, evaporate the excess of bromine in a current of air
and add 3 mL ofpotassium thiocyanate solution R. Prepare a
reference solution at the same time and in the same manner
using 10 mL of ironstandard solution (2 ppm Fe) R, to which
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(Ph. Bur. monograph 2624)

Meldonium Dihydrate

A. 2-(5-methoxy-1H-indol-3-yl)ethanamine
(5-methoxytryptamine) .

86426-17-7182.2C6Hl~202,2H20

PhEur _

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison meldonium dihydrate CRS.

TESTS
Solution S
Dissolve 10.0 gin 50 mL of distilled waterR.

DEFINITION
3-(2,2,2-Trimethylhydrazin-2-ium-l-y1)propanoate dihydrate.

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

CHARACTERS
Appearance
White or almost white crystals or crystalline powder,
deliquescent.

Solubility
Very soluble in water, freely soluble in methanol, practically
insoluble in acetone.

(e) Use a detection wavelength of 225 nm.

(f) Inject 5 ul, of each solution.

MOBILE PHASE

20 volumes of acetonitrile and 80 volumes of a 0.245% w/v
solution of potassium dihydrogen orthophosphate, the pH of
which has been adjusted to 3.0 with 20% v/v orthophosphoric
acid.

When the chromatograms are recorded under the prescribed
conditions, the retention time of melatonin is about
2.3 minutes.

DETERMINATION OF CONTENT

Calculate the content of C13H16N202 in the substance being
examined using the declared content of C13H16N202 in
melatonin BPCRS.

STORAGE
Melatonin should be protected from light.

IMPURITIES
The impurities limited by the requirements of this
monograph include:

Time Mobile phase A Mobile phase B Comment

(Minutesl .. (~_vlv) (%v/v)

0-20 90~70 10~30 lineargradient

20-36 70~30 30~70 linear gradient

36-41 30~90 70~10 re-equilibration

CHROIHATOGRAPIDC CONDITIONS

(a) Use a stainless steel column (5 em x 4.6 mm) packed
with octadecylsilyl silica gelfor chromatography (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 nm.

(f) Inject 10 ul, of each solution.

MOBILE PHASE

Mobile phase A 0.245% w/v of potassium dihydrogen
orthophosphate, adjusted to pH 3.0 with 20% v/v
orthophosphoric acid.

Mobzle 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 ofmelatonin is about 0.3.

LIMITS

In the chromatogram obtained with solution (1):

the area of any peak due to 5-methoxytryptamine is not
greater than 0.2 times the area of the peak due to
5-methoxytryptamine in the chromatogram obtained with
solution (3) (0.1%);

the area of any other secondary peak is not greater than
0.1 times the area of the principal peak in the chromatogram
obtained with solution (2) (0.1%);

the sum of total impurities is not more than 1.0%.

Disregard any peak with. 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
Not more than 0.1%, Appendix IX A. Use 1 g.

ASSAY
Carry out the method for liquidchromatography,
Appendix III D, using the following solutions in the mobile
phase.

(1) Dissolve 0.1 g of the substance being examined in
100 mL and dilute 1 volume of the resulting solution to
20 volumes.

(2) 0.005% w/v of melatonin BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (5 em x 4.6 mm) packed
with octadecylsilyl silica gelfor chromatography (1.8 urn)
(Zorbax Eclipse Plus is suitable).

(b) Use isocratic 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°.
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Flow rate 0.2 mIJmin.

Detection:
- triple-quadrupole mass spectrometer; the following

settings have been 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: ESI-positive;
- detection:
- multiple reaction monitoring (MRM) mode;
- scanning mode: 50 - 300 m/z;
- ion source temperature: 110°C;
- desolvation temperature: 220°C;
- cone voltage: 15 V;
- capz1lary voltage (Vcap): 3 kV;
- CID gas: argon;
- CID 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 s, (2.2.2~ Method 11).

Related substances
Liquid chromatography (2.2.29) coupled with mass
spectrometry (2.2.43).

Testsolution Dissolve 10.0 mg of the substance to be
examined in mobile phase A and dilute to 10.0 mL with
mobile phase A.

Reference solution (a) Dissolve 10.0 mg of meldonium
impurity A CRS, 10.0 mg of meldonium impurity B CRS,
10.0 mg of meldonium impurity C CRS, 10.0 mg of meldonium
impurity D CRS, 10.0 mg of meldonium impurity E CRS and
10.0 mg of meldonium impurity F CRS in mobile phase A and
dilute to 100.0 mL with mobile phase A.

Reference solution (b) 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 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: l = 0.15 m, 0 = 3.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3.5 1Jl1l).

Mobile phase:
- mobile phase A: 0.1 per cent V/V solution of

heptafluorobutyric acidR in waterfor chromatography R;
- mobile phase B: 0.1 per cent V/V solution of

heptafiuorobutyric acidR in methanol R;

Time
(min)

0-7

7 - 12

12 - 18

Mobile phase A
(per cent VJJl)

90 -. 65

65 -.40

40 -. 25

Mobile phase B
(per cent VJJl)

10 -. 35

35 -. 60

60 -.75

Substance MRM channels Collision energy (eV)
for the interval

0-25 min

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 -. 59.00 23.0

Impurity D 175.19 -. 58.07 23.0

Impurity E 189.26 -. 58.01 22.0

Injection 20 ul, of the test solution and reference
solutions (b) and (c).

Relativeretention With reference to meldonium (retention
time = about 9 min): impurity F = about 0.7;
impurity B = about 0.8; impurity A = about 0.9;
impurity C = about 1.5; impurity D = about 1.8;
impurity E =about 2.0.

System suitability Reference solution (b):
- signal-to-noise ratio: impurity A = minimum 10;

impurity B =minimum 50; impurity C =minimum 200;
impurity D =minimum 1000;
impurity E = minimum 1000; impurity F = minimum 50;

- 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); _----- ------- ---

- for impuritiesother than A, B, C, D, E and F (complete
spectrum mode), use the concentration of meldonium in
reference solution (c).

Limits:
- impurities A~ B~ C~ D~ E~ F: for each impurity, 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.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 30 mL with distilled water R.

Sulfates (2.4.13)
Maximum 100 ppm.

Dilute 10 mL of solution S to 20 mL with distilled water R.

Water (2.5.12)
19.7 per cent to 21.0 per cent, determined on 0.120 g.

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

ASSAY
Dissolve 0.100 g in 40 mL of glacial acetic acidR. Titrate
with 0.1 .LVI perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 14.62 mg of
C6H14NzOz.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A~ B~ C~ D~ E~ F.
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40

40 --> 70

70

Mobile phase B
(per cent VJlI)

60

60 --> 30

30

Mobile phase A
(per cent VJlI)

Time
(min)

0-2

2 - 10

10 - 15

Solubility
Practically insoluble in water, soluble in dimethylformamide,
very slightly soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison meloxicam CRS.
If 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 dryness and
record new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 40 mg of the substance to be
examined in a mixture of 5 mL of methanol Rand 0.3 mL of
1 M sodium hydroxide and dilute to 20.0 mL with methanol R.
Reference solution (a) Dilute 2.0 mL of the test solution to
100.0 mL with methanol R. Dilute 5.0 mL of this solution to
100.0 mL with methanol R.

Reference solution (b) Dissolve 2 mg of the substance to be
examined, 2 mg of meloxicam impurity A CRS, 2 mg of
meloxicam impurity B CRS, 2 mg of meloxicam
impurity C CRS and 2 mg of meloxicam impurityD CRS in a
mixture of 5 mL of methanol R and 0.3 mL of 1 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 pore size 0.45 urn) before
injection.

Column:
- size: 1= 0.15 m, 0=-4.6mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 JlID);
- temperature: 45 °C.

Mobile phase:
- mobile phase A: 1 gIL solution ofpotassium dihydrogen

phosphate R adjusted to pH 6.0 with 1 M sodium
hydroxide; ,

- mobile phase B: methanol R;

(Ph. Bur. monograph 2373)

A. N,N-dimethylmethanaminium,

, .~

D. 2"(~-ethoxy-3-ox(jpropyl)-I,1, I-trimethylhydrazin-I-ium,
,",' ,·"r l -, ,

N CHa
-o~ 'iN~L-J -CHa

C. 2-(3-methoxy-3-oxopropyl)-1,1,I-trirnethylhydrazin-l-ium,

B. I,I,I-trimethylhydrazin-l-ium,

F. 1, l-dimethyl-4,5-dihydro-lH-pyrazol-I-ium-3-olate.

E. 1,1,I-trimethyl-2~[3-(1-methylethoxy)-3-oxopropyl]
hydrazin-l-ium,

Meloxicam

____________________ PhEur

351.4 71125-38-7

Action and use
Cyc1o-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparations
Meloxicam Injection

Meloxicam Oral Suspension

Meloxicam Tablets

PhEur _

DEFINITION
4-Hydroxy-2-methyl-N-(5-methylthiazol-2-yl)-2H-I,2
benzothiazine-3-carboxamide 1, I-dioxide.

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

CHARACTERS
Appearance
Pale yellow powder.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 260 nrn and 350 nm.

Injection 10 JlL.

Relative retention With 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 suitabz7ity Reference solution (b):
'-- resolution: minimum 3.0 between the peaks due to

meloxicam and impurity A at 350 nrn; minimum 3.0
between the peaks due to impurity Band meloxicam at
260 nm.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 2.0;
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148-82-3305.2

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
I, l-dioxide,

C. N- [(2Z)-3,5-dimethylthiazol-2(3H)-ylidene]-4-hydroxy-2
methyl- 2H-I,2-benzothiazine-3-carboxamide 1, I-dioxide,

PhEur _

DEFINITION
4- [Bis(2-chloroethyl)amino]-L-phenylalanine.

Content
94.0 per cent to 102.0 per cent (anhydrous and
diethylamine-free substance).

(Ph-.Bur. monograph 1698)

F. isopropyl 4-hydroxy-2-methyl-2H-I,2-benzothiazine-3
carboxylate I, l-dioxide,

o 0
\\ IfnrS'7/CH3

~OCH'
OH 0

E. methyI4-hydroxy-2-methyl-2H-I,2-benzothiazine-3
carboxylate I, l-dioxide,

o 0
\\ 1/

QA::yCHs
OH 0 CH3

Melphalan

____________~ PhEur

A. ethyl 4-hydroxy-2-methyl-2H-l,2-benzothiazine-3
carboxylate 1,I-dioxide,

- impurityA at 350 nm: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) at 350 nm (0.1 per cent);

- impurityB at 260 nm: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) at 350 nm (0.1 per cent);

- impurities C, D at 350 nm: for each impurity, not more
than 0.5 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
giving the higher value for the impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (a) at the same
wavelength (0.10 per cent);

- total: not more than 0.3 per cent;
- disregard limir. 0.3 times the area of the principal peak in

the chromatogram obtained with reference solution (a) at
the 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 (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
In order to avoid ooerheating during the titration, mix thoroughly
throughout and stop the titration immediately after theend-point
has been reached.
Dissolve 0.250 g in a mixture of 5 mL of anhydrous formic
acid R and 50 mL of anhydrous acetic acidR. Titrate with
0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

I rnL of 0.1 M perchloric acidis equivalent to 35.14 mg
of Cl.JIl~304S2'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, bedetected by oneor other of the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substancesfor 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) B, F.

B. 5-methylthiazol-2-amine,
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Flow rate 1.5 mUmin.
Detection Spectrophotometer at 260 nm.

Injection 20 IlL of test solution (a) and reference
solutions (c), (d) and (e).

Identification of impurities Use the chromatogram supplied
with melphalan for system suitability CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities B, D, G, H, I and J.
Relative retention With reference to melphalan (retention
time =about 10 min): impurity B =about 0.3;
impurity D = about 0.6; impurity I = about 0.8;
impurity J = about 1.04; impurity G =about 1.4;
impurity H = about 1.5.

System suitability Reference solution (e):
- peak-to-valley ratio: minimum 2.5, 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
melphalan.

Limits:
- impurity D: not more than 6 times the area of the

principal peak in the chromatogram obtained with
reference solution (d) (3.0 per cent);

- impurity G: not more than twice the area of-the principal
peak in the chromatogram obtained with reference
solution (d) (1.0 per cent);

- impurities J, If:Joreach impurity, not more than the area
of the principal peak in the chromatogram obtained with
reference solution (d) (0.5 per cent);

- impurity B: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.3 per cent);

- impurity I: not more than twice the area of the principal
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 (c) (0.10 per cent);

- total: not more than 11 times the area of the principal
peak in 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 hydrochloric acidR and dilute to 5.0 mL with
dimethyl sulfoxide R.

Reference solution Dilute 1 mL of methanol Rand 0.125 g of
diethylamine Rl (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: 1=1.6 m, 0 = 4 mm;
- stationary phase: styrene-divinylbenzene copolymer R coated

with potassium carbonate (149-177 urn).

Carrier gas nitrogen for chromatography R.

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. reference spectrum of melphalan.

TESTS
Appearance of solution
If intended for use in the manufacture of parenteral
preparations, the solution is clear (2.2.i) and colourless
(2.2.2, MethodII).
Dissolve 0.25 gin dilute hydrochloric acidR 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 at45 °C for 10 min in methanol R and
dilute to 25.() mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Use freshly prepared solutions
and protect from light.' ,

Test solution (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 soluti~n (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methanol Rl,

Reference solution (a) Dissolve 50.0 mg of melphalan
hydrochloride CRS in methanol Rl and dilute to 50.0 mL with
the same solvent. Dilute 1.0 mL of the solution to 10.0 mL
with methanol Rl, '

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 Rl,

Reference solution (d) Dilute 5.0 mL of reference
solution (b) to 100.0 mL with methanol si.
Reference solution (e) In order to prepare impurity I in situ,
dissolve 5 mg of melphalan for system suitabz7ity CRS
(containing impurities B, D, G, Hand Din methanol Rl,
dilute to 5.0 mL with the same solvent and heat at 60°C for
15 min.

Column:
- size:1= 0.15 m, 0 = 4.6 rn.m;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobilephase:
- mobile phase A: mixture of 5 volumes of acetonitrile for

chromatography Rand 95 volumes of waterR containing
0.01 per cent V/Vof triethylamine R, 0.05 per cent m/m of
ammonium acetate Rand 0.05 per cent V/Vof glacial acetic
acid R;

- mobile phase B: mixture of 40 volumes of waterR
containing 0.01 per cent V/Vof triethylamine R,
0.05 per cent m/m of ammonium acetate Rand
0.05 per cent V/V of glacial acetic acidR, and 60 volumes
of acetonitrile for chromatography R;

Time
(min)

0-20

20 - 25

Mobile phase A
(per cent VIV)

100 -+ a
a

Mobile phase B
(per cent WV)

a -+ 100

100
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Flow rate 42.5 mlJrnin.
Temperature:
- column: 170°C;
- injection port: 190 "C;
- detector: 250°C.

Detection Flame ionisation.

Injection 1 J.1L.
Elution order Methanol, impurity K.

Systemsuitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

methanol and impurity K.

Limit:
- impurity K: not more than 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.

Injection Test solution (b) and reference solution (a).

Calculate the percentage content of C13HlSClzNzOz 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
Specified impurities B, D, G, H, I, J, K.
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 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 also 5.10. Control of impurities
in substances for pharmaceutical use) A, C, E, F.

A. 4- [bis(2-hydroxyethyl)amino]-t.-phenylalanine,

B. 4-morpholin-4-yl-L-phenylalanine,

C. 4- [(2-chloroethyl)amino]-L-phenylalanine,

2020

D. 4-[(2-chloroethyl)(2-hydroxyethyl) amino]-L-phenylalanine,

E. 4-[(2-ch1oroethyl)(2-ethoxyethyl)amino]-L-phenylalanine,

F. 4- [bis(2-ch1oroethyl)amino]-3-chloro-L-phenylalanine
(3-ch1oromelphalan) ,

G. 4-[[2-[[4-[bis(2-chloroethyl)amino]-t-phenylalanyl]oxy]
ethyl] (2-ch1oroethyl)amino]-L-phenylalanine (melphalan
dimer),

H. methyl 4-[bis(2-chloroethyl)amino]-t-phenylalaninate,

1. 4-[(2-chloroethyl) (2-methoxyethyl) amino]-L
phenylalanine,
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____________________ PhEur

sodium salts and reaction B characteristic of phosphates,
Appendix VI.

TESTS
Inorganic phosphate
Dissolve 25 mg in 10 mL of water, add 4 mL of 1Msulfuric
acid, 1 mL of a 10% w/v 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 II B, is not more than the absorbance of a
solution prepared in the same manner but using 10 mL of a
0.0025% w/v solution of potassium dihydrogen orthophosphate
in place of the solution of the substance being examined
(0.7%).

Total phosphate
Dissolve 85 rng in 50 mL of glacial acetic acid, add 5 mL of
mercury(II) acetate solutionand carry out Method I for non
aqueous titration, Appendix VIII A, determining the end point
potentiometrically. Not less than 7.7 mL and not more than
8.3 mL 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%).

(1) 4.0% w/v of the substance being examined.

(2) 0.020% w/v of the substance being examined.

(3) 0.0080% w/v of 2-methyl-I,4-naphtha-quinone.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gelGF254•

(b) Use the mobile phase as described below.

(c) Apply 5 J.LL of each solution.

(d) Devetopthe-pfatet~i5 cm.

(e) After removal of the plate, dry in air, examine under
ultraviolet light (254 nm).

MOBILE PHASE

1.5 volumes of diethylamine,S volumes of butan-l-ol,
50 volumes of propan-I-oland 50 volumes of a 2% w/v
solution of ammonium chloride.

LIMITS

Any spot corresponding to 2-methyl-l,4-naphthaquinone
(menadione) in the chromatogram obtained with solution (1)
is not more intense than the spot in the chromatogram
obtained with solution (3) and any other secondary spotis 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 gin 25 mL of water, add 25 mL of glacial acetic
acid and 25 mL of 3M hydrochloric acid and titrate with
0.02M cerium/tv) sulfate VS using platinum and calomel
electrodes and determining the end point potentiometrically.
Each mL of 0.02M cerium/tv) sulfate VS is equivalent to
4.221 mg of CllHaNa40SP2.

670042-1530.2

NaO ONa
\ /

o-p=o07Me

O-p=O
1\

NaO ONa

Action and use
Vitamin K analogue.

Preparation
Menadiol Phosphate Tablets

DEFINITION
Menadiol Sodium Phosphate is tetrasodium
2-methylnaphthalene-l,4-diyl dieorthophosphate)
hexahydrate. It contains not less than 98.0% and not more
than 100.5% of CuHaN3.lOaP2' calculated with reference to
the anhydrous substance.

CHARACTERISTICS
A white to pink, crystalline powder; hygroscopic.

Very soluble in water; practically insoluble in ethanol (96%).

IDENTIFICATION
A. The infrared absorption spectrum, Appendix n A, is
concordant with the reference spectrum of menadiol sodium.
phosphate (RS 213).

B. To 10 mL of a 2% w/v solution add 10 mL of 1M sulfuric
acid, 10 mL of O.IM cerium(Iv) sulfateand 1 mL of hydrogen
peroxide solution (20 vol) and extract with two 10 mL
quantities of chloroform. Evaporate the combined chloroform
extracts to dryness on a water bath and dry the residue at 40°
at a pressure not exceeding 0.7 kPa. The infraredabsorption
spectrum of the residue, Appendix II A, is concordant with
the reference spectrum of menadione.

C. Dissolve 40 mg in 2 m.L of water, heat gently with 2 mL
of sulfuric acid until white fumes are evolved, add nitricacid
dropwise until digestion is complete and cool. Add 2 mL of
water, heat until white fumes are evolved again, cool, add a
further 10 mL of waterand neutralise to litmus paperwith
5M ammonia. The solution yields reaction A characteristic of

Menadiol Sodium Phosphate

K. N-ethylethanarnine (diethylamine).

J. 4- [[2-(2-chloroethoxy)ethyl] (2-chloroethyl)amino] -L

phenylalanine,
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PhEur _

Menadione

____________________ PhEur

Menotrophin

IDENTIFICATION
Causes enlargement of the evaries of immature female rats
and increases the weight of the seminal vesicles and prostate
gland of immature male rats when administered as directed
in the Assay.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 gin 15 m.Lof glacial acetic acidR in a flask
with a stopper fitted with a valve. Add 15 m.Lof dilute
hydrochloric acidR and 1 g of zinc powder R. Close the flask.
Allow the mixture to stand for 60 min, protected from light,
with occasional shaking. Filter the solution over a cotton
wad, wash with three quantities, each of 10 m.L, of carbon
dioxide-free water R. Add 0.1 m.Lofjerroin R and immediately
titrate the combined filtrate and washings with 0.1 M
ammonium and cerium nitrate.
1 m.Lof 0.1 M ammonium and cerium nitrate is equivalent to
8.61 mg of CnHsOz.

STORAGE
Store protected from light.

Action and use
Gonadotrophin; treatment of infertility.

Preparation
Menotrophin Injection

9002-68-0

DEFINITION
Menotrophin is a dry preparation containing glycoprotein
gonadotrophins possessing follicle-stimulating and luteinising
activities. The follicle-stimultating activity is of pituitary
origin. The luteinising activity is predominantly of pituitary
origin, but may also contain luteinising 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
may be added to achieve the ratio stated below,

Potency
It contains not less than 40 IV of follicle-stimulating
hormone activity per mg. The ratio of IV of luteinising
hormone (LH) activity to IV of follicle-stimulating hormone
(FSH) activity is approximately 1. For each component the
estimated potency is not less than 80% 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 have been shown to 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 white or slightly yellow powder.

Soluble in water.

58-27-5172.2

Action and use
Vitamin K analogue.

(Ph. Bur. monograph 0507)

DEFINITION
Menadione contains not less than 98.5 per cent and not
more than the equivalent of 101.0 per cent of
2-methylnaphthalene-l,4-dione, calculated with reference to
the dried substance.

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
Firstidentification: A" B.
Second identification: A" C, D.
A. Melting point (2.2.14): 105°C to 108 °C.

E. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
menadione CRS.
C. Dissolve about 1 mg in 5 mL of alcohol R, add 2 m.Lof
ammonia R and 0.2 mL of ethyl cyanoacetate R. An intense
bluish-violet colour develops. Add 2 mL of hydrochloric
acidR. The colour disappears.

D. Dissolve about 10 mg in 1 mL of alcohol R, add 1 m.Lof
hydrochloric acidR and heat in a water-bath. A red colour
develops.

TESTS
Related substances
Carry out the testprotected from bright light Examine by thin
layer chromatography (2.2.27), using silica gelGF254R as the
coating substance.

Test solution Dissolve 0.2 g of the substance to be examined
in acetone R and dilute to 10 mL with the same solvent.

Reference solution Dilute 0.5 mL of the test solution to
100 m.Lwith acetone R.
Apply separately to the plate 5 ul, of each solution. Develop
over a path of 15 cm using a mixture of 1 volume of
nitromethane R, 2 volumes of acetone R, 5 volumes of ethylene
chloride R and 90 volumes ofcyclohexaneR. Dry the plate in a
current of hot air. Repeat the development and drying a
further two times. 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 over diphosphorus pemoxide R at a pressure of 2 kPa to
3 kPa for 4 h.
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TESTS
Bacterial endotoxins
Carry out the test for bacterial endotoxins, Appendix XN C.
The endotoxin limit is not more than 0.78 IV per IV of
follicle stimulating hormone.

Water
Not more than 5.0% w/w, Appendix IX C, Method III.
Use 4 mg.

ASSAY
Carry out the biological assay of menotrophin described below.
The fiducial limits of error are not less than 64% and not
more than 156% of the stated potency.

STORAGE
Menotrophin should be kept in an airtight, tamper-evident
container and protected from light.

LABELLING
The label states (1) the number of IV (Units) of follicle
stimulating hormone activity and the number of IV (Units)
of luteinising hormone activity in the container; (2) the
number of ill (Utiits) of follicle-stimulating hormone activity
per mgand the number of IV (Units) of luteinising hormone
activity per mg; (3) where applicable, the number of IV
(Units) of chorionic-gonadotrophin activity per mg; (4) the
date after which the-material is not intended to be used; (5)
the conditions under which it should be stored; (6) where
applicable, that it is sterile.

Menotrophin intended for usein the manufacture of a parenteral
dosage form withouta further appropriate sterilisation procedure
complies with thefollowi'ng additional requirement.

Sterility
Complies with the testfor sterility, Appendix XVI A.

BIOLOGICAL ASSAYOF MENOTROPHIN

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
human urinary LH under the conditions of a suitable method
of assay. The potency of 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 with that of the
Standard Preparation ofhuman urinary FSH and human
urinary LH under the conditions of ,l:l suitable method of
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 from post-menopausal women together with lactose,
or another suitable preparation the po~ency of 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 and the
lightest rat is not more than 10 g. As.sign'the ratsat r~d.om
to six equal groups of at least five animals, If sets of sIX litter
mates are available, allot one litter mate from each set to
each group and mark according to litter.

Choose three doses of the Standard Preparationand three
doses of the preparation being examined such that thei '
smallest dose produces a positive response in some of the rats

Menotrophin ll-229

and the largest dose does not produce a maximum response
in all of the rats. Use doses in geometric progression. As an
initial approximation, total doses of 1.5,3.0 and 6.0 ill 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
being examined, and of the Standard Preparation,
corresponding to the daily doses to be used in sufficient
albumin-phosphate bufferpH 7.2 containing not less than
70 ill of chorionic gonadotrophin per mL so that the daily dose
is about 0.2 mL. Add a suitable antimicrobial preservative
such as 0.4% w/v of phenolor 0.002% w/v of thiomersal. Store
the solutions at a temperature of 2° to 8°. Inject
subcutaneously into each rat the daily dose allocated to its
group. Repeat the procedure after 24 and 48 hours. About
24 hours after the last injection, kill the rats and remove the
ovaries. Remove any extraneous fluid and tissue and
immediately weigh the ovaries from each animal. Record the
combined weight of both ovaries from each rat. Calculate the
result of the assay by standard statistical methods using the
weight of the ovaries as the response. (A suitable correction
of the organ weight with reference to the weight of the
animal from which it was taken may be applied; an analysis
of covariance may be used).

Luteinising hormone activity
Select male rats of 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 between the
heaviest rat and the lightest rat is not more than 109. Assign
the rats at random to six equal groups of at least five
animals. If sets of six litter mates are available, allot one litter
mate from each set to each group and mark according to
litter.

Choose three doses of the Standard Preparation and three
doses of the preparation being examined such that the
smallest dose is sufficient to produce a 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, total doses of 7, 14
and 28 ill 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
being examined, and of the Standard Preparation,
corresponding to the daily doses to be used in sufficient
albumin-phosphate bufferpH 7.2 so that the daily dose is about
0.2 mL. Add a suitable antimicrobial preservative such as
0.4% w/v of phenolor 0.002% w/v of thiomersal. Store the
solutions at a temperature of 2° to 8°. Inject subcutaneously
into each rat the daily dose allocated to its group on
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
any extraneous fluid and tissue and weigh 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 the prostate gland as the response. (A suitable
correction of the organ weight with reference to the weight of
the animal from which it was taken may be applied;
an analysis of covariance may be used.)
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(Ph. Bur. monograph 1242)

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. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.500 g in carbon dioxide-free water R 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 B7 (2.2.2~ MethodII).

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)
-0.100 to + 0.100

, determined on solution S.

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 solution (a) Dissolve 20.0 mg of the substance to
be examined and 30.0 mg of mepivacaine 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,mLwiththemobite--pnase.

Column:
- size: 1= 0.125 m, 0 = 4.6 mrn;
- stationary phase: base-deactivated end-capped octadecylsz1yl

silica gelfor chromatography R (5 um).

Mobz1e phase Mix 35 volumes of acetonitrile R1 and
65 volumes of a 2.25 gIL solution of phosphoric acidR~
previously adjusted to pH 7.6 with strong s~dium hydroxide
solution R.
Flowrate 1 mlJmin.
Detection Spectrophotometer at 220 nm.

Injection 20 flL.
Run time 3 times the retention time of mepivacaine.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity B.

Relativeretention With reference to mepivacaine (retention
time =about 7 min): impurity B =about 0.5.

Systemsuitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity B and mepivacaine.

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 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).

1722-62-9

and enantiomer , Hel

282.8

Action and use
Local anaesthetic.

Mepivacaine Hydrochloride

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
White or 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
Firstidentification: A~ C.
Second identification: B; C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mepivacaine hydrochloride 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).

Testsolution Dissolve 20 mg of the substance to be
examined in ethanol (96 percent) R and dilute to 5 mL with
the same solvent.

Reference solution (a) Dissolve 20 mg of mepivacaine
hydrochloride CRS in ethanol (96 per cent) R and dilute to
5 mL with the same solvent.

Reference solution (b) Dissolve 20 mg of mepivacaine
hydrochloride CRS and 20 mg of lidocaine hydrochloride CRS in
ethanol (96 per cent) R and dilute to 5 mL with the same
solvent.

Plate TLC silica gelF254 plateR.
Mobz7e phase concentrated ammonia R, methanol R,
l~l-dimethylethyl methylether R (1:5:100 VIVIV).

Application 10 ilL.

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 shows 2 clearly separated principal

spots.
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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 acid 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 bupioacaine
impurityF CRS (impurity A) in a 103.0 gIL solution of
hydrochloric add R and dilute to 100.0 mL with the same acid
solution. Dilute 1.0 mL of this solution to 100.0 mL with a
103.0 gIL solution of hydrochloric add R. Introduce 2.0 mL of
this solution into a20 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: 1= 30 m,0 =0.53 mm;
~stationary phase.:poly[(cyanopropyl) (phenyl)J[dimethyl]

.siloxane R (film thickness 3 J.LIl1).

Cd-mer'gas heHumYor chromatography R;

Flo,w rate 4.0 mIJmin.
Splz't ratio 1:1.

Stcltic h~ad-space conditions that may be used:
- equilibration temperature: 90 DC;
- equilibration time: 25 min;
- pressurisation time: 2 min.

Temperature:

Meprobamate 11-231

IMPURITIES
Specified impurities A.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/orby 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) B, C, D, B.

A. 2,6-dimethylaniline,

and enantiomer

B. (2RS)-N-(2,6-dimethylphenyl)piperidine-2-carboxamide,

CH, H (')

~N~N/
Ul 0

CH3

Column

Injection port

Detector

Time
(min)

0-10

10 - 15

Temperature
eC)

130 -> 230

230

225

250

C. N-(2,6-dimethylphenyl)pyridine-2-carboxamide,

--------CH N';'
3 H H../yN ....~ and enanllomer

U 0 CH3
CH3

Detection Flame ionisation.

Retention time Impurity A = about 6 min.

System suz'tabuz'ty Reference solution:
- repeatability: maximum relative standard deviation of

15.0 per cent determined on 6 injections.

Calculation of content:
- for impurity A, use the concentration of impurity A in the

reference solution.

Limit:
- impurityA: 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 DC.

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 LVI
hydrochloric add and 50 mL of ethanol (96 per cent) R. Carry
out a potentiometric titration (2.2.20), using 0.1 LVI sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent to 28.28 mg
of ClsHz3ClNzO.

D. (2RS)-N-(2,6-dimethylphenyl)-1-methyl-1,2,5,6
tetrahydropyridine-2-carboxamide,

CH3 yQ. ~ H....

Jr... ~ and enantiomer

lOCH
CI ~ CH3 3

E. (2RS)-N-(4-chloro-2,6-dimethylphenyl)-1
methylpiperidine-2-carboxamide.

____________________ PhEur

Meprobamate
(ph. Bur. monograph 0407)

o 0

H2NJ....°XOANH,
'> CH

3

H3C

Action and use
Hypnotic.

218.3 57-53-4
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____________________ PhEur

Meptazinol Hydrochloride

DEFINITION
Meptazinol Hydrochloride is 3-(3-ethyl-1
methylperhydroazepin-3-yl)phenol hydrochloride. It contains
not less than 99.0% and not more than 101.0% of
C 1sH23NO,HCI, calculated with reference to the dried
substance.

passing steam through the mixture. Collect the distillate into
40 mL of a 40 gIL solution of boric acidR until the
total volume in the receiver reaches about 200 mL.
Add 0.25 mL of methylredmixed solution R. Titrate with
0.1 M hydrochloric aciduntil the colour changes from green to
violet. Carry out a blank titration.

1 mL of 0.1 M hydrochloric acidis equivalent to 10.91 mg of
C9HlSN204'

59263-76-2

Me
I

~'HCI
OH

269.8C1sH23NO,HCI

Action and use
Opioid receptor partial agonist; analgesic.

Preparations
Meptazinol Injection

Meptazinol Tablets

CHARACTERISTICS
A white or almost white powder.

Very soluble in waterand in methanol; freely soluble in ethanol
(96%); very slightly soluble in acetone. It dissolves in dilute
solutions of alkali hydroxides.

IDENTIFICATION
A. The light absorption, Appendix II B, in the range 230 to
350 nm of a 0.01 % w/v solution in ethanol (96%) exhibits a
maximum only at 275 nm. The absorbance at 275 nm 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.OlM sodium hydroxide VS and 0.1 mL of
methyl redsolution; the solution is yellow. Add 0.4 mL of
O.OlM hydrochloric acid VS; the solution is red.

Colour of solution
A 10.0% w/v solution is not more intensely coloured than
reference solution Y6' Appendix IV B, Method II.

Related substances
Carry out the method for thin-layer chromatography,
Appendix III A, using the following solutions in methanol.

(1) 1.0% w/v of the substance being examined.

PhEur _

CHARACTERS
A white or almost white, amorphous or crystalline powder,
slightly soluble in water, freely soluble in alcohol.

IDENTIFICATION
First identification: A, B.
Secondidentification: A, C;, D.

A. Melting point (2.2.14): 104 -c to 108 -c.
B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
meprobamate CRS.
C. To 0.5 g add 1 mL of acetic anhydride R and 0.05 mL of
sulfuric acid R, mix and allow to stand for 30 min, shaking
frequently. Pour the solution dropwise into 50 mL of
waterR, mix and allow to stand. Initiate crystallisation by
scratching the wall of the tube with a glass rod. Collect the
precipitate by filtration, wash and dry at 60 "C.
The precipitate melts (2.2.14) at 124 "C to 128 "C.

D. Dissolve 0.2 gin 15 mL of 0.5 M alcoholic potassium
hydroxide and boil under a reflux condenser for 15 min.
Add 0.5 mLof glacialacetic acid Rand 1 mL of a 50 gIL
solution of cobalt nitrateR in ethanolR. A deep-blue colour
develops.

TESTS
Appearance of solution
Dissolve 1~0 gin 20 mL of ethanolR. The solution is clear
(2.2.1) and colourless (2.2.2;, Method II).

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GRas the coating substance.

Test solution Dissolve 0.20 g of the substance to be
examined in alcohol R and dilute to 10 mL with the same
solvent.

Reference solution Dilute 0.1 mL of the test solution to
10 mL with alcohol R.
Apply separately to the plate 5 J.Ll.. of each solution. Develop
over a path of 15 em using a mixture of 10 volumes of
pyridineR, 30 volumes of acetone R and 70 volumes of
hexane R. Dry the plate at 120 "C for 30 min, allow to cool
and spray with a solution of 0.25 g of vanillinR in a cooled
mixture of 10 mL of alcohol R and 40 mL of sulfuric acidR
and heat at 100 "C to 105 "C for 30 min. 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
(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 vacuo at 60 "C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent; determined on 1.0 g.

ASSAY
Dissolve 0.1000 gin 15 mL of a 25 per cent VIV solution of
sulfuric add R and boil under a reflux condenser for 3 h.
Cool, dissolve by cautiously adding 30 mL of waterR, cool
again and place in a steam-distillation apparatus. Add 40 mL
of strong sodiumhydroxide solution R and distil immediately by

DEFINITION
Meprobamate contains not less than 97.0 per cent and not
more than the equivalent of 101.0 per cent of 2-methyl-2
propylpropane-1,3-diyl dicarbamate, calculated with reference
to the dried substance.
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(2) 0.01 % w/v of the substance being examined.

(3) 0.005% w/v of the substance being examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel (Merck silica gel 60 F254
plates are suitable).

(b) Use the mobile phase as described below.

(c) Apply 10 J.LL of each solution.

(d) Develop the plate to 15 ern.
(e) After removal of the plate, dry in air, examine under
ultraviolet light (254 nm), expose to iodine vapour for 2 hours
and examine again.

MOBILE PHASE

1 volume of IBM ammonia, 30 volumes of chloroform and
70 volumes of ethyl acetate.

LIMITS

By each method of visualisation, any secondary spot in the
chromatogram obt~edwith solution (1) is not more intense
than the spot in thechromatogram obtained with solution (2)
(l%) and not rnore'than one such spot is more intense than
the spot in the chromatogram obtained with solution (3)
(0.5%).

Loss on drying
When dried at 105° for 3 hours, loses not more than 0.5% of
its weight. Use 1 g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 0.15 gin 50 mL of anhydrous acetic acid and add
5 mL of mercury(lI) acetate solution. Carry out Method I for
non-aqueous titration, Appendix VITI A, determining the end
point potentiometrically. Each mL of O.lM perchloric acid VS
is equivalent to 26.98 mg of C 15H23NO,HCl.

IMPURITIES

Mepyramine Maleate 11-233

C. 4-(3-ethyl-l-methylperhydroazepin-3-yl)-2-[3-(3-ethyl-l
methylperhydroazepin3-yl)phenyl]phenol

D. 3,3'-oxybis(3-ethyl-l-methylperhydroazepin-3-ylbenzene)

Me
I

GQ
N Et

1?1
~

OBun

E. 3-ethyl-3-(3-butoxyphenyl)-I-methylperhydroazepine

Mepyramine Maleate
(ph. Eur. monograph 0278)

Me

aqN 0
Et

1?,
~

OH

A. 3-ethyl-3-(3-hydroxyphenyl)-I-methylperhydroazepin-2
one

?H3

N ....

H,colf6~ 'CH,.

401.5

Action and use
Anti-emetic.

59-33-6

Me
I

%N . Et

1?1
~

B. 3-ethyl-l-methyl-3-phenylperhydroazepine

PhEur _

DEFINITION
N-(4-Methoxybenzyl)-N',N'-dimethyl-N-(pyridin-2-yl)
ethane-l,2-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
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: B.
Secondidentification: A, C, D) E.
A. Melting point (2.2.14): 99°C to 103°C.
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B. Infrared absorption spectrophotometry (2.2.24).

Preparation 50 gIL solutions in methylene chloride R using a
0.1 mm cell.

Comparison mepyramine maleate CRS.

C. Dissolve 0.100 g in 0.01 M hydrochloric acid 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 hydrochloric acid. Examined
between 220 nm and 350 run (2.2.25), the solution shows
2 absorption maxima, at 239 run and 316 nm. The specific
absorbances at the absorption maxima are 431 to 477 and
196 to 220, respectively.

D. Thin-layer chromatography (2.2.27).

Test solution Dissolve 40 mg of the substance to be
examined in methylene chloride R and dilute to 10 mL with
the same solvent.

Reference solution Dissolve 40 mg of mepyramine
maleate CRS in methylene chloride R and dilute to 10 mL with
the same solvent.

Plate TLC silica gel GF254 plate R.

Mobilephase diethylamine R, ethyl acetate R (2:100 VIV).

Application 5 J.LL.
Development 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 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 Rand 1 mL of strong
sodium hydroxide solution R. Shake with 3 quantities, each of
5 mL, of ether R. To 0.1 mL of the aqueous layer add a
solution of 10 mg of resorcinol R in 3 mL of sulfuric acid R.
Heat on a water-bath for 15 min; no colour develops. To the
rest of the aqueous layer add 1 mL of bromine water R. Heat
on a water-bath for 15 min and then heat to boiling and
cool. To 0.2 mL of this solution add a solution of 10 mg of
resorcinol R in 3 mL of sulfuric acid R. Heat on a water-bath
for 15 min; a violet-pink colour develops.

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR 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, Method 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 solution S 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 to be
examined in the mobile phase and dilute to 50.0 mL
the mobile phase.
Reference solution (a) Dissolve 5 mg of anisaldehyde R
(impurity B), 5.0 mg of mepyramine impurityA CRS
5.0 mg of mepyramine impurity C CRS in the mobile
and dilute to 100.0 mL with the mobile phase. Dilute
2.0 mL of this solution to 100.0 mL with ph:ase"-'3'C-i,,Z:

2020

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, (2) = 4.6 mrn;
- stationary phase: phenylsilyl silica gelfor chromatography R1

(5~).

Mobilephase Mix. 0.1 volume of triethylamine R, 40 volumes
of a 0.771 gIL solution of ammonium acetate Rand
60 volumes of methanolR.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 230 nm.
Injection 20 iu,
Run time 3 times the retention time of mepyramine.

RelaJiue retention With reference to mepyramine (retention
time =about 13 min): maleic acid = about 0.2;
impurity C = about 0.3; impurity B = about 0.4;
impurity A = about 0.5.

System suitabz7ity Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurities C and B.
Limits:
- impurities 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 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: 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); disregard the peak due 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 residue obtained
in the test for loss on drying.

ASSAY
Dissolve 0.150 gin 40 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 Mperchloricacidis equivalent to 20.07 mg
of C21H27N30S'
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TESTS
Impurity A
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 50 mg of the substance to be
examined in 1 mL of dimethyl sulfoxide R and dilute to
10 mL with methanol R.
Reference solution Dissolve 10 mg of hypoxanthine R in
10 mL of dimethyl sulfoxide R and dilute to 100 mL with
methanol R.

Plate TLC silica gel GF254 plate R.
Mobile phase concentrated ammonia R, waterR, acetone R
(3:7:90 V/V/V).

Application 5 J.tL.
Development Over a path of 10 ern,

Drying In air.
Detection Examine in ultraviolet light at 254 nm.

Limit:
- impurity A: any spot corresponding to hypoxanthine in the

chromatogram obtained with the test solution is not more
intense than the spot in the chromatogram obtained with
the reference solution (2.0 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 1.0 g.

ASSAY
Dissolve 0.100 gin 50 mL of dimethylformamide R. Titrate
with 0.1 M tetrabutylammonium hydroxide, determining the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 15.22 mgof C5HJ.r~S·'-

STORAGE
Protected from light.

IMPURITIES

6112-76-1170.2

Mercaptopurine
(Ph.'E~r. monograph 0096)

NL~\, .H,o
~ __J- J7

N N

Action and use
Thiopurine cytotoxic,

Preparations
Mercaptopurine Oral Suspension

Mercaptopurine Tablets

C. pyridin-2-amine.

A. N-(4-methoxybenzyl)pyridin-2-amine,

B. 4-methoxybenzaldehyde (anisaldehyde),

.0
CHO

. I· .
Haeo

~-,,-,- -,,-,- PhEur

___________________ PhEur

PhEur ----'- _

7487-94-7

(Ph. Eur. monograph 0120)

HgClz 271.5

Mercuric Chloride

A. 1,7-dihydro-6H-purin-6-one (hypoxanthine).

DEFINITION
Content
99.5 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless or
white or almost white crystals or heavy crystalline masses.

Solubility
Soluble in water and in glycerol, freely soluble in ethanol
(96 per cent).

DEFINITION
7H-Purine-6-thiol monohydrate.

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

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent). It dissolves in solutions of alkali hydroxides.

IDENTIFICATION
A. Dissolve 20 mg in 5 mL of dimethylsulfoxide R and dilute
to 100 mL with 0.1 M hydrochloric acid. Dilute 5 mL of this
solution to 200 mL with 0.1 M hydrochloric acid. Examined
between 230 nm and 350 nm (2.2.25), the solution shows
only 1 absorption maximum, at 325 nm.

B. Dissolve about 20 mg in 20 mL of ethanol (96 per cent) R
heated to 60 °C and add 1 mL of a saturated solution of
mercuric acetate R in ethanol (96 per cent) R. A white
precipitate is formed.

C. Dissolve about 20 mg in 20 mL of ethanol (96 per cent) R
heated to 60 °C and add 1 mL of a 10 gIL solution of lead
acetate R in ethanol (96 per cent) R. A yellow precipitate is
formed.

PhEur _
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PhEur _

____________________ PhEur

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or light yellow, 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 CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Ys (2.2.2~ MethodII).
Dissolve 1.0 g in 20 mL of a 50 g/L solution of sodium
hydrogen carbonate R.

pH (2.2.3)
4.0 to 6.0.

Dissolve 0.20 g in carbon dioxide-free water R and dilute to
20 mL with the same solvent.

Specific optical rotation (2.2.7)
-21 to -1 7 (anhydrous substance).

Dissolve 0.125 g in waterR and dilute to 25.0 rnL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare testsolutions (a) and
(b) and reference solution (c) immediately before use. Prepare and
store reference solution (a) at 4 °C and use within 6 h.

Solventmixture .Tol.O ml;of triethylamine R add 900 mL
of waterfor chromatography R. Adjust to pH 5.0 with dilute
phosphoric acidR and dilute to 1000.0 mL with waterfor
chromatography R.
Testsolution (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 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 test solution (a) to
100.0 mLwith the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) In order to prepare impurities A and B
in-situ, heat 10 mLoftest solution (a) to 60°C for about
20 min or, alternatively, allow 10 rnL of test solution (a) to
stand at room temperature for about 8 h.

Reference solution (c) Dissolve 50.0 mg of meropenem
trihydrate CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactioated end-capped octadecylsilyl

silica gelfor chromatography R (5 um);
- temperature: 40°C.

Mobzle phase acetonitrile Rl, solvent mixture (7:100 VIV).
Flow rate 1.6 mIJmin.
Detection Spectrophotometer at 220 nm.

Injection 10 J.tL of test solution (a) and reference
solutions (a) and (b).

Run time 4 times the retention time of meropenem.

119478-56-7437.5

(Ph. Bur. monograph 2234)

Action and use
Carbapenem antibacterial.

Meropenem Trihydrate

DEFINITION
(4R,5S,6S)-3-[[(3S,5S)-5-[(Dimethylamino)
carbonyl]pyrrolidin-3-yl]sulfanyl]-6- [(1R)-1-hydroxyethyl]-4
methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
trihydrate.

Semi-synthetic product derived from a fermentation product,
or synthetic product.

IDENTIFICATION
A. It gives the reactions of chlorides (2.3.1).

B. Solution S (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
Solution S is not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2~ MethodII).

Acidity or alkalinity
To 10 rnL of solution S add 0.1 rnL of methylredsolution R.
The solution is red. Add 0.5 g of sodium chloride R.
The solution becomes yellow. Not more than 0.5 mL of
0.01 M hydrochloric add is required to change the colour to
red.

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.

ASSAY
Dissolve 0.500 gin 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 0.1 M zinc sulfate until the colour
changes to purple. Add 3 g ofpotassium iodide R, allow to
stand for 2 min, add a further 0.1 g of mordant black 11
triturate R and titrate with O.lM zinc sulfate.
1 mL of 0.1 M zinc sulfate used in the second titration is
equivalent to 27.15 mg of HgCh.

STORAGE
Protected from light.
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89-57-6153.1

Action and use
Aminosalicylate; treatment of ulcerative colitis.

Preparations
Mesalazine Enema

Mesalazine Foam Enema

Prolonged-release Mesalazine Granules

Mesalazine Suppositories

Gastro-resistant Mesalazine Tablets

Prolonged-release Mesalazine Tablets

(ph. Bur. monograph 1699)

B. (4R,5S,6S)-3-[[(3S,5S)-I-[(2S,3R)-2-[(2S,3R)-5-carboxy
4- [[(3S,5S)-5- [(dimethylamino)carbonyl]pyrrolidin-3-yl]
sulfanyl]-3-methyl-2,3-dihydro-1H-pyrrol-2-yl]-3
hydroxybutanoyl] -5-[(dimethylamino)carbonyl]pyrrolidin
3-yl]sulfanyl]-6-[ (IR)-I-hydroxyethyl]-4-methyl-7-oxo-1
azabicyclo[3.2.0]hept-2-ene-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 grey or light pink powder or crystals.

Solubility
Very slightly soluble in water, practically insoluble in ethanol
(96 per cent). It dissolves in dilute solutions of alkali
hydroxides and in dilute hydrochloric acid.

Mesala~ina---- -'

A. (4R,5S)-5-[(lS,2R)-I-earboxy-2-hydroxypropyl]-3-
[[(3S,5S)-5- [(dimethylamino)carbonyl]pyrrolidin-3-yl]
sulfanyl] -4-methyl-4,5-dihydro-1H-pyrrole-2-carboxylic
acid,

____________________ PhEur

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES
Specified impurities A, B.

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 C17H2SN30SS taking
into account the assigned content of meropenem
trihydrate CRS.

STORAGE
If the substance is sterile, store in a sterile, airtight, tamper
proof container.

Relativeretention With reference to meropenem (retention
time = about 7 min): impurity A = about 0.5;
impurity B = about 2.2.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and meropenem.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 1.6;
- impurity A: not more than 5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impurity B: 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);

- sum of impurities other than A and B: 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)
(0.05per:cent). '

For meropenem trihydrate produced by a fully synthetic process:
- 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);

- 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)
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 ill/mg, if intended for use in the
manufacture of parenteral preparations without a further
appropriate procedure for the removal of bacterial
endotoxins.
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IDENTIFICATION
First identification: B.

Second identification: A J C.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 50.0 mg in 10 mL of a 10.3 gIL
solution of hydrochloric add 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 g/L solution of hydrochloric acidR.

Spectral range 210-250 nm.
Absorption maximum At about 230 nm.
Specific absorbance at the absorption maximum 430 to 450.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison mesalazineCRS.

e.Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 mg of the substance to be
examined in 5 mL of a mixture of equal volumes of glacial
acetic acidR and water R and dilute to 10.0 mL with
methanol R.
Reference solution Dissolve 25 mg of mesalazine CRS in
5 mL of a mixture of equal volumes of glacial acetic acidR
and waterR and dilute to 10.0 mL with methanol R.

Plate A suitable silica gel as the coating substance.

Mobile phase glacialacetic acid R, methanol R, methylisobutyl
ketone R (10:40:50 V/V/V).

Application ,,5 ilL.

Development Over 2/3 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 365 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.

TESTS
Appearance of solution
Maintain the solutions at 40°C during preparation and
measurements Dissolve 0.5 g in a 103.0 gIL solution of
hydrochloric add R and dilute to 20 mL with the same
solution. The solution is clear (2.2.1). Immediately measure
the absorbance (2.2.25) of the solution at 440 nm ,and
650 nm. The absorbance is not greater than 6.15 at 440 nm
and 0.10 at 650 nm.

Reducing substances
Dissolve'O.10 gin dilute hydrochloric acidR 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 mobile phase A and dilute to 50.0 mL with
mobile phase A.
Reference solution (a) Dissolve 5.0 mg of mesalazine
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 phase A.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 25.0 mL with mobile phase A.
Reference solution (c) Dissolve 5.0 mg of mesalazine
impurity A CRS in mobile phase A and dilute to 250.0 mL

2020

with mobile phase A. Dilute 1.0 mL of the solution to
100.0 mL with mobile phase A. -

Reference solution (d) Dilute 1 mL of the test solution to
200 mL with mobile phase A. To 5 mL ofthis solution add
5 mL of reference solution (a).

Column:
- size: I = 0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 um).

Mobile phase:
- mobile phase A: dissolve 1.0 g of phosphoric acidRand

2.2 g of perchloric acidR in water for chromatography Rand
dilute to 1000 mL with the same solvent;

- mobile phaseB: dissolve 1.0 g of phosphoric acidRand
1.7 g of perchloric acidR in acetonitrile R1 and dilute to
1000 mL with the same solvent;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (percent VIJI)

0-8 100 0

8 - 25 100 -> 40 0-+60

Flow rate 1.0 ml./min.

Detection Spectrophotometer at 220 nm.
Injection 20!J.L of the test solution and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity A; use the chromatogram obtained with reference
solution (b) to identify the peak due to impurity e.
Relativeretention With reference to mesalazine (retention
time = about 9 min): impurity A = about 0.5;
impurity C = about 0.9.

System suitability Reference solution (d):
- resolution: minimum 3.0 between the peaks due to

impurity C and mesalazine.

Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (200 ppm);

- impurityC: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (b) (200 ppm). '

ImpurityK
Liquid chromatography (2.2.29).

Testsolution Dissolve 40.0 mg of the substance to be
examined in the mobile phase and dilute to 20.0 mL with
the mobile phase.

Reference solution Dissolve 27.8 mg of aniline hydrochloride R
(equivalent to 20.0 mg of impurity K) in the mobile phase
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: I = 0.25 m, 0 = 4 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 40 "C.

Mobile phase Mix 15 volumes of methanol R2 and
85 volumes of a solution containing 0.47 gIL of disodium
hydrogen phosphate dihydrate Rand 1.41 gIL of potassium
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dihydrogen phosphate R previously adjusted to pH 8.0 with a
42 gIL solution of sodium hydroxide R.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 50 J-LL.
Run time 1.5 times the retention time of impurity K.

Retention time Impurity K = about 14 min.

System suitability Reference solution:
- signal-to-noise ratio: minimum 10 for the principal peak.

Limit:
- impurity 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 solutions
immediately before use.
Solution A 1.03 gIL solution of hydrochloric acidR.

Test soluiion-. Dissolve 10.0 mg of the substance to be
examined in solution A using sonication and dilute to
10.0 mLwith solution A.

Reference solution (a) Dilute 1.0 mL ofthe 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 mg of mesalazine for system
suitability CRS (containing impurities F, J and P) in
solution A and dilute to 5 mL with solution A.

Reference solution (c) Dissolve 5 mg of 4-aminosalicylic acidR
(impurity E), 5 mg of 2,5-dihydroxybenzoic acidR
(impurity G), 15 mg of salicylic acidR (impurity H), 5 mg of
2-chlorobenzoic acidR (impurity L), 5 mg of 2-chloro-5-
nitrobenzoic acid R (impurity M), 10 mg of sulfanilic acidR
(impurity 0) and 5 mg of 3-nitrosalicylic acid R (impurity R)
in solution A and dilute to 100 ml.with solution A. Dilute
1 mL of the solution to 50 mL with solution A.

Reference solution (d) Dissolve 3.0 mg of 2-chlorobenzoic
acid R (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
with solution A.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl amorphous

organosilica polymer for chromatography R (5 JlII1);
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: dissolve 6.9 g of sodium dihydrogen

phosphate monohydrate R in about 950 mL of waterfor
chromatography R, adjust to pH 6.2 with dilute sodium
hydroxide solution R and dilute to 1000 mL with waterfor
chromatography R;

- mobile phaseB: acetonitrile for chromatography R, mobile
phase A (40:60 V/V);

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 240 nm.

Injection 20 J-LL.

Time
(min)

0-8

8 - 20

20 - 40

40 - 60

Mobile phase A
(per cent VIl')

100

100...,. 85

85...,. 25

25...,. 0

Mobile phase B
(per cent VIl')

o
0...,. 15

15...,. 75

75...,. 100

Identification of impurities Use the chromatogram supplied
with mesalazine for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify thepeaks due to impurities F, Jand P; use the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities E, G, H, L, M, 0 and R.

Relative retention With reference 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;
impurity P =about 1.5; impurity L = about 2.0;
impurity M = about 3.3; impurity H = about 3.5;
impurity R = about 5.1.

System suitability:
- peak-to-valley ratio: 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
curve separating this peak from the peak due to
mesalazine in the chromatogram obtained with reference
solution (b);

- signal-to-noise ratio: minimum 10 for the peak due to
impurity L in the chromatogram obtained with reference
solution (d).

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity E = 1.3;
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 = 0.6; impurity R = 1.3;

- impurity H: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (a): (0.3 per cent);

- impurities F, J, 0, P. for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent);

- impurities E, G, L, M, R: 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);

- 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 obtained with reference 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 dilute nitric acidR.
Titrate with 0.005 M silver nitrate, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.005M silver nitrate is equivalent to 0.1773 mg
ofCI.

Sulfates (2.4.13)
Maximum 200 ppm.

Shake 1.0 g with 20 mL of distilled water R for 1 min and
filter. 15 mL of the filtrate complies with the test.
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Loss on drying (2.23Zj
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 mg in 100 mL ofboiIing waterR. Cool rapidly
to room temperature and titrate with 0.1 M sodium hydroxide,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M sodium i1;ydroxide is equivalent to 15.31 mg of
C7H7N03 ·

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, C~ E., F., G, H., J., K., L., M., 0., P., R.
Otherdetectable impurities (the following substances toould, if
present at a sufficientlerJet be detected by oneor other of the tests
in the monograph. They aR 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 tlJ idmtify these impurities for
demonstration ofcompliant:e.. See also 5.10. Control of impurities
in substances fOT pkarma£eJl1ica1 use) B., D, 1., N., Q, S.

A. 4-aminophenol,

B.3-aminophenoI,

~OH
NH2

C.2-aminophenol,

D. 3-aminobenzoic acid,

E. 4-amino-2-hydroxybenzoic acid (4-aminosalicylic acid),

F. 3-amino-2-hydroxybenmic acid (3-aminosalicylic acid),

2020

G. 2,5-dihydroxybenzoic acid,

H. 2-hydroxybenzoic acid (salicylic acid),

1. 2-hydroxy-5-(phenyldiazenyl)benzoic acid
(phenylazosalicylic acid),

J. 3,5-diamino-2-hydroxybenzoic acid (3,5-diaminosalicylic
acid),

K. aniline,

L. 2-chlorobenzoic acid,

M.2-chloro-5-nitrobenzoic acid,

N. 2-hydroxy-5-nitrobenzoic acid (5-nitrosalicylic acid),

O.4-aminobenzenesulfonic acid (sulfanilic acid),

P. 5-amino-2-hydroxy-3-(4-sulfophenyl)benzoic acid (3-(4
sulfophenyl)-5-aminosalicylic acid),
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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 mobile phase.

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) Dissolve 6.0 mg of mesna
impurity D CRSin 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 solution (d) Dilute 1.0 mL of reference solution (c)
to 100.0 mL with the mobile phase.

Reference solution (e) Dilute 6.0 mL of reference solution (c)
to 20.0 mL with the mobile phase. To 10 mL of the solution
add 10 mL of reference solution (a).

Column:
- size: l =0.25 m, 0 =4.6 mm,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(10 urn).

Mobile phase Dissolve 2.94 g of potassium dihydrogen
phosphate R, 2.94 g of dipotassium hydrogen phosphate Rand
2.6 g of tetrabutylammonium hydrogen sulfate R in about
600 mL of water R. Adjust to pH 2.3 with phosphoric acidR,
add 335 mL of methanol R and dilute to 1000 mL with
waterR.
Flow rate 1 mIJmin.

Detection Spectrophotometer at 235 nm.
Injection 20 ilL.
Run time 4 times the retention time of mesna.

Relative retention With reference to mesna (retention
time = about 4.8 min): impurities A and B = about 0.6;
impurity E = about 0.8; impurity C = about 1.4;
impurity D =about 2.3.
System suitability Reference solution (e):c
- resolution: minimum 3.0 between the peaks due to mesna

and impurity C.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of impurities A, B and E by 0.01,
- impurity 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 with reference
solution (b) (3.0 per cent),

- impurities A, B, B: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (d) (0.3 per cent),

- any other impurity: for each impurity, not more than one
third of the area of the principal peak in the
chromatogram obtained with reference solution (d)
(0.1 per cent),

- sum of other impurities: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (d) (0.3 per cent),

- disregard limit: 0.15 times the area of the principal peak in
the chromatogram obtained with reference solution (d)
(0.045 per cent).

19767-45-4164.2

(Ph. Bur. monograph 1674)

PhEur _

DEFINmON
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 in ethanol
(96 per cent), practically insoluble in cyclohexane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of mesna.
B. It 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 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 Y7 (2.2.2, Method11).

pH (2.2.3)
4.5 to 6.0.

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

S. 2-hydroxy-5-[(2-carboxy-4-arninophenyl)amino]benzoic
acid.

Action and use
Preventing adverse effects of cyclophosphamide and
ifosfamide.

Q.2-chloro-3-nitrobenzoic acid,

R 2-hydroxy-3-nitrobenzoic acid (3-nitrosalicylic acid),

______.,--- PhEur
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1424-00-6304.5

(ph. Bur. monograph 1730)

Action and use
Androgen.

Mesterolone

PhEur _

DEFINITION
17~-Hydroxy-1C1-methyl-5Cl-androstan-3-one.

Content
·98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in acetone, in
ethyl acetate and in methanol.

IDENTIFICATION
A. Melting point (2.2.14): 206 DC to 211 DC.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison mesterolone CRS.

TESTS
Specific optical rotation (2.2.7)
+ 20 to + 24 (dried substance).

Dissolve 0.200 g in methylene chloride R and dilute to
10.0 mL with the same solvent.

ImpurityB
Maximum 0.5 per cent.

Thin-layer chromatography (2.2.27).

Test solution Dissolve 100.0 mg of the substance to be
examined in a mixture of equal volumes of methanol R and
methylene chloride R and dilute to 10.0 mL with the same
mixture of solvents.

Reference solution (a) Dilute 1.0 mL of the test solution to
200.0 mL with a mixture of equal volumes of methanol Rand
methylene chloride R.
Reference solution (b) Dissolve 5.0 mg of mesterolone
impurityA CRS in reference solution (a) and dilute to
100.0 mL with the same solution.

Plate TLC silica gelplate R.

Mobilephase methanol R, acetone R, toluene R
(2:15:85 VIVIV).

Application 10 IlL.
Development Over 2/3 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 366 nrn; spray with
a 200 gIL solution of toluenesulfonic acidR in alcohol Rand
heat the plate for 10 min at 120 DC.

B. 2- [[(guanidino) (imino}methyl] sulfanyl] ethanesulfonic acid,

C. 2-( acetylsulfanyl)ethanesulfonic acid,

~s ..... ~S03H
H03S S

A. 2-(carbamimidoylsulfanyl)ethanesulfonic acid,

E. 2-( 4,6-diamino-l,3,5-triazin-2-yl)sulfanylethanesulfonic
acid.

D. 2,2'-(disulfanediyl)bis(ethanesulfonic acid),

Chlorides (2.4.4)
Maximum 250 ppm.

Dilute 1 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 5 mL of solution S to 30 mL with distilled waterR.
15 mL of the solution complies with the test.

Disodium edetate
Maximum 500 ppm.

Dissolve 4.000 g in 90 mL of waterR and adjust to pH 4.5
using 0.1 M hydrochloric acid. Add 10 mL of acetate buffer
solution pH 4.5 Rand 50 mL of 2-propanol R. Add 2 mL of a
0.25 gIL solution of dithizone R in 2-propanol R. Titrate with
0.01 M zinc sulfate until the colour changes from bluish-grey
to pink.

1 mL of 0.01 M zinc sulfate is equivalent to 3.72 mg
of ClOH14NzNazOs,2HzO.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 gunder high
vacuum at 60 DC for 2 h.

ASSAY
Dissolve 0.120 g in 10 mL of waterR. Add 10 mL of dilute
sulfuric acid Rand 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 out a blank titration.

1 mL of 0.1 M sodium thiosulfate is equivalent to 16.42 mg of
CzHsNa03SZ'

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B, C, D, E.

____________________ PhEur
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PhEur _

72-33-3310.4

Action and use
Estrogen.

DEFINITION
Mestranol contains not less than 98.0 per cent and not more
than the equivalent of 102.0 per cent of 3-methoxy-19-nor
17oc-pregna-1,3,5(10)-trien-20-yn-17-01, calculated with
reference to the dried substance.

CHARACTERS
A white or almost white, crystalline powder, practically
insoluble in water, sparingly soluble in alcohol.

IDENTIFICATION
First identification: B.
Second identification: A J CJ 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 obtained in the test for
related substances in daylight and in ultraviolet light at
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 1 mL of sulfuric acidR. A red
colour develops with a greenish-yellow fluorescence in

(Ph. Bur. monograph 0509)

HO ./
H

B. 1a.-methyl-5oc-androstane-3~,17~-diol.

A. 17~-hydroxy-1oc-methylandrost-4-en-3-one,

Mestranol

____________________ PhEur

Injection 10 J.tL; inject the test solution and reference
solution (a).

Calculate the percentage content of CZOH3Z0Z'

IMPURITIES

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).

Limit:
- impurity B: any blue spot, apart from the main 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).

Test solution Dissolve 50.0 mg of the substance to be
examined in a mixture of 20 volumes of water R and
80 volumes of acetonztrilJl R and dilute to 25.0 mL with the
same mixture of solvents.

Reference solution (a) Dissolve 50.0 mg of mesterolone CRS in
a mixture of 20 volumes of 'Water Rand 80 volumes of
acetonitrile R and dilute to 25.0 mL with the same mixture of
solvents.
Reference solution (b) Dissolve 10.0 mg of mesterolone
impurityA CRS ina mixture of 20 volumes of waterRand
80 voliimesof acetonitrile R and dilute to 5.0 mL with the
same mixture of solvents.
Reference solution (c) Dilute 0.5 mL of reference solution (a)
and 0.5 ml..of reference solution (b) to 100.0 mL with a
mixture of 20 volumes of 'fJ}aLer' R and 80 volumes of
acetonitrile R.
Column:
- size: l = 0.25 m, 0 =4.6 mm,
- stationary phase:oetadecylsiIyl silica gelfor chromatography R

(3 um),

Mobile phase acetonitrile R, waterR, methanol R
(20:40:60 VIVIV).

Flow rate 0.9 mUmin.
Detection Spectrophotometer at 200 nm,

Injection 50 J.l1.; inject the test solution and reference
solution (c).

Run time 3 times the retention time of mesterolone.

Relativeretention With reference to mesterolone (retention
time = about 22 min): impurity A = about 0.7.

System suitability Reference solution (c):
- resolution: minimum 6.0 between the peaks due to

impurity A and to mesterolone.

Limits:
- impurity A: not more than the area of the peak due to

impurity A in the chromatogram obtained with reference
solution (c) (0.5 per cent),

- any other impurity: not more than half the area of the peak
due to mesterolone in the chromatogram obtained with
reference solution (c) (0.25 per cent),

- total: not more than 1.5 times the area of the peak due to
mesterolone in the chromatogram obtained with reference
solution (c) (0.75 per cent),

- disregard limit: 0.1 times me area of the peak due to
mesterolone 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.
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PhEur _

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.
IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of metacresol.

TESTS
Solution S
Dissolve 1.5 g in carbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Appearance of solution
Freshly prepared solution S is not more opalescent than
reference suspension III (2.2.1) and not more intensely
coloured than reference solution BY7 (2.2.2, Method II).

Acidity
To 25mL of solution S add 0.15 mL of methyl redsolution R.
The solution is red. Not more than 0.5 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.

Testsolution Dissolve 1.00 g of the substance to be
examined in methanol R and dilute to 100.0 mL with the
same solvent.

Reference solution (a) Dissolve 0.10 g of cresol 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 mLwith methanol R. Dilute 1.0 mL of this solution to
20.0 mL with methanol R.
Column:
-material: fused silica,
- size: l =25 m, 0 =0.25 nun,
- stationary phase: poly[(cyanopropyl) (methyl)][(phenyl) .

(methyl)Jsiloxane R (0.2 urn),

108-39-4108.1

(ph. Bur. monograph 2077)

Action and use
Antiseptic; antimicrobial preservative.

ultraviolet light at 365 run. 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 specific optical 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 solution to 100.0 mL
with alcohol R. Examined between 260 run and 310 run, the
solution shows two absorption maxima, at 279 run 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 chromatography (2.2.27), using silica
gelGRas 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.

Testsolution (b) Dilute 1 mL of test solution (a) to 10 mL
with chloroform R.
Reference solution (a) Dissolve 10 mg of mestranol CRS in
chloroform R and dilute to 10 mL with the same solvent.

Reference solution (b) Dilute 1 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 J.1L 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 air until the solvent has evaporated. Heat at 110 "C for
10 min. Spray the hot plate with alcoholic solution of sulfuric
acidR. Heat again at 110°C for 10 min. Examine in daylight
and in ultraviolet light at 365 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)
(1.0 per cent) and at most one such spot is more intense
than the spot in the chromatogram obtained with 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.

ASSAY
Dissolve 0.200 g in 40 mL of tetrahydrojuran R and add
5 mL of a 100 gIL solution of silver nitrate R. Titrate with
0.1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 31.04 mg of
CZIHz60Z'

STORAGE
Store protected from light.
____________________ PhEur
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Carrier gas helium for chromatography R.

Flow rate 1.8 mlJrnin.
Split ratio 1:30.

Temperature:

Metacresol 11-245

C. 4-methyl:phenol (p-cresol),

Column

Injection port

Detector

Time
(min)

0-35

35 - 40

40 - 50

Temperature
eq
100

100 .... 150

150

200

200 D. 2,6-dimetb.ylphenol (2,6-xylenol),

Detection Flame ionisation.

Injection 1.0 J1L.
Relative retention With reference to metacresol (retention
time = about 28 min): impurity B = about 0.75;
impurity C =about 0.98.

System sU1:tability'Reference solution (a):
- resoluiion: minimum 1.4 between the peaks due to

impurity.C and-metacresol.

Limits:
- impuriiiesB, C: for each impurity, not more than

0.5 per cent,
- any other impurity: for each impurity, not more than

0.1 per cent,
- total: not more than 1.0 per cent.
- disregard limit: the area of the peak 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 1 h. The residue weighs
a maximum of 2 mg.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B, C.
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
criterion.for other/unspecified 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) A, D, E, F, 0, H, I, J,
K, L, M.

~OH

V
A. phenol,

B. 2-methylphenol (o-cresol, cresol),

CC
OH

"I CH3

E. 2-ethylphenol (o-ethylphenol),

~OH

H3C
MCH

3

F. 2,4-dimeth.ylphenol (2,4-xylenol),

G. 2,5-dimethyiphenoI (2,S-xylenol),

('Y0H
-..JyCH

3

CH3

H.2-(1-methylethyI)phenol,

I. 2,3-dimethylphenol (2,3-xylenol),

J. 3,5-dimethylphenol (3,5-xylenol),

K. 4-ethylphenol (p-ethylphenol),

L. 3,4-dimerhyiphenol (3,4-xylenol),
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1115-70-4165.6

(ph. Bur. monograph 0931)

PhEur _

DEFINITION
1,1-Dimethylbiguanide hydrochloride.

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

CHARACTERS
Appearance
White or almost white crystals.

Metformin Hydrochloride

(2) 0.050% w/v of the substance being examined.

(3) 0.0050% w/v of the substance being examined.

(4) 0.050% w/v of metaraminol tartrate BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a silica gel precoated plate (Merck silica gel 60 plates
are suitable).

(bjUse the mobile phase as described below.

(c) Apply 10 J.LL of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, dry in air and spray with a
solution prepared in the following manner. Mix 25 mL of a
0.45% w/v solution of sulfanilic acidin 1M hydrochloric acid
with 1.5 mL of a 5% w/v 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

Any 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%).

Loss on drying
When dried to constant weight at 105°, 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 titration,
Appendix VIII A, using 0.6 g and crystal violet solution as
indicator. Each mL of 0.1M perchloric acid VS is equivalent to
31.73 mg of CgH13NOz,C4H606.

Action and use
Biguanide; treatment of diabetes mellitus.

Preparations
Metformin Oral Solution

Metformin Tablets

Metformin Prolonged-release Tablets

17171-57-2

H OH
X _GOOH

, HOOC- X
H OH

317.3

Action and use
Adrenoceptor agonist.

Preparation
Metaraminol Injection

CHARACTERISTICS
A white, crystalline powder.

Freely soluble in water; sparingly soluble in ethanol (96%);
practically insoluble in ether.

IDENTIFICATION
A. 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 (4).

B. To 0.5 mL of a 0.05% w/v solution add 0.5 mL of
phosphomolybdotungstic reagent and 5 mL of dilute sodium
carbonate solution and allow to stand for 5 minutes.
An intense blue colour is produced.

C. To 4 mL of a 0.05% w/v solution add 5 mL of borate
buffer pH 9.6 and 1 mL of a freshly prepared 0.5% w/v
solution of sodium 1~2-naphthaquinone-4-sulfonate and allow to
stand for 1 minute. Add 0.2 mL of a 2% v/v solution of
benzalkonium chloride solution and 5 mL of toluene and shake.
A mauve colour is immediately produced in the toluene layer
(distinction from phenylephrine).

TESTS
Acidity
pH of a 5% w/v solution, 3.2 to 3.5, Appendix V L.

Phenones
Absorbance of a 0.2% w/v solution at 310 nm, 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 III A, using the following solutions
in methanol.

(1) 1.0% w/v of the substance being examined.

Metaraminol Tartrate

------ PhEur

M. 2,3 ,5-trimethylphenol.

DEFINITION
Metaraminol Tartrate is (lR,2S)-2-amino-1-(3
hydroxyphenyljpropan-Lol hydrogen (2R,3R)-tartrate.
It contains not less than 99.0% and not more than 101.0%
of CgH13NOz,C4H606, calculated with reference to the dried
substance.
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chromatography R. Filter or centrifuge at 800 g for 5 min
before use.

Reference solution Dissolve 1.0 mL of metformin
impurity F CRS in 100.0 mL of acetonitrile for
chromatography R. Dilute 2.5 mL of the solution to 100.0 mL
with acetonitrile for chromatography R. To 1.0 mL of this
solution add successively 5.0 mL of acetonitrile for
chromatography R, 100 ul, 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 for
chromatography R.

Column:
- size: l =0.125 m, (2) = 3 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography Rl (5 um);
- temperature: 30°C.

Mobile phase:
- mobile phase A: phosphoric acidR, waterR (0.1:99.9 J.1V);
- mobile phase B: acetonitrile for chromatography R;

Flow rate 0.7 mlJmin.

Detection Spectrophotometer at 380 nm..
Injection 5 ilL.

Identification of 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:
- impurity F: 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).

Testsolution Dissolve 0.50 g of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dissolve 20.0 mg of metformin
impurity A CRS in waterR 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 water R. Add 5 mL of the
test solution and dilute to 100 mL with waterR. Dilute 1mL
of this solution to 50 mL with the mobile phase. ~

Column:
- size: l = 0.25 m, (2) =4.6 mID;
- stationary phase: strong cation-exchange silica gelfor

chromatography R (10 urn).

Mobile phase 17 gIL solution of ammonium dihydrogen
phosphate R adjusted to pH 3.0 with phosphoric acid R.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in acetone and in
methylene chloride.

IDENTIFICATION
Firstidentification: B, E.

Second identification: A, C, D, E.
A. Melting point (2.2.14): 222°C to 226 DC.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison metformin hydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 20 mg of the substance to be
examined in waterR and dilute to 5 mL with the same
solvent.

Reference solution Dissolve 20 mg of metformin
hydrochloride CRS in waterR and dilute to 5 mL with the
same solvent.

Plate rTl.C silica gel G plate R.
Mobiiephase glacial acetic acidR, butanolR, waterR
(10:40:50 V/V/V); use the upper layer.

Application 5 JlL.

Development Over 3/4 of the plate.

Dry£ng At 100-105 °C for 15 min.
Detection Spray with a mixture of equal volumes of a
100 g/L solution of sodium nitroprusside R, a 100 gIL solution
of potassium ferricyanide R and a 100 gIL solution of sodium
hydroxide R, 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
(X-naphthol solution R. Mix and allow to stand in iced water
for 15 min. Add 0.5 mL of sodium hypobromite 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 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, MethodII).
Heat the solution to 50°C and cool to room temperature.

Impurity F
Liquid chromatography (2.2.29).

Derivatisation solution Prepare the solution immediately before
use. Dissolve 1 mL ofjluorodinitrobenzene R in 100.0 mL of
acetonitrile for chromatography R.

Blank solution To 5.0 mL of acetonitrile for chromatography R
add 100 J.LL of triethylamine R1 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 for
chromatography R.

Testsolution Prepare the solution immediately before use.
Suspend 10.0 mg of the substance to be examined in 5.0 mL
of acetonitrile for chromatography R and sonicate for 5 min.
Add 100 J.LL 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 for

Time
(min)

0-10

10 - 11

11- 15

Mobile phase A
(per cent VIl')

60 -+ 45

45 -+ 25

25

Mobile phase B
(per cent VIl')

40 -+ 55

55 -+ 75

75
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Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 218 nm.

Injection 20 JIL.
Run time Twice the retention time of metfonnin.

Identification ofimpurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A.

Relative retention With reference to metformin (retention
time = about 10 min): impurity A = about 0.2;
impurity D =about 0.3.

System suitability Reference solution (c):
- resolution: minimum 10 between the peaks due to

impurity D and metformin.

Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (0.02 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 0.2 per cent;
- disregard limit: 0.3 times the area of the principal peak in

the chromatogram obtained with reference solution (b)
(0.03 per cent); do not 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 for 5 h.

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

ASSAY
Dissolve 0.100 gin 4 mL of anhydrousformie acidR.
Add 80 mL of acetonitrile R. Carry out the titration
immediately. Titrate with 0.1 M perchloric acid, determining
the end-point potentiometrically (2.2.20).

1 m.Lof 0.1 M perchloric acid is equivalent to 16.56 mg of
C4H1zCINS'

IMPURITIES
Specifiedimpurities A~ F.

Other detectable impurities (the following substances uould, if
present at a sufficientleoel, be detected by oneorother of 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 idennJy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B~ C~ D~ B.

A. cyanoguanidine,

B. (4,6-diamino-l,3,5-triazin-2-yl)guanidine,

2020

C. NZ,Nz-dimethyl- l ,3,5-triazine-2,4,6-triamine (N,N
dimethylmelamine),

D. 1,3,5-triazine-2,4,6-triamine (melamine),

E. I-methylbiguanide,

F. N-methylmethanamine (dimethylamine).
____________________ PhEur

Basic Butylated Methacrylate
Copolymer
(Ph. Bur. monograph 1975)

Action and use
Excipient.

PhEur _

DEFINITION
Copolymer of 2-(dimethylamino)ethyl methacrylate, butyl
methacrylate and methyl methacrylate having a mean relative
molecular mass of about 47 000. The ratio of
2-(dimethylamino)ethyl methacrylate groups to butyl
methacrylate and methyl methacrylate groups is about 2:1:1.

Content of (dimethylamino) ethylgroups 20.8 per cent to
25.5 per cent (dried substance).

CHARACTERS
Appearance
Colourless or yellowish granules or white or almost white
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 butylated methacrylate copolymer CRS.

B. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 12.5 g in a mixture of 35.0 g of acetone Rand
52.5 g of 2-propanol R.

Viscosity (2.2.10)
3 mf'a-s to 6 ml'a-s, determined on solution S.

Apparatus Rotating viscometer.
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Dimensions:
- spindle: diameter =25.15 rom, height =90.74 mm, shaft

diameter = 4 rom;
- cylinder. diameter = 27.62 rom, height = 0.135 m.

Rotating speed 30 r/min.

Volume of solution 16 mL of solution S.

Temperature 20°C.

Absorbance (2.2.25)
Maximum 0.30 at 420 run, determined on solution S.

Appearance of a fihn
Spread 1.0 mL of solution S evenly on a glass plate. Upon
drying a clear film is formed.

Monomers
Maximum 0.1 per cent for each monomer (butyl
methacrylate, methyl methacrylate and 2-(dimethylamino)
ethyl methacrylate), determined by procedures A and B.
A. Butyl methacrylate and methyl methacrylate. Liquid
chromatography (2.2.29).

Solvent mixture acetonitrile Rl, phosphate buffer solution
pH 2.0R:(40:60 VIV).

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.

",'j •

Reference solution Dissolve 20.0 mg of butyl methacrylate 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: l = 0.125 m, 0 = 4.6 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (7 urn),

Mobz7e phase phosphate buffer solution pH 2. 0 R, methanol R2
(45:55 VIV).

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 205 run.

Injection 50 JlL.
System suitability Reference solution:

- resolution: minimum 5 between the peaks due to
impurities A and B.

Calculate the percentage contents of impurities A and B
using the following expression:

6 C AT
100 x 10- x 50 x M X AR

C concentration of the monomer in the reference solution, in
micrograms per millilitre;

M mass of substance to be examined in the test solution, in grams;
AT area of the peak due to the monomer in the chromatogram

obtained with the test solution;
AR area of the peak due to the monomer in the chromatogram

obtained with the reference solution.

B. 2-(Dimethylamino)ethyl methacrylate. Liquid
chromatography (2.2.29).

Test solution Dissolve 1.00 g of the substance to be
examined in tetrahydrofuran R and dilute to 50.0 mL with the
same solvent.

Reference solution Dissolve 10.0 mg of 2-(dimethylamino)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 tetrahydrofuran R.

NletLl.acrylate Copolymers 11-249

Column:
- size: l = 0.125 m, (2) = 4.6 rom;
- stationary phase: aminopropylsilyl silica gelfor

chromatography R (7 JlID).

l\IIobile phase Mix 25 volumes of a 3.404 gIL solution of
potassium dihydrogen phosphate Rand 75 volumes of
tetrahydrofuran R.

Flow rate 2.0 mIJmin.

Detection Spectrophotometer at 215 run.

Injection 50,u...

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 1.000g by drying in
an oven at 110 °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 a mixture of 4 mL of waterR and 96 mL
of anhydrous acetic acidR. 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 7.21 mg of
C4HlON.

STORAGE
In an airtight container.

IMPURITIES

A. butyl 2-methylprop-2-enoate (butyl methacrylate),

B. methyl 2-methylprop-2-enoate (methyl methacrylate),

C. 2-(dimethylamino)ethyl 2-methylprop-2-enoate
(2-(dimethylamino)ethyl methacrylate).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that 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 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
mandatory part is included in theFunctionality-related
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. 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 characteristic are
reported, the control methodmust beindicated.
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Thefollowing characteristics may be relevant for basic butylaied
methacrylate copolymer usedasfilm former in tablets.

Viscosity
(see Tests).

Appearance of a film
(see Tests).

Solubility 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 gIL solution
of hydrochloric acid R and stir. It dissolves within 1 h. Take
another film, place it in a flask containing phosphate buffer
solution pH 6.8 R and stir. It does not dissolve within 2 h.
____________________ PhEur

Methacrylic Acid • Ethyl Acrylate
Copolymer (1 :1)
(Ph. Bur. monograph 1128)

Action and use
Pharmaceutical aid.

PhEur _

DEFINITION
Copolymer of methacrylic acid and ethyl acrylate having a
mean relative molecular mass of about 250 000. The ratio of
carboxylic groups to ester groups is about 1:1. The substance
is in the acid form (type A) or partially neutralised using
sodium hydroxide (type B). It may contain suitable surface
active agents such 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);
- typeB: 43.0 per cent to 48.0 per cent of methacrylic

acid units (dried substance).

CHARACTERS
Appearance
White or almost white, free-flowing powder.

Solubility
Practically insoluble in water (type A) or dispersible in water
(type B), freely soluble in anhydrous ethanol, 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 1 mL of ethanol (90 per cent 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 methacrylic add - ethyl acrylate copolymer (1:1) 
typeA CRS or methacrylic acid- ethyl acrylate copolymer
(1: 1) - rype B CRS.
B. It complies with the limits of the assay.

C. Sulfated ash (see Tests).

TESTS
Viscosity (2.2.10)
- TypeA: 100 mf'a-s to 200 mf'a-s.

Dissolve a quantity of the substance to be examined
corresponding to 37.5 g of the dried substance in a mixture
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of 7.9 g of waterR and 254.6 g of 2-propanol R. Determine
the viscosity at 20 °C using a rotating viscometer at a shear
rate of 10 S~l.

- Type B: maximum 100 mf'a-s.

Disperse a quantity of the substance to be examined
corresponding to 80.0 g of the dried substance in water R
and make up to 400 g with the same solvent. Stir for 3 hand
determine the viscosity at 23 °C using a rotating viscometer
and a spindle rotating at 100 r/min.

Dimensions of the spindle Diameter =47.0 rom;
height =27.0 rom; shaft diameter =3.18 rom.

Appearance of a film
Spread 1 mL of the solution (type A) or dispersion (type B)
prepared for the test for viscosity on a glass plate and allow
to dry. A clear, brittle film is formed.

Ethyl acrylate and methacrylic acid
Liquid chromatography (2.2.29).

SolutionA Dissolve 3.5 g of sodium perchlorate R in waterR
and dilute to 100.0 mL with the same solvent.

Blank solution methanol R, solution A (50:50 VIV).

Test solution Dissolve 3.0 g of the substance to be examined
in methanolR and dilute to 50.0 mL with the same solvent.
To 5.0 mL of solution A add 5.0 mL of the solution
dropwise 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 butanol R and dilute
to 100.0 mL with methanol R. Dilute 1.0 mL of the solution
to 100.0 mL with methanol R. Dilute 2.0 mL of this solution
to 10.0 mLwith methanol R. Mix 5.0 mL of this solution and
5.0 mL of solution A.

Column:
- size: 1=0.125 m, 0 =4.6mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (7 JlI11).

Mobilephase Mix 20 volumes of methanol R2 and
80 volumes of waterfor chromatography R previously adjusted
to pH 2.0 with phosphoric acidR.
Flow rate 2.0 mIJmin.

Detection Spectrophotometer at 202 DID.

Injection 20 J1L.
Retention time Methacrylic acid = about 3 min; ethyl
acrylate =about 9 min.

System sut"tab£liry:
- 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.

Limit:
- sum of the contents of ethylacrylate and methacrylic acid:

maximum 0.01 per cent;
- reporting 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 °C for 6 h.
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Sulfated ash (2.4.14)
Maximum 0.4 per cent (type A) or 0.5 per cent to
3.0 per cent (type B), determined on 1.0 g.

ASSAY
Dissolve 1.000 g in a mixture of 40 mL of'fJJaleT R and
60 mL of 2-propanol R. Titrate slowly while stirring with
0.5 M sodium hydroxide, using phenolphilwJein solution R as
indicator.

1 mL of 0.5 M sodium hydroxide is equivalent to 43.0S mg of
C~602 (methacrylic acid units).

LABELLING
The label states the type (type A or type B).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section providesinformation on charaaeristiathat are
recognised as being relevant control parametersfurone or more
functions of the substance when used as 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 also represent mandatory quality
criteria. In such casef, a cross-reference to the tests described in the
mandatorypart is included in the Funet:ionalit;y-f'lated
characteristics section'. .Control of the characteristics can contribute
to the quality of a medicinal product by imjJ1TJfJing the consistency
of the manufcici:urirtg::process and thepeifarmam:e of the medicinal
productduring use. Where control methods are died; they are
recognised as being suitable for thepurpose, but othermethods' can
also be used. Whereverresults for a particularcharacteristic are
reported, the control methodmust be indicated.

The following characteristics may be relevantfor methacrylic
add - ethyl acrylate copolymer (1:1) usedas gastro-resistant
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 hydrochloric acidR and stir; it does not dissolve
within 2 h. Take another piece of the film, place it in a flask
containing phosphate buffersolurionpH 6.0 R and stir;
it dissolves within 1 h.
____________________ PhEur

Methacrylic Acid • Ethyl Acrylate
Copolymer (1 :1) Dispersion
30' per cent
(ph. Bur. monograph 1129)

Action and use
Excipient.

PhEur _

DEFINITION
Dispersion in water of a copolymer of methacrylic acid and
ethyl acrylate having a mean relative molecular mass of about
2S0 000. The ratio of carboxylic groups to ester groups is
about 1:1.

Methacrylic Acid Copolymers 11-251

Content
46.0 per cent to SO.6 per cent of methacrylic acid units
(residue on evaporation).

It may contain suitable surface-active. agents such as sodium
dodecyl sulfate and polysorbate 80.

CHARACTERS
Appearance
Opaque, white or almost white, slightly viscous liquid.

Solubility
Miscible with water. On addition of solvents such as acetone,
anhydrous ethanol or 2-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 (2.2.24).

Comparison Ph. Bur. reference spectrum of methacrylic acid 
ethyl acrylate copolymer (l: 1) dispersion 30 per cent.

B. It complies with the limits of the assay.

TESTS
Viscosity (2.2.10)
Maximum lS·mPa·s, determined using a rotating viscometer
at 20°C and at a shear rate of SO s-1.

Appearance of a film
Place 1 mL on a glass plate and allow to dry. A clear, brittle
:film is formed.

Particulate matter
Filter 100.0 g through a tared stainless steel sieve (90). Rinse
with waterR until a clear filtrate is obtained and dry at
100-10S °C. The residue weighs a maximum of 1.00 g.

Ethyl acrylate and methacrylic 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 Rl (1:2 VIV).
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 S.OmL of solution A add 10.0 mL of the
solution dropwise whilst stirring continuously. Centrifuge
until a clear supernatant is obtained. Use the clear
supernatant as the test solution.

Reference solution Dissolve SO.O mg of ethyl acrylate Rand
50.0 mg of methacrylic acidR in S mL of butanolR and dilute
to SO.O mL with methanolRl. Dilute 1.0 mL of the solution
to 100.0 mL with methanol Rl. Dilute 2.0 mL of this
solution to 10.0 mL with methanol Rl. Mix 10.0 mL of this
solution and S.O mL of solution A.

Column:
- size: l = 0.12S m, {2) = 4.6 mm;
- stationary phase: end-capped octadecyls£lyl silica gelfor

chromatography R (7 urn).

Mob£le phase Mix 20 volumes of methanol Rl and
80 volumes of waterfor chromatography R previously adjusted
to pH 2.0 with phosphoric acidR.
Flow rate 2.0 mUmin.

Detection Spectrophotometer at 202 nm.

Injection 20 j.tL.

Retention rime Methacrylic acid = about 3 min, ethyl
acrylate = about 8 min ..
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System suitability:
- 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.

Limit:
- sum of the contents of ethyl acrylate and methacrylic acid:

maximum 0.01 per cent;
- reporting threshold: 1 ppm.

Residue on evaporation
28.5 per cent to 31.5 per cent.

Dry 1.000 g at 110 "C for 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
TAMC: acceptance criterion 103 CFU/g (2.6.12).

TIMC: acceptance criterion 102 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.

1 mL of 0.5 M sodiumhydroxide is equivalent to 43.05 mg
of C~602 (methacrylic acid units).

STORAGE
At a temperature of 5 "C to 25 "C, protected from freezing.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevant control parameters for oneor more
functions of the substance when used as an excipient (see chapter
5.15). Some of the characteristics described in theFunctionality
relatedcharacteristics section may also bepresent 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
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinalproduct by improving the consistency
of the manufacturing process and theperformance of the medicinal
productduringuse. W'here control methods arecited, they are
recognised as beingsuitable for the purpose, but other methods can
also be used. U7herever results for a particular characteristic are
reported, the control methodmust be indicated.

The following characteristics may be relevant for methacrylic acid
ethyl acrylate copolymer (1:1) dispersion 30 per centusedas a
gastro-resistant coatingagent.

Viscosity
(see Tests).

Appearance of a film
(see Tests).

Solubility of a fihn
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 acidR and stir; it does not dissolve
within 2 h. Take another piece of the film, place it in a flask
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containing phosphate buffer solution pH 6.0 R and stir;
it dissolves within 1 h.

_______------------- PhElJr

Methacrylic Acid • Methyl
Methacrylate Copolymer (1:1)
(ph. Bur. monograph 1127)

Action and use
Excipient.

PhElJr _

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 g/L solution of sodium
hydroxide.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.1 g of the substance to be examined
in 1 mL of 2-propanol 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 methacrylic add - methylmethacrylate copolymer
(1:1) CRS.

B. It complies with the limits of the assay.

TESTS
Viscosity (2.2.10)
50 mf'a-s to 200 mf'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-I.

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, brittle filmis
formed.

Methyl methacrylate and methacrylic acid
Liquid chromatography (2.2.29).

Blank solution Mix 3.0 mL of methanol Rl and 10.0 mL of
0.125 M phosphate buffersolution pH 2.0 R.
Test solution Dissolve 1.00 g of the substance to be
examined in methanolRl and dilute to 50.0 mL with the
same solvent. To 10.0 mL of 0.125 M phosphate buffer
solution pH 2.0 R add 3.0 mL of the solution dropwise whilst
stirring continuously. Centrifuge until a clear supernatant is
obtained. Use the clear supernatant as the test solution.
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Reference solution Dissolve 50.0 mg of methacrylic acidRand
50.0 mg of methylmethacrylate 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 Rl . Mix 3.0 mL of this
solution and 10.0 mL of 0.125 M phosphate buffer solution
pR2.0R.

Column:
- size: 1= 0.125 m, 0 = 4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (7 urn),

Mobz1e phase Mix 20 volumes of methanol Rl and
80 volumes of water for chromatography R previously adjusted
to pH 2.0 with phosphoric acidR.
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 suitabz1ity:
- resolution: minimum 5.0 between the peaks due to

methacrylic acid and methyl methacrylate 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
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:
- methacrylic acid: maximum 0.03 per cent;
- 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 DC for 6 h.

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

ASSAY
Dissolve 1.000 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.

1 mL of 0.5 M sodium hydroxide is equivalent to 43.05 mg
of C4H 60z (methacrylic acid units).

FUNCTIONALITY-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 excipient (see chapter
5.15). Some of thecharacteristics described 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 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 manufacturing process and the performance of the medicinal
product duringuse. Where control methods are cited, 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 characteristics may be relevant for methacrylic acid
methyl methacrylate copolymer (l: 1) usedas gastro-resistant
coating agent.

Methacrylic Acid Copolymers 11-253

VllScosity
(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 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 6.8 R and stir;
it dissolves within 1 h.
____________________ PhEur

Methacrylic Acid • Methyl
Methacrylate Copolymer (1 :2)
(ph. Bur. monograph 1130)

Action and use
Excipient.

PhEur _

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 1:2.

Content
27.6 per cent to 30.7 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 1 mL of 2-propanol 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 methacrylic acid- methylmethacrylate copolymer
(1:2) CRS.
B. It complies with the limits of the assay.

TESTS
Viscosity (2.2.10)
50 mf'a-s to 200 mf'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 DC and at a
shear rate of 10 S-l.

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, brittle film is
formed.

Methyl methacrylate and methacrylic acid
Liquid chromatography (2.2.29).
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PhEur _

____________________ PhEur

1095-90-5

I Hel

345.9

Action and use
Opioid receptor agonist; analgesic.

Preparations
Methadone Injection

Methadone Linctus

Methadone Oral Solution (1 mg per ml)

Methadone Tablets

Methadone Hydrochloride
(Ph. Bur. monograph 0408)

to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. W7zere control methods arecited, they are
recognised as being suitable for thepurpose, but other methods can
also beused. W7zerever results for a particular characteristic are
reported, the control method must be indicated.
Thefollowing characteristics may berelevant for methacrylic acid
methylmethacrylate copolymer (1:2) usedas gastro-resistant
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 hydrochloric add 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 dissolvewithin 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 dissolveswithin 1 h.

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 almost white, crystalline powder.

Solubility
Soluble in water, freely soluble in ethanol (96 per cent).

IDENI1FICATION
Firstidentification: A~ C~ D.
Second identification: A~ B, D.
A. Optical rotation (see Tests).

Blank solution Mix 3.0 mL of methanol R1 and 10.0 mL of
0.125 M phosphate buffersolution pH 2.0 R.
Testsolution Dissolve 1.00 g of the substance to be
examined in methanolR1 and dilute to 50.0 mL with the
same solvent. To 10.0 mL of 0.125 M phosphate buffer
solution pH 2.0 R add 3.0 m.Lof the solution dropwise 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 methacrylic acidRand
50.0 mg of methyl methacrylate R in 5 m.Lof butanol Rand
dilute to 100.0 m.Lwith methanol R1. Dilute 1.0 mL of the
solution to 100.0 mL with methanol R1. Mix 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 octadecylsilyl silica gelfor

chromatography R (7 J.IID).

Mobile phase Mix 20 volumes of methanol R1 and
80 volumes of waterfor chromatography R previously adjusted
to pH 2.0 with phosphoric acid R.
Flow rate 2.0 mIJmin.

Detection Spectrophotometer at 202 nm.

Injection 20~.

Retention time Methacrylic acid = about 3 min; methyl
methacrylate = about 9 min.

System suitability:
- resolution:' minimum 5.0 between the peaks due to

methacrylic acid and methyl methacrylate 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
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:
- methacrylic acid: maximum 0.03 per cent;
- methylmethacrylate: 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 per cent, determined on 1.0 g.

ASSAY
Dissolve 1.000 g in a mixture of 40 mL of waterRand
60 mL of 2-propanol R. Titrate slowly while stirring with
0.5 1\11 sodium hydroxide, using phenolphthalein solution R as
indicator.
1 mL of 0.5 M sodium hydroxide is equivalent to 43.05 mg
of C4H60 z (methacrylic acid units).

FUNCTIONALITY-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 excipient (see chapter
5.15). Someof the characteristics described in theFunctionality
related characteristics section may also bepresent 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
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B. Melting point (2.2.14): 233°C to 236 °C.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of methadone
hydrochloride.

D. Dilute 1 mL of solution S (see Tests) to 5 rnL with
waterR and add 1 rnL of dilute ammonia Rl. Mix, allow to
stand for 5 min and filter. The filtrate gives reaction (a) of
chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free waterR and dilute to
50.0 rnL 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 rnL of solution S to 25 mL with carbon dioxide-free
waterR. To 10 mL of the solution add 0.2 mL of methylred
solution R and.Ozz ml, of 0.01 M sodium hydroxide.
The solution i~~yeIiow. Add 0.4 mL of 0.01 M hydrochloric
acid. The solution.Isred.

Optical rotation ,(22. 7)
-0.05° to + 0~9.s\Aetermined on solution S 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 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 methanolR. Dilute 1.0 mL of this solution to
100.0 mL with methanolR.
Reference solution (b) Dissolve 5 mg of imipramine
hydrochloride CRS and 5 mg of cyclobenzaprine
hydrochloride CRS in 100.0 mL of methanol R.
Column:
- material: fused silica;
- size: I =50 m, 0 =0.32 mID;
- stationary phase: poly(d':methyl) (diphenyl)siloxane R (film

thickness 1.05 J.lII1).

Carrier gas heliumfor chromatography R.

Flow rate 1.2 mIJmin.
Injection liner Packed with deactivated glass wool to wipe
the needle.

Split ratio 1:100.

Temperature:

Column

Injection port

Detector

Time
(min)

0-4
4-35

Temperature
("C)

150 -+ 250

250
200

250

- resolution: minimum 3.0 between the peaks due to
imipramine and cydobenzaprine.

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 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).

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 a mixture of 5 rnL of 0.01 M hydrochloric
acidand 50 mL 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.

1 rnL of 0.1 M sodium hydroxide is equivalent to 34.59 mg
of C21H2SClNO.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E.

and enantiomer

A. (2RS)-4-imino-N,N,2-trimethyl-3,3-diphenylhexan-1
amine (isomethadone ketimine),

ot
H3C'N~.:~,

- H
and enantiomer

\;} CN

¥ ~
.--:::;

B. (4RS)-4-(dimethylamino)-2,2-diphenylpentanenitrile
(didiavalo),

C. (3RS)-4-(dimethylamino)-3-methyl-2,2
diphenylbutanenitrile (isodidiavalo),

Detection Flame ionisation.

Injection 2~.

Run time 1.5 times the retention time of methadone.

Relativeretention 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.

System suitability Reference solution (b):

HaC'N""CH3

cSN
and enantiomer
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PhEur _

____________________ PhEur
E. diphenylacetonitrile.

Relativeretention With reference to methane (retention
time = about 3 min): nitrogen = about 0.7.

System suitability Reference gas:
- resolution: minimum 1.5 between the peaks due to

nitrogen and methane.

Calculation of percentage content:
- use the concentration of nitrogen in the reference gas.

Limit:
- maximum 500 ppm VllZ

CZ-C4 Hydrocarbons
Gas chromatography (2.2.28).
Gas to be 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 VIV), i-butane R (impurity E)
(100 ppm VIV) and n-butane R (impurity F) (100 ppm VIV).

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.53 rom;
- stationary phase: deactivated aluminium oxide for

chromatography R.
Carrier gas helium for chromatography R.

Flow rate 113 mUmin.

Split ratio 1:10.

Temperature:
74-82-8

(Ph. Bur. monograph 2413)

CH4 16.04

D. (5RS)-6-(dimethylamino}-5-methyl-4,4'-diphenylhexan-3
one (isomethadone),

Methane

qy
:~?C' N 'CH'CH3

~ /I and enantiomer

¥ "0
....,;:;

Detection Flame ionisation. Use appropriate fuel gases:
hydrocarbon-jree airR 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.

System suitability 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): maximum

100 ppm VIV.

Water (2.5.28)
Maximum 10.0 ppm VIlZ

ASSAY
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.

Reference gas (a) Methane Rl.
Reference gas (b) Mixture containing 1 per cent VIVof
nitrogen Rl in methane Rl.
Column:
- material: stainless steel;
- size: I = 2 m, 0 = 2 rom;

DEFINITION
Content
Minimum 99.5 per cent VIVof CH4 •

This monograph applies to methane obtained from natural
gas and intended for medicinal use.

CHARACTERS
Appearance
Colourless gas, flammable in air.

Solubility
At 20 DC 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 peak in the chromatogram obtained
with the gas to be examined is .similar in retention time to
the principal peak in the chromatogram obtained with
reference gas (b).

TESTS
Nitrogen
Gas chromatography (2.2.28).
Gas to beexamined The substance to be examined.

Reference gas Mixture containing 500 ppm VIVof
nitrogen Rl in methane Rl .

Column:
- material: stainless steel;
- size: l =2 m, 0 =2 mm;
- stationary phase: molecular sieve for chromatography R

(0.5 nm).

Carrier gas helium for chromatography R.

Flow rate 30 mIJmin.

Temperature:
- column: 80 DC;
- detector: 150 DC.

Detection Thermal conductivity.

Injection 1 mL.

Column

Detector

Time
(min)

0-1

1 - 3.4

3.4 - 4.5

Temperature
("C)

30

30 ..... 150

150

300
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- stationary phase: molecular sieve for chromatography R
(0.5 nrn).

Carrier gas helium for chromatography R.

Flow rate 30 mlJmin.

Temperature:
- column: 80°C;
- detector: 150°C.

Detection Thermal conductivity.

Injection 10 ilL.
Relative retention With reference to methane (retention
time = about 3 min): nitrogen = about 0.7.

System suitability 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" B" F.
A. N 2 : nitrogen,

B. H 20 : water,

C. ethane,

D.propane,

E. 2-methylpropane U-butane),

F. butane (n-butane).
____________________ Ph£ur

Methane Intermix (2 per cent) in
Nitrogen
(Ph. Bur. monograph 2905)
Ph£ur _

DEFINITION
A mixture containing 2 per cent VIVof Methane (2413) in
Low-oxygen nitrogen (1685).

Content
1.9 per cent VIV to 2.1 per cent VIV of methane (CH4) in
nitrogen (N2)'

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 complies with the limits of the assay.

B. Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.

Reference gas Nitrogen R1.
Column:

- material: stainless steel;
- size: l = 2 m, (2) =2 nun;
- stationary phase: molecular .sieve for chromatography R

(0.5 nrn).

Carrier gas helium for chromatography R.
Flow rate 20 ml./min.

Temperature:
- column: 80°C;
- detector: 130°C.

Detection Thermal conductivity.

Injection 10 ilL.

Retention time Nitrogen = about 2 min.

Results The principal peak in the 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.

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 R1 _in nitrogen R1.
Column:
- material: stainless steel;
- size: l = 2 m, (2) = 2 nun;
- stationary phase: 3 per cent squalane R on alumina.

Carrier gas helium for chromatography R.

Flow rate 20 mUmin.
Temperature:
- column: 100°C;
- detector: 250 "C.

Detection Flame ionisation.

Injection 100 J.tL.
Retention time Methane =about 0.5 min.

Calculate the percentage content of C~.

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 VIl1, of
methane in nitrogen.

IMPURITIES
Specified impurities A.

A. water.
____________________ Ph£ur
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Methanol

2020

Temperature:

Methyl Alcohol

(ph. Bur. monograph 1989)

67-56-1
PhEur _

Column

Injection port

Detector

Time
(min)

0-12

12 - 32

32 - 42

Temperature
("C)

40

40 - 240

240

200

280

DEFINITION
Methyl alcohol.

CHARACTERS
Appearance
Clear, colourless, volatile, hygroscopic liquid.

Solubility
Miscible with water and with methylene chloride.

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. Eur. reference spectrum of methanol.

TESTS
Appearance
It is clear (22.1) and colourless (2.2.2, MethodII).

Acidity or alkalinity
To 25 mL add 25 m.L of wat:er R and 0.25 mL of
phenolphthalein solution RI. The solution is colourless.
Not more than 0.9 mL ofO.OJ M sodium hydroxide is
required to change the- colour of the indicator to pink.

Relative density (2.2.5)
0.791 to 0.793.

Absorbance (2.2.25)
Maximum 0.15 at 230 nm, maximum 0.05 at 250 nm,
maximum 0.02 at 270 nm and maximum 0.01 at 290 nm.

Examine between 230 nm and 290 nm using waterR as the
compensation liquid. The absorption curve is smooth.

Impurity A
Gas chromatography (2.2.28).

Testsolution (a) The substance to be examined.

Test solution (b) Dilute 1.0 mL of 4-methylpentan-2-ol 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 p.Lof anhydrous ethanol R add
50 ul, of acetone R and dilute to 50.0 mL with test
solution (a). Dilute 100 p.Lof this solution to 10.0 mL with
test solution (a).

Reference solution (b) Dilute 100 J,JL of benzene R to
100.0 mL with test solution (a). Dilute 0.20 mL to
100.0 mL with test solution (a).

Column:
- material: fused silica,
- size: l =30 m, (2) =0.32 nun,
- stationary phase: poly[(cyanopropyl) (phenyl)][dimethyl]

siloxane R (film thickness 1.8 J.ll11).

Carrier gas heliumfor chromatography R.
Linearvelocity 35 cm/s.

Split ratio 1:20.

Detection Flame ionisation.

Injection 1 ilL.
System suitability Reference solution (a):
- resolution: minimum 4.0 between the peaks due to

impurity B (I" peak) and impurity C (2n d peak).

Limit:
- impurity A: maximum 2 ppm V/V:
Calculate the content of impurity A in parts per million V/V
using the following expression:

Al area of the peak due to impurity A in the chromatogram
obtained with test solution (a),

A2 area of the peak due to impurity A in the chromatogram
obtained with reference solution (b).

If necessary, the identity of impurity A can be confirmed
using another suitable chromatographic system (stationary
phase with a different polarity).

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-methylpentan-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-methylpentan-2-o1 in the chromatogram obtained with
test solution (b) (50 ppm).

Reducing substances
To 20 mL add 0.1 mL of 0.02M potassium permanganate.
The pink colour is not completely discharged within 5 min.

Residue on evaporation
Maximum 10 ppm.

Evaporate 100 g to dryness on a water bath and dry in an
oven at 100-105 °C. The residue weighs a maximum of
1 mg.

Water (2.5.12)
Maximum 0.10 per cent, determined on 10.0 g.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or otherof the tests
in the monograph. They are limited by thegeneral 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
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demonstration ofcompliance. See also 5.10. Control of impurities
in substances for phannacew:i'cal use) B, C.

o

o
)l.

HaC CHs

C. propanone (acetone).

B. ethanol,

A. benzene,

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, MethodII).

Acidity or alkalinity
To 5 mL of solution S add 0.1 mL of phenolphthalein
solution R. Not more than 0.2 mL of O.lM hydrochloric acid
or 0.1 M sodium hydroxide is required to change the colour of
the indicator.

Free fonnaldehyde
Maximum 50 ppm.

Dissolve 0.8 g in waterR and dilute to 8 mL with the same
solvent. Add 2 mL of ammoniacal siluer nitrate 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

-------------------- Ph Eur and in the same manner with a mixture of 8 mL of freshly
prepared formaldehyde standard solution (5 ppm CHzO) Rand
2 mL of ammoniacal silver nitrate solution R.

Methenamine
(Ph.'WZlr.monograph 1545)

100-97-0

Action and use
Anti-infective.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 15 mL with water R.

Sulfates (2.4.13)
Maximum 100 ppm, determined on solution S.

Ammonium (2.4.1)
Maximum 50 ppm.

Dilute 2 mL of freshly prepared solution S to 13 mL with
water R. Add 2 mL of dilute sodium hydroxide solution R.

Loss on drying (2.2.32)
Maximum 2,0 percent, determined on 1.000 g by drying in
a desiccator.

___________________ PhEur

PhEur _

63-68-3149.2

(Ph. Bur. monograph 1027)

Action and use
Amino acid.

Methionine

DEFINITION
(2S)-2-Amino-4-(methylsulfanyl)butanoic acid.

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

ASSAY
Dissolve 0.100 gin 30 mL of methanol R. 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 14.02 mg
ofC6H 12N4 •

STORAGE
Protected from light.

DEFINITION
1,3,5,7-Tetraazotricyclo[3.3.1.13,7]decane.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

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

IDENTIFICATION
First identification: A.
Secondidentification: B, C., D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methenamine CRS.
B. To 1 mL of solution S (see Tests) add 1 mL of sulfuric
acid R and immediately heat to boiling. Allow to cool.
To 1 mL of the solution add 4 mL of waterR and 5 mL of
acetylacetone reagent Rl. Heat on a water-bath for 5 min.
An intense yellow colour develops.

C. To 1 mL of solution S add 1 mL of dilute sulfuric acidR
and immediately heat to boiling. The solution gives the
reaction of ammonium salts and salts of volatile bases (2.3.1).

D. Dissolve 10 mg in 5 mL of waterR and acidify with dilute
hydrochloric acidR. Add 1 mL of potassium iodobismuthate
solution R. An orange precipitate is formed immediately.

PhEur _
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CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Soluble in water, very slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B.

Second identification: A, C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison: methionine CRS.
e.Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in dilute hydrochloric acidR and dilute to 50 mL
with the same acid.

Reference solution Dissolve 10 mg of methionine CRS in dilute
hydrochloric acidR and dilute to 50 mL with the same acid.

Plate TLC silica gelplateR.
Mobz"le phase glacialacetic acidR, water R, butanol R
(20:20:60 VIVIV).

Application 5~.

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.

D. Dissolve 0.1 g of the substance to be examined and 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.
Heat to 40 "C for 10 min. Allow to cool and add 2 mL of a
mixture of 1 volume of phosphoric acidRand 9 volumes of
hydrochloric add R. A dark red colour develops.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-jree water R and dilute to
100 mL with the same solvent.

Appearanceofswution
Solution S is clear (2.2.J) and colourless (2.2.2, Method II).

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 hydrochloric acidR1 and dilute to 50.0 mL
with the same acid.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.30 g of the substance to be
examined in mobile phase 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 to 10.0 mL with mobile phase A.

Reference solution (b) . Dissolve 5 mg of the substance to be
examined and 10 mg of L-methionine sulfoxide R (impurity A)

2020

in mobile phase A and dilute to 10.0 mL with mobile
phase A.

Column:
- size: l =0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped oetadecyls£lyl silica gelfor

chromatography R (5 J.lID);
- temperature: 30 "C.

Mobile phase:
- mobile phase A: acetonitrile Rl, 23 gIL solution of

phosphoric acidR, waterfar chromatography R
(0.5:12.5:87 VIVIV);

- mobile phase B: 23 gIL solution ofphosphoric acidR, water
for chromatography R, acetonitrile Rl (12.5:40:47.5 VIVIV);

Time Mobile phase A Mobile phase B
(min) (per cent VJ1I) (per cent VIJr)

0-6 100 0

6 - 50 100 ..... 0 0 ..... 100

50 - 60 0 100

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 urn.

Injection 50 IlL.
Relativeretention With reference to methionine (retention
time = about 6 min): impurity A =about 0.5.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and methionine.

Calculation of percentage contents:
- for each impurity, use the concentration of methionine 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.

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 R and heat on
a water bath for 30 min. Cool and dilute to 50 mL with
waterR. Add 1 mL of S£lver nitratesolution R2 and mix. Allow
to stand protected from light for 5 min. Any opalescence in
the solution is not more intense than that in a standard
prepared at the same time and in the same manner using
2 mL of chloride standard solution (50 ppm CT) R. Examine the
tubes laterally against a black background.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in 3 mL of dilute hydrochloric acidR and dilute
to 15 mL with distilled waterR.

Annnonium (2.4.1~ MethodB)
Maximum 200 ppm, determined on 0.10 g.

Prepare the standard using 0.2 mL of ammoniumstandard
solution (l00 ppm NH.J R.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 gin 10 mL of dilute
hydrochloric acidR. Shake with 3 quantities, each of 10 mL,
of methylisobutyl ketone Rl, shaking for 3 min each time.
To the combined upper layers, add 10 mL of waterR and
shake for 3 min. Use the lower layer.
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59-51-8149.2

(Ph. &T. monograph 0624)

DEFINITION
DL-Methionine contains not less than 99.0 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 dried substance.

PhEtr _

Action and use
Used in treatment of paracetamol overdose.

CHARACTERS
Almost white, crystalline powder or small flakes, sparingly
soluble in water, very slightly soluble in alcohol. It dissolves
in dilute acids and in dilute solutions of the alkali hydroxides.

It melts at about 270°C (instantaneous method).

IDENTIFICATION
First iJemification: A, C.
Secondidentification: B, C, D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
DL-metJIionine CRS. 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
with reference solution (a).

C. Dissolve 2.50 g in 1 M hydrochloric acidand dilute to
50.0 mL with the same acid. The angle of optical rotation
(2.2.7) is ~.05D to + 0.05°.

D. Dissolve 0.1 g of the substance to be-examined and 0.1 g
ofglycineR in 4.5 mL of dilute sodium hydroxide solution R.
Add 1 mL of a 25 gIL solution of sodium nitroprusside R.
Heat to 40 DC for 10 min. Allow to cool and add 2 mL of a
mixture of 1 volume of phosphoric acidRand 9 volumes of
hydrochloric acidR. A deep-red colour develops.

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
50 mL with the same solvent.

Appearance ofsolution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

pH (2.2.3)
The pH of solution S is 5.4 to 6.1.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GRas the coating substance.

Test solut:Wn (a) Dissolve 0.2 g in water R and dilute to
10 mL with the same solvent.

Test solsaion (b) Dilute 1 mL of test solution (a) to 50 mL
with 'Water R.
Reference solution (a) Dissolve 20 mg of DL-methionine CRS
in water R and dilute to 50 mL with the same solvent.

Reference solution (b) Dilute 1 mL of reference solution (a)
to 10 mL with waterR.

Dl-Methionine

and enantiomer

B. (2S)-2-amino-4-(methylsulfonyl)butanoic acid,

o
H3C-{

H, NH

H3C....S~COzH

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 0.125 ginS mL of anhydrous formic acidR.
Add 30 mL of anhydrous acetic acid R. 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 14.92 mg of
CSHllNOzS.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the, monograph." TJzey are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identifythese impurities for
demonstration o/compliance. See also 5.10. Control of impurities
in suJ~stances for pharmaceutical use) A, B, C, D, E.

C. (2RS)-2-(acetylamino)-4-(methylsulfanyl)butanoic acid,

A. (2S)-2-amino-4-[(RS)-methylsulfinyl]butanoic acid (L
methionine sulfoxide),

H NH2
H C \/

. 3 ....S~COH
q \\ 2

o 0

E. (2S)-2-[[(2RS)-2-(acetylamino)-4-
(methylsulfanyl) butanoyl] amino] -4-(methylsulfanyl)
butanoic acid.

____________________ PhEur

H ...NHz
H3C .... s ....~co Hand epimerat S

II Z

o

D. (2R)-2-[[(2RS)-2-(acetylamino)-4-
(methylsulfanyl) butanoyl]amino] -4-(methylsulfanyl)
butanoic acid,
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PhEur _

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARAC~RS

Appearance
Yellow or orange, crystalline, hygroscopic powder.

Solubility
Practically insoluble in water, in ethanol (96 per cent) and in
methylene chloride. It dissolves in dilute mineral acids and in
dilute solutions of alkali hydroxides and carbonates.

IDENTIFICATION
Infrared absorption spectrophotometry (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 dduie ammonia Rl and
5 mL of mobile phase A and dilute to 100.0 mL with mobile
phase A.

Testsolution (b) Dissolve 25.0 mg of the substance to be
examined in a mixture of 0.5 mL of dilute ammonia Rl 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 Rl 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 rng of 4-aminofolic acid R (impurity B), 5 mg of
methotrexate impurity C CRS, 5 mg of methotrexate
impurity D CRS and 5 mg of methotrexate impurityE CRS in a
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 solution' (e) Dissolve 8 mg of methotrexate for peak
identification CRS (containing impurities H and I) in a
mixture of 0.1 mL of dilute ammonia Rl and 1 mL of mobile
phase A and dilute to 20 mL with mobile phase A.

Column:
- size: l = 0.25 m, 0 = 4.0 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (5 urn).

Mobz1e phase:
- mobile phase A: mix 5 volumes of acetonitrile for

chromatography Rand 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 phase B: mix 50 volumes of acetonitrile for
chromatography Rand 50 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;

59-05-2454.4

Apply separately to the plate 5 !1L of each solution. Develop
over a path of 10 cm using a mixture of 20 volumes ofglacial
acetic acidR, 20 volumes of waterRand 60 volumes of
butanolR. Allow the plate to dry in air and spray with
ninhydrin solution R. Heat the plate at 100°C to 105 "C for
15 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) (0.2 per cent).

Chlorides
Dissolve 0.25 gin 35 mL of waterR. Add 5 mL of dilute
nitric acidRand 10 mL of silver nitrate solution R2. Allow to
stand protected from light for 5 min. Any opalescence 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
10 mL of chloride standardsolution (5 ppm Cf) R and 25 mL
of waterR (200 ppm). Examine the tubes laterally against a
black background.

Sulfates (2.4.13)
Dissolve 1.0 g in 20 mL of distilled waterR, heating to 60°C.
Cool to 10 "C and filter. 15 mL of the solution complies
with the limit test for sulfates (200 ppm).

Loss ondrying (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 0.140 gin 3 mL of anhydrous formic acidR.
Add 30 mL of anhydrous acetic acidR. Immediately after
dissolution, 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 14.92 mg of
CsH uN02S. '

STORAGE
Store protected from light.

Methotrexate
(Ph. Eur. monograph 0560)

Action and use
Dihydrofolate reductase inhibitor; cytostatic.

Preparations
Methotrexate Injection

Methotrexate Oral Solution

Methotrexate Tablets

____________________ PhEur

DEFINITION
(2S)-2-[[4-[[(2,4-Diaminopteridin-6-yl)methyl]methylamino]
benzoyl]amino] pentanedioic acid.

www.webofpharma.com



Flow rate 1.5 mIJrnin.
Detection Spectrophotometer at 280 run.
Injection 20 ~ of test solution (a) and reference
solutions (b), (c), (d) and (e).

Identification of impurities Use the chromatogram supplied
with methotrexate for peak identification CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities H and I; use the chromatogram
obtained with reference solution (d) to identify the peaks due
to impurities B, C and E.
Relativeretention With reference to methotrexate (retention
time = ahout18imin): impurity B = about 0.3;
impurity C,= about 0.4; impurity D =about 0.9;
impurity E.= aboui1.4; impurity I =about 1.5;
impurity IJ =,.about 1.6.

System suit(;zbilziy:
-resolutiOn: minimum 2.0 between the peaks due to

impurities Band C and minimum 1.5 between the peaks
due to impurity D and methotrexate, in the
chromatogram obtained with reference solution (d);
minimum 1.5 between the peaks due to impurities I
and H in the chromatogram obtained with reference
solution (e); if the resolution between impurity D and
methotrexate does not comply, increase the flow rate to
meet the requirement.

Limits:
- correction factors: 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;

- impurity C: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.5 per cent);

- impurities B~ E: 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);

- impurities H~ 1: 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 impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 per cent);

- sum of impurities other than B~ C and E: not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.5 per cent);

- 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 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 m.Lwith the mobile phase.

2020

Time
(min)

0-10

10 - 20

20 - 28

28 -37

Mobile phase A
(per cent VIV)

100

100 -+ 95

95 -+ 50

50

Mobile phase B
(per cent VIV)

o
0-+5

5 -+ 50

50

Methotrexate II-263

Reference solution (b) Dissolve 4.0 mg of methotrexate for
system suitability CRS (containing impurity F) in the mobile
phase and dilute to 20.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 = 4.0 mm;
~ stationary phase: bovine albumin R bound to silica gelfor

chromatography R (7 um) with a pore size of 30 nm.

Mobile phase Add 500 m.Lof a 7.1 gIL solution of
anhydrous disodium hydrogen phosphate R to 600 mL of a
6.9 gIL solution of sodium dihydrogen phosphate
monohydrate R, mix, and adjust to pH 6.9 with dilute sodium
hydroxide solution R; to 920mL of this mixture add 80 mL of
propanol R.

Flowrate 1.5 mUmin.
Detection Speetrophotometerat 302 nm,
Injection 20~.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity F.

Relative retention With reference to methotrexate (retention
time =about 4 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:
- impurity 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 with the following modification.

Injection Test solution (b) and reference solution (a).

Calculate the percentage content of CzoHzzNsOs taking into
account the assigned content of methotrexate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B, C~ E~ ~ FL 1.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, be detected by oneor otherof the tests
in themonograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/orby 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) A~ D~ G~ J~ K, L.

A. (2,4-diaminopteridin-6-yl)methano1,
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11-264 Methyl Hydroxybenzoate

N~ . ~~X;:H
N:):N)N

V
COHI H 2A A

H2N N N

B. (2S)-2-[[4-[[(2,4-diaminopteridin-6-yl)methyl]
amino]benzoyl] amino]pentanedioic 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),

D. 4- [[(2-amino-4-oxo-l,4-dihydropteridin-6-yl)
methyl] methylamino]benzoic acid (Nl 0-methylpteroic
acid),

E. 4- [[(2,4-diaminopteridin-6-yl)methyl]
methylamino]benzoic acid (4-amino-Nl 0-methylpteroic
acid, APA),

F. (2R)-2-[[4-[[(2,4-diaminopteridin-6-yl)methyl]
methylamino]benzoyl] amino]pentanedioic acid ((R)
methotrexate),

2020

H. (2S)-2-[[4-[[(2,4-diaminopteridin-6-yl)methyl]
methylamino]benzoyl] amino] -5-methoxy-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 l-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]pen~~~9ioic acid,

L. (2S)-2-[[4-(methylamino)benzoyl]amino]pentanedioic
acid.

____________~ PhEur

Methyl Hydroxybenzoate
Methylparaben

(Methyl Parahydroxybenzoate, Ph. Bur. monograph 0409)

G. (2S)-2-[[4-[[4-[[(2,4-diaminopteridin-6-yl)
methyl] methylamino] benzoyl]methylamino]benzoyl]
amino] pentanedioic acid,

o

d /CH3
I 0

HO ~

152.1

Action and use
Antimicrobial preservative.

99-76-3

www.webofpharma.com



2020

PhEur _

DEFINITION
Methyl 4-hydroxybenzoate.

Content
98.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or almost white, 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.
Secondidentification: A, C.

A. Melting point (2.2.14): 125°C to 128 °C.

E. Infrared.absorption spectrophotometry (2.2.24).

Compariso~,.."m~thyl parahydroxybenzoate CRS.
C. Thin-layer chromatography (2.2.27).

Test solution (a) Dissolve 0.10 g of the substance to be
examined in acetone R and dilute to 10 mL with the same
solvent.

Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with acetone R.
Reference solution (a) Dissolve 10 mg of methyl
parahydroiybenzoate CRS in acetone R and dilute to 10 mL
with the same solvent.

Reference solution (b) Dissolve 10 mg of ethyl
parahydroxybenzoate CRS in 1 mL of test solution (a) and
dilute to 10 mL with acetone R.
Plate TLC octadecylsilyl silica gelF254 plate R.

Mobilephase glacial acetic acidR, water R., methanol R
(1:30:70 VIVIV).

Application 2 J.1L of test solution (b) and reference
solutions (a) and (b).

Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitabzlity 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).

TESTS
Solution S
Dissolve 1.0 g in ethanol (96 per cent) 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 BY6 (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 waterRand 0.1 mL of bromocresol
green solution R. Not more than 0.1 mL of 0.1 M sodium
hydroxide is required to change the colour of the indicator to
blue.

Related substances
Liquid chromatography (2.2.29).

Methyl Hydroxybenzoate 11-265

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 mL of this solution to
100.0 mL With the mobile phase.

Reference solution (a) Dissolve 5 mg of 4-hydroxybenzoic
acidR (impurity A) 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 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 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 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn),

Mobile phase 6.8 gIL solution of potassium dihydrogen
phosphate R, methanol R (35:65 VIV).

Flow rate 1.3 mUmin.
Detection Spectrophotometer at 272 nm.

Injection 10 J.1L of the test solution and reference
solutions (a) and (c).

Run time 5 times the retention time of methyl
parahydroxybenzoate.

Relative retention With reference to methyl
parahydroxybenzoate (retention time =about 2.3 min):
impurity A = about 0.6.

System suitability 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;
- 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 twice the area of the principal peak in
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).

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 (b).

Calculate the percentage content of CSHS0 3 from the
declared content of methyl parahydroxybenzoate CRS.

IMPURITIES
Specified impurities A.

Other detectable impurities (thefollowing substances toould, if
present ata sufficient leoel, bedetected by oneor other of the tests
in the monograph. They are limited by the general acceptance
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ll-266 Methyl Nicotinate 2020

____________________ PhEur

PhEur _

B. Infrared absorption spectrophotometry (2.2.24).

Comparison methylnicotinate CRS.

e. Thin-layer chromatography (2.2.27).

Testsolution 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 methylnicotinate CRS in
methanol R and dilute to 2 mL with the same solvent.

Plate TLC silica gelF254 plate R.
Mobile phase methanol R, toluene R (10:90 VIV)o

Application 2 jlL.

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 solution is 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 citric acidmonohydrate Rand
0.2 mL of acetic anhydride R. Heat cautiously for 1 min.
A yellow colour is produced which turns first to orange, then
to red and then to violet.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution 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) Dissolve 25 mg of nicotinic acidR in
the mobile phase and dilute to 25.0mL with the mobile
phase. To 0.5 mL of this solution add 0.5 mL of the test
solution 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 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4 rom,
- stationary phase: octadecylsz"lyl silica gelfor chromatography R

(5 urn).

Mobile phase acetic acidR, waterR, acetonitrile R
(1:29:70 V/V/V).

Flow rate 1 mL/min.

Detection Spectrophotometer at 261 nm.
Injection 20 jlL.

Run time 3 times the retention time of methyl nicotinate.

Retention time Methyl nicotinate =about 3.3 min.

System suitabz1ity Reference solution (a):
- resolution: minimum 2 between the peaks due to

impurity A and methyl nicotinate.

Limits:
- zmpun"ty A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.1 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) (0.1 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),

93-60-7137.1

a« ,CH3
N I 0

~

Action and use
Vasodilator.

Methyl Nicotinate

o

~OH
HoN

DEFINITION
Methyl pyridine-3-earboxylate.

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

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very soluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
First identification: B.

Secondidentification: A~ C, D.
A. Melting point (2.2.14): 40°C to 42 -c.

e.propyl4-hydroxybenzoate (propyl parahydroxybenzoate),

o

~O~CH'
HoN

B. ethyl 4-hydroxybenzoate (ethyl parahydroxybenzoate),

(ph. Eur. monograph 2129)

criterion for otherlunspecffied impurities and/or by the general
monograph Substancesfor pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances for phamw.ceutical use) B~ C~ D;

A. 4-hydroxybenzoic acid,

D. butyl4-hydroxybenzoate (butyl parahydroxybenzoate).
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PhEur _

____________________ PhEur

(ph. Bur. monograph 0230)

IDENTIFICATION
F&stidentification:A.

Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylsalicylate 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 acid R. A crystalline precipitate is formed. Filter.
The precipitate, washed with waterR and dried 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 offerric
chloride solution Rl, 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, Method11).

To 2 mL add 10 mL of ethanol (96 percent) R.

Acidity
Dissolve 5.0 g in a mixture of 0.2 mL of bromocresol green
solution Rand 50 mL of ethanol (96 percent) R previously
neutralised to a blue colour by addition of 0.1 M sodium
hydroxide. Not more than 0.4 mLof 0.1 .'W 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 solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with acetone R. Dilute 1.0 mL of this solution to
10.0 mL with acetone R.
Reference solution (b) Dissolve 59.0 mg ofphenol R
(impurity B) in acetone R and dilute to 100.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
acetone 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 acetone R and dilute to
100 mL with the same solvent.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.53 mID;
- stationary phase: polymethylphenylszloxane R (film thickness

1 um).

Carrier gas helium for chromatography R.

Flow rate 5.0 mUmin.

Split ratio 1:1O.

Temperature:

119-36-8

o

~OCH3
U OH _

152.1

Action and use
Counter-irritant.

Preparations
Kaolin Poultice

Methyl Salicylate Liniment

Methyl Salicylate Ointment

Surgical Spirit

Methyl Salicylate

A. pyridirte-3-carboxylic acid (nicotinic acid).

- 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.

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 gin 50 mL of glacial acetic acidR. 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 13.71 mg
ofC7H7NOz.

STOjlAGE
Protected from light.

IMPURITIES
Specified impurities A.

Detection Flame ionisation.

Injection 0.5 ilL.

DEFINITION
Methy12-hydroxybenzoate.

Content
99.0 per cent m/m to 101.0 per cent m/m.

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.

Column

Injection port

Detector

Time
(min)

0-32.5

32.5 - 40.5

Temperature
CC)

100 ~ 230

230

200

250
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Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity B; use the chromatogram obtained with reference
solution (c) to identify the peaks due to impurities D and M.

Relative 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 suitabz1ity Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurities M and D.

Calculation of contents:
- for impurity B, use the concentration of impurity B in

reference solution (b);
- for impurities other than B, use the concentration of

methyl salicylate in reference solution (a).

Limits:
- impurityB: maximum 50 ppm;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent, except for impurity B;

disregard the peaks due to anisole and methanol.

ASSAY
Dissolve 0.500 gin 25 rnL of ethanol (96 per cent) R.
Add 0.05 rnL of phenol redsolution 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 for 30 min. Cool and titrate with
0.1 M hydrochloric acid. Calculate the volume of 0.1 M sodium
hydroxide used in the saponification. Carty out a blank
titration.

1 mL of 0.1 .NI sodium hydroxide is equivalent to 15.21 mg of
CSHS03 •

STORAGE
Protected from light.

Il\1PURITIES
Specified impurities B.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor 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 identJJy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) C, D, E, F, I, J, K,
L,M.

B. phenol,

o

~OCH3
HOV

C. methyl 4-hydroxybenzoate (methyl parahydroxybenzoate),

2020

D. methyl 4-methoxybenzoate,

o

«OCH,

H0'X_.
o OCH3

E. dimethyl 4-hydroxybenzene-1,3-dicarboxylate,

o

~O/'o-CH'
UOH

F. ethyl 2~hydroxybenzoate,

1. methyI2-hydroxy-3-methylbenzoate,

. 0

HsC~OC",
UOH

J. methyl 2-hydroxy-5-methylbenzoate,

o

~OC",
H3C~OH

K. methyl 2-hydroxy-4-methylbenzoate,

L. methyl 2-hydroxy-6-methylbenzoate,

M.methy12-methoxybenzoate.
____________________ PhEur

www.webofpharma.com



2020

Industrial Methylated Spirit
Industrial Methylated Spirits; IMS

Industrial Denatured Alcohol

DEFINITION
Industrial Methylated Spirit is a mixture of nineteen volumes
of ethanol of an appropriate strength with one volume of
approved wood naphtha. Two strengths are available
containing 99% by volume and 95% by volume of alcohol
(also known as 74 OP and 66 OP respectively).

C~CTEFUSTICS

A colourless, clear, mobile, volatile liquid, boiling at about
78°.

IDENTIFICATION
Mix 0.1 mL with 0.05 mL of an 11% w/w solution of
orthophosphoric acid and 0.25 mL of dilute potassium
permanganate solution. After 1 minute add a few mg of sodium
metabisulfite and shake until the mixture is decolorised.
Add l.5j:mL ofa '50% v/v solution of sulfuric acidand a
few mg of finely powdered chromotropic acidsodium salt, shake
well and heat ona.water bath for 5 minutes. A deep violet
colour is produced.

TESTS
Acidity or alkalinity
25 mL requires not more than 0.2 mL of 0.1M sodium
hydroxide VS to produce a pink colour with phenolphthalein
solution R1 and not more than 1.0 mL of 0.1M hydrochloric
acid VS to produce a red colour with methylred solution.

Clarity of solution
Dilute 5.0 mL to 100 mL with water. The solution is clear,
Appendix IV A.

Apparent density
For '66 OP' grade; not greater than 811.6 kg m-3

, and for
'74 OP' grade, not greater than 792.8 kg m-3

,

Appendix V G.

Aldehydes
To 5.0 mL add 5 mL of water and 1 mL·of decolorisedfuchsin
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% w/v solution of
redistilled acetaldehyde in aldehyde-free ethanol(96%)
(50 ppm).

Non-volatile matter
When evaporated and dried at 105°, leaves not more than
0.01 % w/v 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 74 OP
and 66 OP respectively).

CHARACTEFUSTICS; IDENTIFICATION; TESTS
Acidity or alkalinity; Clarity of solution; Apparent
density; Aldehydes; Non-volatile matter
Complies with the requirements stated under Industrial
Methylated Spirit.

Methylcellulose 11-269

Ketones
Dilute 5 mL to 10 mL with water, add 1 mL of a 1.0% w/v
solution of 2-nitrobenzaldehyde in ethanol (50%) followed by
1 mL of a 15% w/v solution of sodium hydroxide in water and
allow to stand for 15 minutes. Any colour produced is not
more intense than that produced by treating in the same
manner 10 mL of a 0.025% v/v soiution of acetone in ethanol
(50%) (500 ppm).

Methylcellulose1

(ph. Hur. monograph 0345)

9004-67-5

Action and use
Bulk-forming laxative; excipient.

Preparation
Methylcellulose Tablets

PhEur _

DEFINITION
Partly Q-methylated cellulose. Methyl ether of cellulose.

Content
26.0 per cent to 33.0 per cent of methoxy groups (-oCH3;

M r 31.03) (dried substance).

.CHARACTERS
Appearance
White, yellowish-white or greyish-white powder or 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
colloidal solution.•

IDENTIFICATION
A. Evenly distribute 1.0 g onto the surface of 100 mL of
waterR in a beaker, tapping the 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 'Water R,
and stir the mixture using a magnetic stirrer with a bar
25 mm long: a slurry is formed and the particles do not
dissolve. Allow the slurry to cool to 5 °C and stir using a
magnetic stirrer: 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
acid R, 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°C: a red colour develops 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 forms 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. Insert a
thermometer into the solution. Stir the solution on a

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.
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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 temperature is higher than 50°C.

TESTS
OAppearance of solution
The solution is not more opalescent than reference
suspension ill (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2, Method If).

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 water R 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 test.O

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 immersed 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 1);
75 per cent to 140 per cent of the nominal value for samples
with a viscosity of 600 ml'a-s or higher (Method 2).

Method 1, to be appliedto samples with a viscosity of less than
600 ml'a-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
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 200.0 g using cold waterR.
Centrifuge the solution ifnecessary 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 (r{), as 11 =pv,

Method 2, to be applied to samples with a viscosity of 600 mPa·s
or higher Weigh a quantity of the 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 ifnecessary, 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 ifnecessary 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.

2020

Rotornumber, revolution and calculation multiplier Apply the
conditions specified in Table 0345.-1.

Table 0345.-1.

Nominal Rotor Revolution Calculation
viscosity* number (r/min) multiplier
(mPa·s)

600 to less 3 60 20
than 1400

1400 toless 3 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 3 2000

*the nominal viscosityis 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 rom 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-tightness;

- 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.

Internalstandard solution 30 gIL solution of octane R in 0

xylene R.

Test solution Weigh 65.0 mg of the substance to be
examined, place in a reaction vial, add 0.06-0.10 g of adipic
acid R, 2.0 mL of the internal standard solution and 2.0 mL
of hydriodic acidR, immediately cap and seal the vial, and
weigh accurately. Mix the contents of the 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 acidR, 2.0 mL
of the internal standard solution and 2.0 mL of hydriodic
acid R in another reaction vial, cap and seal the vial, and
weigh accurately. Add 45 ilL 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: poly(dimethyl)siloxane R (3 JlIIl).

Carrier gas heliumfor chromatography R.
Flowrate 4.3 mUmin.
Split ratio 1:40.

Temperature:

Thefollowing characteristics may be relevant for methylcellulose
usedas binder, viscosity-enhancing agentorfilm former.

Viscosity
See Tests.

Degree of substitution
See Assay.
- PhEur

Time
(min)

Temperature

CC)
Methyldopa

Column

Injection port

Detector

0-3

3-8

8 - 12.3

12.3 - 20.3

50

50 -+ 100

100 -+ 250

250

250

280

(Ph. Eur. monograph 0045)

PhEur _

Action and use
Alphae-adrenoceptor agonist; treatment of hypertension.

Preparation
Methyldopa Tablets

DEFINITION
(2S)-2-Amino-3-(3,4-dihydroxyphenyl)-2-methylpropanoic
acid sesquihydrate (t-methyldopa sesquihydrate).

Content
99.0 per C~!ltto-101.0per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white, crystalline powder or colourless or
almost colourless crystals.

Solubility
Slightly soluble in water, very 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. Infrared 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.

TESTS
Appearance of solution
Dissolve 1.0 g in 1 M hydrochloric add and dilute to 25 mL
with the same solvent. The solution is not more intensely
coloured than reference solution BY6 or B6 (2.2.2,
Method 11).

Acidity
Dissolve 1.0 g with heating in 100 mL of carbon dioxide-free
waterR. Add 0.1 mL of methylredsolution R. Not more than
0.5 mL of 0.1 M sodium hydroxide is required to produce the
pure yellow colour of the indicator.

41372-08-1238.2

ml mass of methyl iodide in the reference solution, in milligrams;
m mass of the sample (dried substance), in milligrams.

LABELLING
The label states the viscosity in millipascal seconds.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevantcontrol parameters for one ormore
functions of the substance 'When usedas an excipient (see chapter
5.15). Some of the characteristics described in theFunctionality
related characteristics section may also bepresent in the mandatory
part of the monograph sincethey also represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is includedin theFunctionality-related
characteristics section. Contrd of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. Where control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
also beused. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.

Detection F]aJ:P,~c:ionisation or thermal conductivity.

Injection 1-2J,LL~

Relative. retention :,With reference to octane (retention
time = about lO,min): methyl iodide = about 0.4;

System suitdbil#y ....Reference solution:
- resolution: minimum 5.0 between the 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 peak due to
methyl iodide to that due to octane, determined on
6 injections.

Calculate 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 test solution, and the
ratio (Ql) 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 content of methoxy groups using
the following expression:

Q x ml x 21.864
Qlxm
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Absorbance (2.2.25)
Test solution Dissolve 40.0 mg in 0.1 M hydrochloric acid and
dilute to 100.0 mL with the same acid. Dilute 10.0 mL of
the solution to 100.0 mL with 0.1 M hydrochloric acid.

Spectralrange 230-350 nm.

Absorption maximum At 280 nm.

Specific absorbance at the absorption 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 octadecylsilyl silica gel

for chromatography R (5 um),

Mobilephase Dissolve separately 0.200 g of copper acetate R
and 0.387 g of N,N-dimethyl-L-phenylalanine R in waterR;
mix the 2 solutions and adjust immediately to pH 4.3 with
acetic acid R; add 50 mL of methanolR and dilute to
1000 mL with waterR; mix and filter.
Equilibrate the column with the mobile phase for about 2 h.

If necessary, decrease the concentration of methanolR so the
peak corresponding to D-methyldopa is clearly separated
from the negative system peak that appears at about 6 min.
Flow rate 1 mIJmin. '

Detection Spectrophotometer at 280 nm.

Injection 20}lL.

Run time Twice the retention time of L-methyldopa.

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 D

methyldopa and L-methyldopa.

Limit:
- ti-methyldopa (impurity D): 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). Prepare the solutions
immediately before use.

Test solution Dissolve 0.100 g of the substance to be
examined in 0.1 M hydrochloric 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 hydrochloric acid. Dilute 5.0 mL of this
solution to 100.0 mL with 0.1 M hydrochloric acid.

Referencesolutum (b) Dissolve the contents of a vial of
methyldopa for system suitabz1ity CRS (containing
impurities A, B and C) in 1.0 mL of 0.1 M hydrochloric acid.

Column:
- size: 1= 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 nm.
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kIobz7e phase methanolR, 0.1 M phosphate buffer solution
pH 3.0 R (15:85 VIV). -

Flow rate 1 mUmin.

Detection Spectrophotometer at 280 nm.

Injection 20 J.LL.
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 obtained with reference solution (b) to
identify the peaks due 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.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities Band 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 peak in 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 obtained with 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 acid R. 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 21.12 mg of
ClOH13N04•

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B~ C, D.

1\. (25)-2-amino-3-(4-hydroxy-3-methoxyphenyl)-2
methylpropanoic acid (3-methoxymethyldopa),
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B. (2S)-2-amino-3-(4-methoxyphenyl)-2-methylpropanoic
acid,

C. (2S)-2-amino-3-(3,4-dimethoxyphenyl)-2-methylpropanoic
acid,

Related substances
Carry out the method for thin-layer chromatography,
Appendix ill A, using the following solutions in methanol.

(1) 10.0% w/v of the substance being examined.

(2) 0.25% w/v of methyldopa BPCRS.

(3) 0.040% w/v of methyldopa BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel GF254•

(b) Use the mobile phase as described below.

(c) Apply 2 JlL of each solution.

(d) Develop the plate to 12 cm.

(e) After removal of the plate, dry in air, heat at 105 0 for
10 minutes and examine under ultraviolet light (254 nm).
Expose the plate to iodine vapour for 10 minutes and
examine again.

MOBILE PHASE

Equal volumes of acetone, butan-I-ol; glacial acetic acid, toluene
and water

_______________________ PhEur

Methyldopate Hydrochloride

Action and use
Alphaz-adrenoceptor agonist; treatment of hypertension.

LIMITS

By each method of visualisation any-spot corresponding to
methyldopa in the chromatogram obtained with solution (1)
is not more intense than the spot in the chromatogram
obtained with solution (2) (2.5%) and any other secondary
spotis not more intense than the spot in the chromatogram
obtained with solution (3) (0.4%).

Loss on drying
When dried to constant weight at 105 0 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 titration,
Appendix VIII A, using 0.5 g and determining the end point
potentiometrically. Each mL of 0.1Mperchloric acid VS is
equivalent to 27.57 mg of C1zH17N04,HCl.

STORAGE
Methyldopate Hydrochloride should be protected from light.

2508-79-4275.7

H0:():A~COOEtI -~ ,Hel
~ M€" NH2HO

DEFINITION
Methyldopate Hydrochloride is ethyl 3-(3,4
dihydroxyphenyl)-2-methyl-L-alaninate hydrochloride.
It contains not less than 98.5% and not more than 101.0%
of ClzH17N04,HCI, calculated with reference to the dried
substance.

D. (2R)-2-amino..3~(3,4-dihydroxyphenyl)-2-methylpropanoic
acid (n-methyldopa).

PhEur _

Methylergometrine Maleate

57432-61-8455.5

(ph. Bur. monograph 1788)

Action and use
Oxytocic.

DEFINITION
(6aR,9R)-N-[(IS)-1-(Hydroxymethyl)propyl]-7-methyl
4,6,6a,7,8, 9-hexahydroindolo [4,3-fg] quinoline-9-carboxamide
(Z)-butenedioate.

CHARACTERISTICS
A white or almost white, crystalline powder.

Freely soluble in water, in ethanol (96%) and in methanol;
practically insoluble in ether.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of methyldopate
hydrochloride (RS 224).

B. The lightabsorption, Appendix II B, in the range 230 to
350 nm of a 0.008% w/v solution in 0.1Mhydrochloric acid
exhibits a maximum only at 280 nm. The absorbance at the
maximum at 280 nm is about 0.80.

C. Yields reaction A characteristic of chlorides, Appendix VI.

TESTS
Acidity
pH of a 1% w/v solution, 3.0 to 5.0, Appendix V L.

Specific optical rotation
In a 4% w/v solution in O.IM hydrochloric acidand
determined at 405 nm, -13.5 to -14.9, calculated with
reference to the dried substance, Appendix V F.
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Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Soluble in water, slightly soluble in anhydrous ethanol.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison methylergometrine maleate CRS.

TESTS
Solution S
Dissolve 0.100 g in carbon dioxide-free waterR and dilute to
20.0 mL with the same solvent.

pH (2.2.3)
4.4 to 5.2.

Dilute 2.0 mL of solution S to 50.0 mL with carbon dioxide
free waterR.

Specific optical rotation (2.2. 7)
+ 44.0 to + 50.0 (dried substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light.

Test solution Dissolve 25 mg of the substance to be
examined in 15 mL of mobile phase B and dilute to 50.0 mL
with waterR.
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 mL with waterR.'
Reference solution (b) Dissolve the contents of a vial of
methylergometrine for system suitability CRS (containing
impurities A, B, C, D, E, F, G, H and 1) in 1.0 mL of a
mixture of 30 volumes of mobile phase B and 70 volumes of
waterR. .

Column:
- size: 1= 0.10 m, (2) = 4.6 mID;
- stationary phase: end-capped octadecylsiZyl silica gelfor

chromatography R (3.5 um),

Mobile phase:
- mobile phaseA: 2 gIL solution of ammonium carbamate R;
- mobile phaseB: acetonitrile R, waterR (50:50 VIV);
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Relative retention With reference to methylergometrine
(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.

Systemsuitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

methylergometrine and impurity I; minimum 1.5 between
the peaks due to impurities I and E.

Limits:
- impurity I: not more than 3 times the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.3 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);

- impurities A, B, D, E, 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)
(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 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 acidR. 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 45.55 mg
of Cz.JIz9N306.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, 1.

Time
(min)

0-2

2-7

7 - 12

12 - 17

17 - 19

Mobile phase A
(per cent VIV)

85

85 -+ 65

65

65 -+ 20

20

Mobile phase B
(per cent VIV)

15

15 -+ 35

35

35 -+ 80

80

Flow rate 2.0 mlJmin.
Detection Spectrophotometer at 310 nm.
Injection 20 JlL.
Identification of impurities Use the chromatogram supplied
with methylergometrine for system 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.

A. (6aR, 9R)-7-methyl-4,6,6a,7,8,9-hexahydroindolo[4,3-fg]
quinoline-9-carboxylic acid,

B. (6aR, 9S)-7 -methyl-4,6,6a,7,8,9-hexahydroindolo[4,3-fg]
quinoline-9-carboxylic acid,
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C. (6aR,9R)-7-methyl-4,6, 6a,7,8, 9-hexahydroindolo[4,3-fg]
quinoline-9-carboxamide,

Methylphenidate Hydrochloride 11-275

1. (6aR,9K)-N- [( lR)-I-01ydroxymethyl)propyl] -7-methyl
4,6,6a,7,8, 9-hexahydroindolo[4,3-fg]quinoline-9
carboxamide (1 '-epi-methylergometrine).

___________________ PhEur

Methylphenidate Hydrochloride
(Ph. Eur. monograph 2235)D. (6aR,9R)-N-[(IS)-2-hydroxy-l-methylethyl]-7-methyl

4,6,6a,7,8,9-hexahydroindolo[4,3-fg]quinoline-9
carboxamide (ergometrine),

H ?Ha
: N

HNYCX·)..HNH,
U~)-

E. (6aR, 9S)-7-methyl-4,6,6a,7,8, 9-hexahydroindolo [4,3-fg]
quinoline-s-carboxamide,

and enantiomer I Hel

269.8

Action and use
Narcolepsy; hyperactivity disorder in children.

Preparation
Methylphenidate Tablets

298-59-9

F. (6aR, 9S)-N- [(1S)-2-hydroxy-l-methylethyl]-7-methyl
4,6,6a,7,8,9-hexahydroindolo[4,3-fg] quinoline-9
carboxamide (ergometrinine),

(7. (6aR,9R)-N-[(IS)-1-01ydroxymethyQpropyn-4,7-CUnlethyl
4,6,6a,7,8, 9-hexahydroindolo [4,3-fg] quinoline-9
carboxamide (methysergide),

H. (6aR,9S)-N- [(1S)-l-01ydroxymethyl)propyl]-7-methyl
4,6,6a,7,8,9-hexahydroindolo[4,3-fg]quinoline-9
carboxamide (methylergometrinine),

PhEur _

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 almost white, fine, crystalline powder.

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

IDENTIFICATION
First identification: A, C.
Secondidentification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylphenidate hydrochloride CRS.

_B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in 1.0 mL of methanolR.

Reference solution Dissolve 5 mg of methylphenidate
hydrochloride CRS in 1.0 mL of methanolR.

Plate TLC silica gelplate R.

Mobilephase concentrated ammoniaR, methanolR, methylene
chloride R (1:4:95 V/V/V).

Application 5 J1L.
Development Over 2/3 of the plate.

Drying At 60 °C for 5 min .

.Detection Spray with a freshly prepared 5 gIL solution of fast
blueB salt R; heat to 60 °C for 1 min.
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Result The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot obtained with 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.

Solvent mixture Mix 20 volumes of acetonitrileRl 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 triethylamine R2, adjust to
pH 2.7 with phosphoric acidR and dilute to 1000 mL with
waterfor chromatography R.

Test solution Dissolve 25 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 2 mg of methylphenidate
impurity C CRS in 100.0 m.L of the solvent mixture.

Reference solution (b) Dissolve the contents of a vial of
methylphenidate impurity mixtureCRS (impurities A and B) in
1.0 mL of reference solution (a).

Reference solution (c) Dilute 1.0 m.L 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= 0.075 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3.5 um);
- temperature: 40°C.

Mobilephase:
- mobile phaseA: dissolve 2.16 g of sodium oaanesulfonaie R

in 950 mL of waterfor chromatography R, add 1.0 mL of
triethylamine R2, adjust to pH 2.7 with phosphoric acid R
and dilute to 1000 mL with waterfor chromatography R;

- mobile phaseB: acetonitrile Rl;

Time
(min)

0-15

15 - 35

Mobile phase A
(per cent VIJI)

80

80 -> 60

Mobile phase B
(per cent VIJI)

20

20 -> 40

- unspecified impurities: 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 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (c) (1.0 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).

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 0.250 gin 50 rnL of ethanol (96 per cent) R and add
5.0 rnL 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 volume added between the 2 points of inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 26.98 mg of
C l,J!ZOClNOz•

STORAGE
Protected from light.

IMPURITIES
Specified impurities A J B.

Otherdetectable impurities (thefollowing substances uould, if
present at a sufficient leoel, bedetected by oneor other of the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substancesfor 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) CJ DJ EJ F.

A. (2RS)-phenyl[(2RS)-piperidin-2-yl]acetic acid,

Flow rate 1.3 mlJmin.

Detection Spectrophotometer at 215 nm,

Injection 20 ilL.

Identification of impurities Use the chromatogram supplied
with methylphenidate impuni;y mixture CRS and the
chromatogram obtained with reference solution (b) 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.

Relative retention With reference 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 between the peaks due to

impurities A and C.

Limits:
- impurities A J B: for each impurity, not more than 5 times

the area of the principal peak in the chromatogram
obtained with reference solution (c) (0.5 per cent);

B. methyl (2RS).,.phenyl[(2SR)-piperidin-2-yl]acetate,

~~2 _~_o HU and enannorner

C. (2RS)-2-phenyl-2-[(2RS)-piperidin-2-yl]acetamide,

cY>o
N~2 H

-,::;:r , N and enantiomer

I H"
~

D. (2RS)-2-phenyl-2-[(2SR)-piperidin-2-yl]acetamide,
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PhEur -:- _

___---, PhEur

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 methylphenobarbital CRS
in methylene chloride R and dilute to 10 mL with the same
solvent.

Plate TLC silica gel GF254 plate R.

Mobile phase concentrated ammonia R, ethanol (96 per cent) R,
methylene chloride R (5:15:80 V/V/V); use the lower layer.

Application 10 ilL.
Development Over 2/3 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. 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.
Cool in iced water and add 5 mL of waterRand 5 mL of
strong sodium hydroxide solution R. Add 5 mL of acetone R,
shake and allow to stand. A dark-red colour develops in the
upper layer.

TESTS
Appearanceofsolurlon
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, MethodII).
Dissolve 1.0 g, with gentle heating, in a mixture of 4 mL of
dilute sodium 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 methylred
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 yellow colour.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 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) 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 phenobarbital 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: 1= 0.25 m, (2) =4.6 mm;
- stationary phase: end-capped octadecylsz"lyl silica gelfor

chromatography R (5 /lID).

Mobz"le phase Dissolve 6.60 g of sodium acetate R in 900 mL
of waterR, add 3 mL of glacial acetic acidR, adjust to pH 4.5
with glacial acetic acidR and dilute to 1000 mL with waterR.
Mix 40 volumes of this solution with 60 volumes of
methanol R.

Flow rate 1.0 mIJmin.

Detection . Spectrophotometer at 254 nm.
Injection 20 j.1L.

Run time 3.5 times the retention time of
methylphenobarbital.

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

115-38-8

andenantiomer

and enantiomer

246.3

~.y_N_U "0 andenantlomer

IDENTIFICATION
First identification: A~ B.

Secondidentification: A~ 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 nret:h:Ylphenobarbital CRS and determine the
melting point of the mixture. The difference between the
melting points (which are about 178°C) is not greater than
2°C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison methylphenobarbital CRS.
C. Thin-layer chromatography (2.2.27).

E .. ethyl (2RS}-phenyl[(2RS)-piperidin-2-yl]acetate,

F. (2RS)-2-phenyl-2-(pyridin-2-yl)acetamide.

DEFINITION
(5RS)-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 powder or colourless
crystals.

Solubility
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.

Action and use
Barbiturate.

Preparation
MethylphenobarbitaI Tablets

MethyJp~enobarbital

(Ph. Eur. mi,nogmJJh0189)
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PhEur _

Methylprednisolone

DEFINITION
11~,17,21-Trihydroxy-oc-methylpregna-I,4-diene-3,20
dione.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent), slightlysoluble.. in acetone and in methylene
chloride. .--

It shows polymorphism (5.9).

IDENTIFICATION
Firstidentification: A, B.
Second identification: C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylprednisolone 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 acetone 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).

Test solution (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 mL of solution Ato a glass
tube 100 mm long and 20 mm in diameter and fitted with a
ground-glass stopper or a polytetrafluoroethylene cap and
evaporate the solvent with gentle heating under a stream of
nitrogen R. Add 2 mL of a 15 per cent V/V solution of glacial
acetic acidRand 50 mg of sodium bismuthate R. Stopper the
tube and shake the suspension in a mechanical shaker
protected from light for 1 h. Add 2 mL of a 15 per cent V/V
solution of glacial acetic acidR and filter into a 50 mL

83-43-2374.5

(Ph. Bur. monograph 0561)

Action and use
Glucocorticoid.

Preparation
Methylprednisolone Tablets

gro ~vO
HaC I

NH

f " 0

__________________----,------, Ph Eur

A. 5-ethyl-5-phenylpyrlmidine-2,4,6(IH,3H,5H)-trione
(phenobarbital) .

Identification of impurities Use the chromatogram obtained
. with reference solution (b) to identify the peak due to
impurity A.

Relativeretention With reference to methylphenobarbital
(retention time =about.7 min): impurity A =about 0.7.

System suitabilziy Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and methylphenobarbital.

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 impurities: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 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);

- 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 gin 70 mL of ethanol (96 percent) R and add
20 mL of waterR. Stir with a mechanical stirrer for about
30 min and sonicate to achieve complete dissolution. 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 24.63 mg of

C13Hl~203'

IMPURITIES
Specified impurities A.
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Solvent mixture phosphoric acidR, acetonitrile R, waterR
(0.1:50:50 V/VIV).

Testsolution Dissolve 30.0 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 3 mg of methylprednisolone for
systemsuitability A CRS (containing impurities A, B, C, D, E,
F, G, H and I) in the solvent mixture and dilute to 5.0 mL
with. the solvent mixture.

Reference solution (b) Dilute 1.0mL 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 mixture and dilute to
50.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, (2) = 4.6 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 45°C.

Mobile phase:
- mobilephaseA: phosphoric acidR, tetrahydrofuran R,

acetonitrile R, waterR (0.1:1.5:10:90 VIVIVIV);
- mobilephaseB: phosphoric acidR, tetrahydrofuran R,

acetonitrile R (0.1:1.5:100 VIVIV);

Flow rate 1.5 mUmin.
Deteaion Spectrophotometer at 247 nm.

Injection 10 ul, of the test solution and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with. methylprednisolone for system suitability A CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A,~,",-".C, D, E, F, G, H
and I.
Relative retention With reference to methylprednisolone
(retention time =about 12 min): impurity B =about 0.85;
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 1) = about 2.10; impurity D (isomer 2) = about 2.2.

System suitability Reference solution (a):
- resolution:' minimum 1.7 between the peaks due to

impurity A and methylprednisolone;
- peak-to-ualley ratio: minimum 2.0, where Hp = height

above the baseline of the peak due to impurity F and
H'O =height above the baseline of the lowest point of the
curve separating this peak from the peak due 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 obtained with reference solution (b)
(0.5 per cent);

- impurity A: not more than 0.3 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- sum of impurities G and I: not more than 0.3 times the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.3 per cent);

separating funnel, washing the filter with 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 mL of
1 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 methanolR and dilute to 2 mL with
the same solvent (solution B). Dilute 1 mL of solution B to
5 mL with methylene chloride R.

Reference solution (b) Transfer 0.4 mL of solution B to a
glass tube 100 mm long and 20 rnm in diameter and fitted
with a ground-glass stopper or a polytetrafluoroethylene cap
and evaporate the solvent with gentle heating under a stream
of nitrogen R. Add 2 mL of a 15 per cent VIV solution of
glacial acetic acidRand 50 mg of sodium bismuthate R.
Stopper the tube and shake the suspension in a mechanical
shaker protected from light for 1 h. Add 2 mL of a
15 per cent VIV solution of glacial acetic acidR and filter into
a 50 mL separating funnel, washing the filter with
2 quantities, each of5mL, of water R. Shake the clear
filtrate with 10 mL 'of methylene chloride R. Wash the organic
layer with 5 niL of 1M sodium hydroxide and 2 quantities,
each of 5 ml., of waterR. Dry over anhydrous sodium
sulfate R.

Plate TLC silica gelFZ54 plateR.

Mobilephase butanolR saturated with waterR, toluene R,
etherR (5:10:85 VIVIV).

Application 5 j.lL of test solution (a) and reference
solution (a), 10 j.lL of test solution (b) and reference
solution (b), applying the latter 2 in small quantities in order
to obtain small spots.

Development Over 3/4 of the plate.

Drying In air.

Detection A Examine in ultraviolet light at 254 nm.

Results A The principal spot in each of the chromatograms
obtained with the test solutions is similar in position and size
to the principal spot in the chromatogram obtained with the
corresponding reference solution.

Detection B Spray with alcoholic solution of sulfuric acidRand
heat at 120°C for 15 min. Allow to cool. Examine in
daylight and in ultraviolet light at 365 nm.

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 nm and
size to the principal spot in the chromatogram obtained with
the corresponding reference solution. The principal spot in
each of the chromatograms obtained with test solution (b)
and reference solution (b) have an Rp value distinctly higher
than that of the principal spot in each of the chromatograms
obtained with 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 intense red colour develops. When
examined in ultraviolet light at 365 nm, brownish-red
fluorescence is seen. Add this solution to 10 mL of waterR
and mix. The colour fades and there is a yellowish-green
fluorescence in ultraviolet light at 365 run.

TESTS
Specific optical rotation (2.2.7)
+ 97.0 to + 103.0 (dried substance).

Dissolve 0.250 g in ethanol (96 per cent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Tune
(min)

0-14

14- 30

Mobile phase A
(per cent Vfl')

83

83 - 52

Mobile phase B
(per cent Vfl')

17

17 - 48
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o

C. 11~-hydroxy-6CJ.-methylandrosta-1,4-diene-3,17-dione,

and (Z)-isomer

OH

"

H CHs

o

D. (EZ)-11 ~,20-dihydroxy-6CJ.-methylpregna-1 ,4, 17(20)
triene-3,21-dione,

o
H CHs

E. 11~-hydroxy-6CJ.-methyl-3-oxoandrosta-I,4-diene-17~

carboxylic acid,

F. II~,17,21-trihydroxy-6CJ.-methylpregn-4"ene-3,20-dione,

- impurities B~ H: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with 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 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)
(2.0 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 1.0 per cent, determined on 0.500 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 and reference solution (c).

Calculate the percentage content of C22H300S taking into
account the assigned content of methylprednisolone CRS.

STORAGE
Protected from light, at a temperature of 2 °C to 8°C.

IMPURITIES
Specified impurities A~ B, C~ D, E, F, G, H~ 1.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby thegeneral 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 for pharmaceutical use) J~ K, L.

o
o

A. 17,21-dihydroxy-6CJ.-methylpregna-l,4-diene-3,11,20
trione,

G. 17,21-dihydroxy-6CJ.-methylpregna-I,4,9(11)-triene-3,20
dione,

o

B. 11B, 17,21,21-tetrahydroxy-6a.-methylpregna-l,4-diene
3,20-dione,

o

H. II~,17,21-trihydroxy-6~-methylpregna-l,4-diene-3,20
dione,

1. unknown structure,
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Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent V/JI)

0-15 95 5

15 - 25 95 -> 50 5 -> 50

25 - 28 50 50

Flow rate 1.5 mLlmin.

Detection Spectrophotometer at 254 nm.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison .methylprednisolone acetate CRS.
ITthe spectra obtained in the solid state show differences,
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 time and size to
the principal peak in 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 cent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).
Buffersolution Mix 20 mL of a 103 gIL solution of
hydrochloric acidR, 50 mL of a 68 gIL solution of sodium
acetate R and 150 mL of a 37.3 gIL solution of potassium
chloride R and dilute to 1.0 L with waterR.
Solventmixture acetonitrile R, buffer solution (50:50 VIV).
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.

Testsolution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with the solvent mixture.

Reference solution-(a) Dissolve 5 mg of methylprednisolone
acetate for system suitability CRS (containing impurities E, G
and D in the solvent mixture 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 the solvent mixture.

Reference solution (c) Dissolve the contents of a vial of
methylprednisolone acetate forpeak identification CRS
(impurities A and K) in 1.0 mL of the solvent mixture.

Reference solution (d) Dissolve 20.0 mg of methylprednisolone
acetate CRS in the solvent mixture and dilute to 20.0 mL
with the solvent mixture. Dilute 1.0 mL of the solution to
10.0mL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3.5 urn);
- temperature: 40 "C.
Mobz7e phase:
- mobile phase A: acetonitrile R, waterfor chromatography R

(28:72 VIV);
- mobile phaseB: acetonitrile R;

53-36-1416.5

(Ph. Bur. monograph 0933)

Action and use
Glucocorticoid.

Preparation
Methylprednisolone Acetate Injection

DEFINITION
11~,17-Dihydroxy-6cr-methyl-3,20-dioxopregna-l ,4-dien-21
yl acetate.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in acetone
and in ethanol (96 per cent).

It shows polymorphism (5.9).

K. 11~,17,21-trihydroxypregna-l,4-diene-3,20-dione

(prednisolone),

Methylprednisolone Acetate

L. 11~,17-dihydroxy-ec-methylpregna-I,4-diene-3,20-dione.
____________________ PhEur

J. 11~, 17-dihydroxy-6cx.-methyl-3,20-dioxopregna-l ,4-dien
21-yl acetate (methylprednisolone acetate),
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D. 11~-hydroxy-6ct-methylpregna-l ,4-diene-3,20,2I-trlone,

and epimer at C*

o

o

A. (20RS)-II~,17,20-trihydroxy-6ct-methyl-3-oxopregna-I,4
dien-21-yl acetate,

o

B. us,17,21-trihydroxy-6ct-methylpregna-I,4-diene-3,20
dione (methylprednisolone),

C. 11f3, 17-dihydroxy-6ct-methylpregna-l,4-diene
3,20,21-trlone,

Injection 20 ~ of test solution (a) and reference
solutions (a), (b) and (c).

Identification of impurities Use the chromatogram supplied
with methylprednisolone acetate for system suitability CRS and
the chromatogram obtained with reference solution (a) to
identify the peaks due to impurities E, G and J; use the
chromatogram supplied with methylprednisolone acetate for
peak identification CRS and the chromatogram obtained with
reference solution (c) to identify the peaks due to
impurities A and K.

Relative 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 1.1;
impurity K = about 1.2.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 3.0, 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 to
methylprednisolone acetate.

Calculation of percentage contents:
- for each impurity, use the concentration of

methylprednisolone acetate in reference solution (b).

Limits:
- impurityJ: maximum 0.3 per cent;
- impurities A~ G: for each impurity, maximum 0.2 per cent;
- impurities E~ K:. for each impurity, 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 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.

Mobilephase acetonitrile R, waterfor chromatography R
(32:68 VIV)o

Injection Test solution (b) and reference solution (d).

Run time 1.5 times the retention time of
methylprednisolone acetate.

Retentiontime Methylprednisolone acetate =about 15 min.

Calculate the percentage content of C24H3206 taking into
account the assigned content of methylprednisolone
acetate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ E, G, J, K

Other detectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimited by thegeneral 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 for pharmaceutical use) B, C, D, F, H, 1.

E. 11~, 17-dihydroxy-3,20-dioxopregna-l,4-dien-2I-yl acetate
(prednisolone acetate),

o

F. 6ct-methyl-3,11,20-trloxopregna-l,4-dien-21-yl acetate,
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G. 11B,17-dihydroxy-6et-methyl-3,20-dioxopregn-4-en-21-yl
acetate,

and(Z)-isomer

2921-57-5474.5

Action and use
Glucocorticoid.

o

o 0

CH3 oJ
--OH ~

COzH

(ph. Bur. monograph 1131)

Methylprednisolone Hydrogen
Succinate

o

o

PhEur _

o

____________________ PhEur

DEFINITION
4-[(lIB,17-Dihydroxy-6et-methyl-3,20-dioxopregna-l,4-dien
21-yl)oxy]-4-oxobutanoic acid.

Content
97.5 per cent to 102.0 per cent (dried substance).

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 methylprednisolone hydrogen succinate 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 obtained with
reference solution (e).

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.100 gin 5 mL of sodium hydrogen carbonate
solution R.

Specific optical rotation (2.2.7)
+ 97 to + 104 (dried substance).

Dissolve 0.250 g in ethanol (96 per cent) 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 1 mL of tetrahydrofuran R and dilute to 20.0 mL
with the mobile phase.

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with the mobile phase.

Reference solution (a) Dissolve 5 mg of methylprednisolone
hydrogen succinate forperformance testCRS (containing
impurity D) in 0.25 mL of tetrahydrofuran R and dilute to
5.0 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL oftest 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.

K. 17-hydroxy-6et-methyl-3,11,20-trioxopregna-l,4-dien-21-yl
acetate.

o

H.{EZ)-11 B-hydroxy-6et-methyl-3-oxopregna-l,4,17(20)
trien-21-yl acetate,

J. 11B,17-dihydroxy-Sjl-methyl-3,20-dioxopregna-l,4-dien
21-yl acetate,

1. 11~,17-dihydroxy-6et-methylpregna-l,4-diene-3,20-dione,
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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 methylprednisolone 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 1 mL of tetrahydrofuran R and
dilute to 20.0 mL with the mobile phase. Dilute 1.0 mL of
the solution to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationaryphase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 um),

Mobilephase glacialacetic acid R~ acetonitrile R, waterR
(2:31:67 V/V/Ji').

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 nm.

Injection 20 ~ of test solution (a) and reference
solutions (a), (b), (c) and (d),

Run time Twice the retention time of methylprednisolone
hydrogen succinate.

Identification of impurities Use the chromatogram supplied
with methylprednisolone hydrogen succinate for performance
test 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 for peak 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) to identify the peak due to impurity A.

Relative retention With reference to methylprednisolone
hydrogen succinate (retention time =about 21 min):
impurity A = about 0.5; impurity F = about 0.9;
impurity D = about 1.1.
System suitabil£ty Reference solution (a):
- peak-to-valley ratio: minimum 4, 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
curve separating this peak from the peak due to
methylprednisolone hydrogen succinate.

Calculation of percentage contents:
- for each impurity, use the concentration of

methylprednisolone hydrogen succinate in reference
solution (b).

Limits:
- impurity A: maximum 0.3 per cent;
- impurity F: maximum 0.2 per cent;
- impurity D: 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.

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 test for
related substances with the following modification.

Injection Test solution (b) and reference solution (e).

2020

Calculate the percentage content of C26H340S taking into
account the assigned content of methylprednisolone hydrogen
succinate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, D, F.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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) B, C, E, G.

A. 11~,17,21-trihydroxy-6cx.-methylpregna-1,4-diene-3,20
dione (methylprednisolone),

B. 4-[(ll~,21-dihydroxy-6cx.-methyl-3,20-dioxopregna-1,4

dien-17-yl)oxy]-4-oxobutanoic acid (methylprednisolone
17-(hydrogen succinatej),

C. 11~,17-dihydroxy-6cx.-methyl-3,20-dioxopregna-1,4-dien
21-yl acetate (methylprednisolone acetate),

D. 4- [(11~,17-dihydroxy-6cx.-methyl-3,20-dioxopregn-4-en
21-yl)oxy]-4-oxobutanoic acid (methylhydrocortisone
21-(hydrogen succinate)),
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F. 4-[(II~,17-dihydroxy-6~-methyl-3,20-dioxopregna-1,4

dien-21-yl)oxy]-4-oxobutanoic acid,

E. 4-[(II~,17-dihydroxy-3,20-dioxopregna-1,4-dien-21-yl)

oxy]-4-oxobutanoic acid,

TESTS
Appearance
The substance to be examined is clear (2.2.1) and colourless
(2.2.2, MethiJd II).

Alkalinity
Dissolve 50 mL of the substance to be examined in 50 mL
of waterR previously adjusted with 0.02 M potassium
hydroxide or O. 02M hydrochloric aciduntil a yellow colour is
obtained using 0.5 mL of bromothymol blue solution R1 as
indicator. Titrate with 0.02 M hydrochloric acid to the initial
coloration. Not more than 8.0 mL of 0.02 M hydrochloric acid
is required.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Testsolution The substance to be examined.

Reference solution To 1 mL of the substance to be examined,
add 1 mL of 2-pyrrolidone R and dilute to 20 mL with
methylene chloride R.
Column:
- material: fused silica,
- size: l = 30 m, 0 = 0.32 mm,
- stationary phase: poly(dimethyl)siloxane R (5 urn).

Carrier gas nitrogen for chromatography R.
Linearvelocity 20 cm/s.

Split ratio 1:100.

Temperature:

°

°

G. 11~,17-dihydroxy-6ct-methylpregna-1,4-diene-3,20-dione.
____________________ PhEur

Methylpyrrolidone

Column

Injection port

Detector

Time
(min)

o
0-23.3

23.3 - 53

Temperature
CC)
100

100 -> 170
170

280

280

PhEur ~ _

Detection Flame ionisation.

Injection 1 ilL.
System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

N-methylpyrrolidone and impurity G.

Limits:
- any impurity: maximum 0.1 per cent,
- total: 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

B. dihydrofuran-2(3H)-one (y-butyrolactone),

(yo
A. methanamine (methylamine),

872-50-499.1

(N-Methylpyrrolidone, Ph. Bur. monograph 1675)

DEFINITION
I-Methylpyrrolidin-2-one.

CHARACTERS
Appearance
Clear, colourless liquid.

Solubility
Miscible with water and with 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. Bur. reference spectrum of N-methylpyrrolidone.
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__-->- ......,- PhEur

PhEur _

p-rosaniliniwn chloride). It is also known as crystal violet or
gentian violet, -

Content
95.0 per cent to 103.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Dark green, shiny powder, hygroscopic.

Solubility
Sparingly soluble in water, freely soluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
First identification: A.
Secondidentification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylrosanilinium 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 the same
solvent.

Reference solution Dissolve 10 mg of methylrosanilinium
chloride CRS in methanol R and dilute to 10 mL with the
same solvent.

Plate TLC silica gelG plate R.

Mobilephase glacial acetic acidR, waterR, butanol R
(17:17:66 V/V/V).

Application 2 J,tL.
Development 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 obtained with the
reference solution. In the chromatogram obtained with the
test solution, a secondary spot may be observed.

C. Dissolve 50 mg in waterR and dilute to 5 mL with the
same solvent; add 3 mL of dilute sulfuric acidR, 1 g of zinc
powderR and heat gently. The mixture decolourises. Filter.
To 3 mL of the filtrate add 0.5 mL of silver nitrate
solution Rl. A white turbidity is produced which slowly forms
a dark, coagulating precipitate.

TESTS
N,N-Dimethylaniline (2.4.26, MethodA)
Maximwn 100 ppm.

Test solution Dissolve in a ground-glass-stoppered tube
·0.50 g of the substance to be examined in 30.0 mL of
waterR. Add 1.0 mL of the internal standard solution.
Adjust the solution to 26-28 "C. Add 1.0 mL of strong sodium
hydroxide solution R and mix for 2 min. Add 2.0 mL of
trimethylpentane R. Shake for 2 min and centrifuge. Use the
upper layer.

Reference solution Dissolve 50.0 mg of N,N-dimethylaniline R
in 4.0 mL of 0.1 M hydrochloric acidand dilute to 50.0 mL
with waterR. Dilute 1.0 mL of this solution to 100.0 mL
with waterR. To 0.50 g of the substance to be examined add
5.0 mL of this solution and dilute to 30.0 mL with waterR.
Add 1.0 mL of the internal standard solution and 1.0 mL of
strong sodium hydroxide solution R. Add 2.0 mL of
trimethylpentane R. Shake for 2 min and centrifuge. Use the
upper layer.

548-62-9

and enantiomer

408.0

?H3

H}Y°
H3C

E. (5RS)-1,5-dimethylpyrrolidin-2-one,

HO~OH

c. (3RS)-1 ,3-dimethylpyrrolidin-2-one,

CH3H I

H3C-..vNyOu and enantiomer

?H3

aN ° and enantiomer

... H
'CH3

D. (4RS)-1 ,4-dimethylpyrrolidin-2-one,

G. pyrrolidin-2-one (2-pyrrolidone),

H

(yo
F. butane-l,4-diol,

H. I-methylpyrrolidine-2,5-dione (N-methylsuccinimide),

H OH
~OH and enantiomer

H3C

(Ph. Eur. monograph 1990)

Action and use
Antiseptic dye (gentian violet).

Methylrosanilinium Chloride

I. (RS)-propane-l,2-diol (propylene glycol).

DEFINITION
4-[Bis [4-(dimethylamino)phenyl]methylidene] -N,N
dimethylcyclohexa-2,5-dien-l-iminium chloride (hexamethyl-
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PhEur _

(ph. Bur. monograph 0410)

58-18-4302.5

~
. CH3 ~~CH3

CH
3

H .. _

H H
o ~

..... NH
H3C

Action and use
Anabolic steroid.

DEFINITION
17~-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.

Solubility
Practically insoluble in water, freely soluble in ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison methyltestosterone CRS.

Methyltestosterone

Sulfated ash (2.4.14)
Maximum 1.5 per cent, determined on 1.0 g.

ASSAY
Dissolve 50.0 mg in ethanol (96 percent) R and dilute to
100.0 mL with the same solvent. Dilute 2.0 mL of the
solution to 250.0 mL with ethanol (96 percent) R. Measure
the absorbance (2.2.25) at the maximum at 589 nm.

Calculate the content of 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-dimethylcyc1ohexa-2,5-dien-1-iminium.

____________________ PhEur

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 obtained with the
reference solution; from the chromatogram obtained with
the test solution, calculate the ratio 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 per cent) R and dilute to 100.0 mL
with the same solvent.

Reference solution (a) Dissolve 3 mg of methylrosanilinium for
system suitability CRS (containing impurities A.and B) in
ethanol (96 per cent) R and dilute to 10.0 mL with the same
solvent.

Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with ethanol (96 per cent) R. Dilute 1.0 mL of this
solution to 100.0 mL with ethanol (96 per cent) R.
Column:
- size: l =0.25 m,'0 =4.6 mm,
- stationary phase: spherical base-deaaiuated end-capped

octylsilyl silica gelfor chromatography R (5 um).

Mobilephase glacial acetic acidR, waterfor chromatography R,
methanol R (10:190:800 V/V/V).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 589 nm.

Injection 20~.

Run time 2.5 times the retention time of
methylrosanilinium.

Identification of impurities Use the chromatogram supplied
with methylrosanilinium for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A and B.

Relatiue retention With reference to methylrosanilinium
(retention time = about 23 min): impurity A = about 0.71;
impurity B = about 0.85.

System suitabzlity Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurityB and methylrosanilinium.

Limits:
- impurity B: maximum 10.0 per cent;
- impurity A: maximum 1.0 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- sum of impurities other than A and B: maximum

1.0 per cent;
- 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 VIl')
Maximum 0.5 per cent.

In a conical flask introduce 1.0 g and add 50 mL of ethanol
(90 percentV/V) R. Boil under a reflux condenser for 1 h.
Filter the warm liquid through a weighed sintered glass
filter (16) (2.1.2) previously dried at 100-105 °C. Wash with
hot ethanol (90 per cent V/V; 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.
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TESTS
Specific optical rotation (2.2.7)
+ 79 to + 85 (dried substance).

Dissolve 0.250 g in ethanol (96 per cent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50 mg of the substance to be
examined in methanol R and dilute to 100.0 mL with the
same solvent.

Reference solution (a) Dilute 0.5 mL of the test solution to
100.0 mL with methanol R.
Reference solution (b) Dissolve 5 mg of methyltestosterone for
system suitabz7ity CRS (containing impurity A) in methanol R
and dilute to 10 mL with the same solvent.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobilephase:
- mobile phaseA: waterR;
- mobile phaseB: methanol R;

--- PhEur

A. 17ct-hydroxy-17-methylandrost-4-en-3-one.

**** ** *
*****Methylthioninium Chloride

(Ph. Bur. monograph 1132)

Methylthioninium Chloride Hydrate

(96 per cent) R. Measure the absorbance (2.2.25) at the
absorption maximum at 241 nm.

Calculate the content of C2oH3002 taking the specific
absorbance to be 540.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Mobile phase B
(per cent VIJI)

Mobile phase A
(per cent VIJI)

Time
(min)

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 20 J,tL.
Identification of impurities Use the chromatogram supplied
with methyltestosterone for system suitabz7ity CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity A.

Relativeretention With reference to methyltestosterone
(retention time =about 8 min): impurity A = about 1.5.

System suitability Reference solution (b):
- resolution: minimum 5 between the peaks due to

methyltestosterone and impurity A.

Limits:
- impurityA: not more than the area of the principal 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 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)
(1.0 per cent);

- 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 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 per cent) 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 per cent) R. Dilute
10.0 mL of this solution to 100.0 mL with ethanol

PhEur _

Action and use
Reducing agent; antidote to methaemoglobinaemia.

Preparation
Methylthioninium Injection

122965-43-9C16HlSC1N3S,xH20 319.9
(anhydroussubstance)

DEFINITION
3,7-Bis(dimethylamino)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
Dark blue or dark green, hygroscopic, crystalline powder with
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 carbonate R.
Cool and dissolve the residue in 10 mL of dilute nitric acidR.
Filter. The filtrate, without further addition of dilute nitric
acidR, gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, mobile phase A (30:70 VIV).

70

70 -+ 100

100

30

30 -+ 0

o

0-15

15 - 45

45 - 50
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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. Sonicate for 5 min.

Reference solution (a) Dissolve 50.0 mg of methylthioninium
chloride CRS in the solvent mixture and dilute to 50.0 mL
with the solvent mixture. 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 suitability CRS (containing impurity A) in the solvent
mixture and dilute to 10 mL with the solvent mixture.

Reference solution (d) Dilute 1.0 mL of reference
solution (b) to 10.0 mL with the solvent mixture.

Column:
- size: 1= 0.10 m, (2) = 4.6 mm;
- stationary phase: end-capped ethylene-bridged phenylsilyl silica

gelfor chromatography (hybridmaterial) R (3.5 urn);
- temperatu~e: 30°C.

Mobilephase:
- mobile phaseA: 0.1 per cent V/V solution of trifiuoroacetic

acid R;
- mobile phaseB: acetonitrile for chromatography R;

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 246 nm.
Injection 5 ~ of the test solution and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with methylthioninium for system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity A.

Relative retention With reference to methylthioninium
(retention time =about 11 min): impurity A =about 0.8.

System suitabzlity 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 methylthioninium

chloride hydrate in reference solution (b);
- for impurities other than A, use the concentration of

methylthioninium chloride hydrate in reference
solution (d).

Limits:
- impurityA: maximum 5.0 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- sum of impurities other thanA: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Elemental impurities
Any method that fulfils the requirements of general chapter
2.4.20. Determination of elemental impurities may be used.

B. 3-amino-7-(dimethylamino)phenothiazin-5-ylium
(azure A),

100
1

100
300
200

10

10

1

10

10
10

100

MaxiInum content (ppm)Element

Aluminium

Cadmium

Chromium

Copper

Iron

Lead

Manganese

Mercury

Molybdenum

Nickel

Tin

Zinc

D Nn~ ~ I ~
H3C.... ~ ::::,. + ~ ...CH3

N S N
H I

CH3

A. 3-(dimethylamino)-7-(methylamino)phenothiazin-5-ylium
(azure B),

Loss on drying (2.2.32)
8.0 per cent to 24.0 per cent, determined on 1.000 g by
drying in an oven at 105°C for 5 h.

Sulfated ash (2.4.14)
Maximum 0.25 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 solution and reference solution (a).

System suitability Reference solution (a):
- symmetry factor. maximum 3.0 for the principal peak.

Calculate the percentage content of C1JIISCIN3S taking into
account the assigned content- of methylthioninium
chloride CRS.

STORAGE
In an airtight container, protected from light, at a
temperature not exceeding 30 DC.
IMPURITIES-··

Specified impurities A.

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
criterion for other/unspecified impurities and/or 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) B, C.

20

20 -70
70

Mobile phase B
(per cent VIJI)

80

80 - 30

30

Mobile phase A
(per cent VIJI)

0-5

5 - 25

25- 32

':Time"
(min)

C. 3-amino-7-(methylamino)phenothiazin-5-ylium (azure C).
_____________________ PhElJr
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Metipranolol

Me H OH

MeYyO~NHP~

ACOAyJ
Me

DEFINITION
Metipranolol is (RS)-4-(2-hydroxy-3
isopropylaminopropoxy)-2,3,6-trimethylphenyl acetate.
It contains not less than 99.0% and not more than 101.0%
of C17H27N04, calculated with reference to the anhydrous
substance.

The test is not valid unless, in the chromatogram obtained
with solution (4), the resolution factor between the two'
principal peaks is at least 5.

In the chromatogram obtained with solution (1) the area of
any peak corresponding to desacetylmetipranolol is not
greater than the area of the principal peak in the
chromatogram obtained with solution (3) (1%) and the sum
of the areas of any secondary peaks is not greater than the area
of the principal peak in the chromatogram obtained with
solution (2) (0.5%).

Sulfated ash
Not more than 0.1%, Appendix IX A. Use 2 g.

Water
Not more than 0.5% w/w, Appendix IX C. Use 1 g.

ASSAY
Carry out Method I for non-aqueous titration,
Appendix VIII A, using 0.3 g and determining the end point
potentiometrically. Each mL of O.lM perchloric acid VS is
equivalent to 30.94 mg of C17H27N04.

STORAGE
Metipranolol should be protected from light.

IMPURITIES

22664-55-7309.4

Action and use
Beta-adrenoceptor antagonist.

Preparation
Metipranolol Eye Drops

and enantiomer

PhEur _

A. desacetylmetipranolol

(ph. Eur. monograph 1347)

7081-40-5

and enantiomer • He, • H20

363.9

Metixene Hydrochloride

Me OH

Me~O~NHP~

HO~
Me

Action and use
Anticholinergic.

CHARACTERS
A white or almost white, crystalline or fine crystalline
powder, soluble in water, soluble in alcohol and in methylene
chloride.

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]piperidine
hydrochloride, calculated with reference to the dried
substance.

CHARACTERISTICS
A white, crystalline powder; melting point, about 108°.

Practically insoluble in water; soluble in ethanol (96%);, in
acetone and in methanol. It dissolves in dilute mineral acids.

IDENTIFICATION
The infrared absorption spectrum, Appendix II A, is concordant
with the reference spectrum of metipranolol (RS 375).

TESTS
Alkalinity
Shake 0.5 g with 20 mL of waterfor 5 minutes and filter.
The pH of the filtrate is 9.0 to 10.0, Appendix V L.

Colour of solution
A 5.0% w/v solutionin 1M hydrochloric acidis not more
intensely coloured than reference solution Y6' Appendix N B.

Iron
Dissolve the residue obtained in the test for Sulfated ash in
1 mL of hydrochloric acid, evaporate to dryness, dissolve the
residue in a mixture of 0.5 mL of 6M acetic acidand 7 mL of
waterand add sufficient water to produce 20 mL. 10 mL of

. this solution complies with the limit testfor iron, Appendix VII
(10 ppm).

Related substances
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions in methanol.
Solution (1) contains 0.10% w/v of the substance being
examined. Solution (2) contains 0.0005% w/v of the
substance being examined. Solution (3) contains 0.001% w/v
of desacetylmetipranolol BPCRS. Solution (4) contains
0.02% w/v of the substance being examined and 0.02% w/v
of desacetylmetipranolol BPCRS.
The chromatographic procedure may be carried out using
(a) a stainless steel column (15 em x 4.6 nun) packed with
end-capped octadecylsilyl silica gelfor chromatography (5 urn)
(Hypersil ODS is suitable), (b) as the mobile phase with a
flow rate of 2 mL per minute a mixture of 1 volume of
perchloric acid, 45 volumes of methanoland 54 volumes of
water, the pH of the mixture being adjusted to 3.0 with
13.5M ammonia and (c) a detection wavelength of 275 nm.
For solution (1) allow the chromatography to proceed for at
least 3 times the retention time of the principal peak.
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PhEur _

A. 9H-thioxanthene,

364-62-5299.8

Action and use
Dopamine receptor antagonist; antiemetic.

(Ph. Bur. monograph 1348)

%: 0

S -::?

~I

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
hydrochloric acidand 50 mL of alcohol 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 M sodium hydroxide is equivalent to 34.59 mg of
CzoHz4ClNS.

STORAGE
Store protected from light.

IMPURITIES

B. 9H-thioxanthen-9-one (thioxanthone).

Metoclopramide

DEFINITION
4-Amino-5-chloro-N-[2-(diethylamino)ethyl]-2
methoxybenzamide.

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

CHARACTERS
Appearance
White or almost white, fine powder.

Solubility
Practically insoluble in water, sparingly soluble or slightly
soluble in ethanol (96 per cent), slightly soluble in methylene
chloride.

It shows polymorphism (5.9).

_____=~-~....;..;,.,.----------PhEur

IDENTIFICATION
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with metixene
hydrochloride CRS.
B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
Dissolve 0.40 g in methanol R and dilute to 20.0 mL with the
same solvent. The solution is clear (2.2.1) and not more
intensely coloured than reference solution Y6 (2.2.2~

Method 1). ~

pH (2.2.3)
Dissolve 0.18 g in carbon dioxide-free water 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 gelplateR: Carryout the testrapidly and protected
from light." '

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)" Dissolve 5 mg of metixene
hydrochloride CRS in methylene chloride R and dilute to
100.0 mL with the same solvent.

Reference solution (b) Dissolve 20 mg of thioxanthene CRS in
50 mL of methylene chloride R. Dilute 1.0 mL of the solution
to 20.0 mL with methylene chloride R.
Reference solution (c) Dissolve 5 mg of thioxanthone CRS in
50 mL of methylene chloride R. Dilute 1.0 mL of the solution
to 20.0 mL with methylene chloride R.
Reference solution (d) Dilute 4 mL of reference solution (a)
to 10.0 mL with methylene chloride R.
Apply to the plate as narrow bands 5 ul, of each solution.
Develop over a path of 10 cm using a mixture of 10 volumes
of glacialacetic acidR, 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 alcohol R and heat at 100°C for
10 min. Allow the plate to cool and examine in ultraviolet
light at 365 nm. Thioxanthene shows orange fluorescence
and thioxanthone shows greenish-blue fluorescence.
Any band corresponding to thioxanthene in the
chromatogram obtained with the test solution is not more
intense than the band in 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 intense than 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 more intense than the band in the chromatogram
obtained with reference solution (a) (0.5 per cent) and at
most one such band is more intense than the band in the
chromatogram obtained with reference solution (d)
(0.2 per cent). The test is not valid unless the bands in the
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.
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IDENTIFICATION
First identification: A~ B.

Secondidentification: A., C.
A. Melting point (2.2.14): 145 DC to 149 -c,
B. Infrared absorption spectrophotometry (2.2.24).

Comparison metoclopramide CRS.

If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in the minimum.volume of methanolR~ evaporate
to dryness at room temperature then heat at 50 "C for about
1 h. Record new spectra using the residues.

C. Thin-layer chromatography (2.2.27) as described in the
test for impurity E with the following modifications.

Test solution Dissolve 40 mg of the substance to be
examined in methanolR and dilute to 10 mL with the same
solvent.

Reference solution Dissolve 20 mg of metoclopramide CRS in
methanolR and dilute to 5 mL with the same solvent.

Detection Examine in ultraviolet light at 254 nm then spray
with dimethylaminobenzaldehyde solution R1, allow to dry in air
and examine in daylight.

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.

2020

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobile phase A
(5:95 VIV). .

Test solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Reference solution (a) 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 metoclopramide
impurityA 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.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped ethylene-bridged octadecylsilyl

silica gelfor chromatography (hybrid material) R (3.5 urn);
- temperature: 37°C.

Mobz1e phase:
- mobile phaseA: 5 gIL solution of ammonium acetate R in

waterfor chromatography R adjusted to pH 7.0 with
ammonia R or acetic acidR;

- mobile phaseB: acetonitrile R;

Flow rate 0.9 mLlmin.

Detection Spectrophotometer at 275 nm.
Injection 5 ilL.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relative retention With reference to metoclopramide
(retention time =about 9 min): impurity A = about 0.9.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and metoclopramide.

Calculation of percentage contents:
- for each impurity, use the concentration of

metoclopramide 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 (2.2.32)
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 gin 50 mL of anhydrous acetic acidR and add
5 mL of acetic anhydride R. Titrate with O. 1 M perchloric acid,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 29.98 mg
of C14HzzClN30Z'

TESTS
Appearance of solution
The freshly prepared solution is clear (2.2.1) and not more
intensely coloured than reference solution Y6 (2.2.2~
Method II).

Dissolve 2.5 gin 25 mL ofa 103.0 gIL solution of
hydrochloric acid R.

Impurity E
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.160 g of the substance to be
examined in methanolR and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 20 mg of metoclopramide CRS
and 10 mg of sulpiride CRS in methanolR 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 methanol R and dilute to
50 mL with the same solvent. Dilute i rnlrof the solution to
25mL with methanolR. ..
Plate TLC silica gelFZ54 plate R.
Mobzle phase concentrated ammonia R, dioxanR~ methanol R,
methylene chloride R (2:10:14:90 VIVIVlV).

Application 10 ilL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with dimethylaminobenzaldehyde solution R1,
allow to dry in air and examine in daylight.

Retardation factors Impurity E =about 0.2;
metoclopramide = about 0.6.

System suitability Reference solution (a):
- the chromatogram shows 2 clearly separated spots.

Limit:
- impurityE: 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).

Time
(min)

0-1.5

1.5 - 16.5

Mobile phase A
(per cent VIP)

95

95 -+ 42.5

Mobile phase B
(per cent VIP)

5

5 -+ 57.5
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_____~ ----- PhEur

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

54143-57-6

Action and use
Dopamine receptor antagonist; antiemetic.

Preparations
Metoc1opramide Injection

Metoclopramide Oral Solution

Metoc1opramide Tablets

Metoclopramide Hydrochloride
Monohydrate
Metoc1opramide Hydrochloride

(ph. Bur. monograph 0674)

H. 4-acetamido-2-hydroxybenzoic acid.

A. 4-acetamido-5-chloro-N-[2-(diethylamino)ethyl]-2
methoxybenzamide,

oC1xi:'. 0 1J? I OCH3

Hb)lN ~ OCH
3 H 3

B. methyl 4-acetamido-5-chloro-2-methoxybenzoate,

IMPURITIES
Specified impurities E.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimited 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D, F, G, H.

PhEur _

C. 4-amino-5-chloro-2-methoxybenzoic acid,

D. methyI4-acetamido-2-methoxybenzoate,

E. N,N-diethylethane-l,2-diamine,

F. 4-amino-5-chloro-N-[2-(diethylamino)ethyl]-2
hydroxybenzamide,

Ci.2-(4-anaino-5-chloro-2-methoxybenzanaido)-N,N
diethylethan-1-amine N-oxide,

DEFINITION
4-~o-5-chloro-N-[2-(diethylamino)ethyU-2

methoxybenzamide hydrochloride monohydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or crystals.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent),
sparingly soluble in methylene chloride.

mp
About 183°C, with decomposition.

IDENTIFICATION
First identification: A, B, D.
Secondidentification: A, C, D, B.
A. pH (2.2.3): 4.5 to 6.0 for solution S (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison metoclopramide hydrochloride CRS.
C. Thin-layer chromatography (2.2.27) as described in the
test for impurity E with the following modifications.

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 Dissolve 20 mg of metoclopramide
hydrochloride CRS in methanol R and dilute to 5 mL with the
same solvent.

.Detection Examine in ultraviolet light at 254 nm then spray
with dimethylaminobenzaldehyde solution R1, allow to dry in air
and examine in daylight.
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A. 4-acetamido-5-chloro-N-[2-(diethylamino)ethyl]-2
methoxybenzamide,

Flow rate 0.9 mLlmin.

Detection Spectrophotometer at 275 nm.

Injection 5 JlL.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relativeretention With reference to metoc1opramide
(retention time = about 9 min): impurity A = about 0.9.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and metoc1opramide.

Calculation of percentage contents:
- for each impurity, use the concentration of

metoc1opramide 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.

Water (2.5.12)
4.5 per cent to 5.5 per cent, determined on 0.500 g.

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

ASSAY
Dissolve 0.250 g in a mixture of 5.0 mL of 0.01 M
hydrochloric acidand 50 mL of ethanol (96 per cent) 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 M sodium hydroxide is equivalent to 33.63 mg of
C

1
,Jfz3ClzN30 Z. . ,.,<.

STORAGE
Protected from light.

IMPURITIES
Specified impurities E.
Otherdetectable impurities (thefollowing substances uxndd, if
present at a sufficient leoel, 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 identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A~ B~ C~ DJ F~ G~ H.

- mobile phase B: acetonitrile R;

5

5 -+ 57.5

Mobile phase B
(per cent VJlI)

95

95 -+ 42.5

Mobile phase A
(per cent VJlI)

Time
(min)

0-1.5

1.5 - 16.5

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. Dilute 1 mL of solution S to 2 mL with waterR.
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 the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2~ Method II).

ImpurityE
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.40 g of the substance to be
examined in methanolR and dilute to 10 mL with the same
solvent.

Reference solution Dissolve 10 mg of ~N-diethylethane-l~2
diamine R (impurity E) in methanolR and dilute to 50 mL
with the same solvent.

Plate TLC silica gel F254 plate R.
Mobile phase concentrated ammonia R, dioxan R, methanol R,
methylene chloride R (2:10:14:90 V/V/V/V).

Application 5~.

Development Over 2/3 of the plate.

Drying In air.
Detection Spray with dimethylaminobenzaldehyde solution Rl,
allow to dry in air and examine in daylight.

Retardation factors Impurity E =about 0.2;
metoclopramide =about 0.6.

Limit:
- impurity 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 the reference solution (0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Solventmixture Mobile phase B, mobile phase A
(5:95 VIV)o

Testsolution Dissolve 24.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Reference solution (a) 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 metoclopramide
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.

Column:
- size: 1= 0.15 m, (2) = 4.6 mrn;
- stationary phase: end-capped ethylene-bridged octadecylsilyl

silica gelfor chromatography (hybridmaterial) R (3.5 urn);
- temperature: 37°C.

Mobz1e phase:
- mobile phaseA: 5 gIL solution of ammonium acetate R in

waterfor chromatography R adjusted to pH 7.0 with
ammonia R or acetic acidR;
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B. methyl 4-acetamido-S-chloro-2-methoxybenzoate,

C. 4-amino-S-cbloro-2-methoxybenzoic acid,

D. methyl 4-acetamido-2-methoxybenzoate,

E. N,N-diethylethane-l,2-diamine,

F. 4-amino-S-cbloro-N-[2-(diethylamino)ethyl]-2
hydroxybenzamide,

G. 2-(4-amino-S-chloro-2-methoxybenzamido)-N,N
diethylethan-l-amine N-oxide,

H. 4-acetamido-2-hydroxybenzoic acid.
____________________ PhEur

PhEur _

DEFINITION
(2RS)-7 -Chloro-2-methyl-3-(2-methylphenyl)-4-oxo-1,2,3,4
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 substance to be
examined in methanol R and dilute to 10.0 mL with the same
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 ofmetolazonefor
system suitability CRS (containing impurities A, B, C, D
and E) in 1 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 metolazone 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.

Column:
- size: I = 0.25 m, (2) = 4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 30 "C.

Mobile phase:
- mobile phaseA: 5.44 gIL solution of potassium dihydrogen

phosphate R;
- mobile phase B: methanol R;

365.8

(Ph. Bur. monograph 1757)

Metolazone
Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-5 70 30

5 - 25 70 -> 50 30 -> 50

25 - 35 50 50

35 - 38 50 -> 70 50 -> 30

38 - 48 70 30

Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 230 nm.

Injection 10 ul, of test solution (a) and reference
solutions (a) and (b).

and enantiomer .

Action and use
Thiazide-like diuretic.
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H .pH H

or
O~N CH3

I Y and enantiomer
~ C~

Metoprolol Tartrate
(ph. Bur. monograph 1028)

F. (2RS)-I- [( l-methylethyl)amino] -3-phenoxypropan-2-01,

~OH

HO~

G. 2-(4-hydroxyphenyl)ethanol,

PhEur _

DEFINITION
Bis [(2RS)-I-[4-(2-methoxyethyl)phenoxy]-3-[(1
methylethyl)amino]propan-2-01] (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.

Solubility
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 tartrate CRS.
If the spectra obtained in the solid state show differences,
record further spectra using discs prepared by placing 25 J.tL
of a 100 gIL solution in methylene 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 water R and dilute to
25.0 mL with the same solvent.

Appe~ceofsmution

Solution S is clear (2.2.1) and not more intensely coloured
than reference solution s, (2.2.2, MethodII).

pH (2.2.3)
6.0 to 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 chromatography (2.2.27).

Test solution Dissolve 0.50 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

56392-17-7685

Action and use
Beta-adrenoceptor antagonist.

Preparations
Metoprolol Injection

Metoprolol Oral Suspension

Metoprolol Tartrate Prolonged-release Tablets

Metoprolol Tartrate Tablets
H pH H pH H

~O~O~NyCH3

HCO~ its epimer at C* and CH3

3 their enantiomers

H3CyCH3
H OH HO H

~ O~N~O ~

Hco~ and enantiorner ~OCH3
3 and epimer at C*

H.pH H

~
L7 0 \./ NyCH3
r ~ and enantiomer

~ I CH
HO ~ 3

H pH H
HO~NyCH3

and enantiomer
CHa

O. mixture of the 3 stereoisomers of 1,1 '- [(l-methylethyl)
imino]bis [3-[4-(2-methoxyethyl)phenoxy]propan-2-01].

M.l,3-bis [(I-methylethyl)amino] propan-2-01,

H. (2RS)-I-[4-(2-hydroxyethyl)phenoxy]-3-[(I
methylethyl) amino[propan-z-ol,

N. (2RS)-3-[(I-methylethyl)amino]propane-l,2-diol,

J. mixture of the 4 stereoisomers of 1-[2-hydroxy-3-[(1
methylethyl) amino]propoxy] -3- [4-(2-methoxyethyl)
phenoxyjpropan-2-01,

____________________ PhEur
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Reference solution (a) Dilute 1 mL of the test solution to
20 mL with methanolR. Dilute 5 mL of this solution to
50 mL with methanolR.

Reference solution (b) Dilute 4 mL of reference solution (a)
to 10 mL with methanolR.

Plate TLC silica gelplate R.

Mobzle phase Place 2 beakers, each containing 30 volumes
of concentrated ammonia R, at the bottom of a
chromatographic tank containing a mixture of 20 volumes of
methanolR and 80 volumes of ethyl acetate R.

Application 5~.

Development Over 2/3 of the plate in a tank saturated for at
least 1 h.

Drying' In air for at least 3 h.

Detection Expose the plate to iodine vapour for at least
15 h.
Limits:
- any impurity: any spot, apart from the principal spot, is

notmore intense than the spot in the chromatogram
obtained with reference solution (a) (0.5 per cent) and at
most, Lsuch spot is more intense than the spot in the
chromatogram obtained with reference solution (b)
(02-per cent);,,.

- disregard any spot'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 solution (a) Dissolve 1.5 mg of metoprolol
impurityA CRS and 2.5 mg of metoprolol tartrate CRS 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
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL with the mobile phase.

Column:
- size: l =0.15 m, 12) =3.9 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.lID).

Mobilephase Dissolve 3.9 g of ammonium acetate R in
810 mL of water R, add 2.0 mL of triethylamine R, 3.0 mL of
phosphoric acid R, 10.0 mL of glacial acetic acidRand
146 mL of acetonitrile R and mix.

Flow rate 1 mUmin.
Detection Spectrophotometer at 280 nm.

Injection 20 JlL.
Run time 3 times the retention time of metoprolol.

Relative retention With reference to metoprolol (retention
time = about 7 min): impurity H = about 0.3;
impurity C = about 0.4; impurity G =about 0.45;
impurity F = about 0.7; impurity A = about 0.8;
impurity J =about 1.4; impurity D =about 1.6;
impurity E = about 1.8; impurity B =about 2.

System suitability Reference solution (a):
...:- resolution: minimum 6.0 between the peaks due to

impurity A and metoprolol.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity C by 0.1;
- impurities A, B, C, D~ E~ F, G, H, J: for each impurity,

not more than 3 times the area of the principal peak in

Metoprolol Tartrate 11-299

the chromatogram obtained with reference solution (b)
(0.3 per cent); -

- unspecified impurities: for each impurity, not more than the
area ofthe 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); 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.

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 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 34.24 mg of
C3~56N2012'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G, n, J, M, N, O.

H pH H

~
O~N CH3

~ I <:> and enantiomer

H3CO ~

A. (2RS)-1-(ethylamino)-3-[4-(2-methoxyethyl)
phenoxy] propan-Z-ol,

B. 4-(2-methoxyethyl)phenol,

H pH H

D
o ,/ N

y
CH

3
r ~ and enantiomer

I CH
OHC ~ 3

C.4-[(2RS)-2-hydroxy-3-[(1-methylethyl)amino]
propoxy]benzaldehyde,

H OH

~I
O~OH

and enantiomer

'H3CO ~

D. (2RS)-3-[4-(2-methoxyethyl)phenoxy]propane-1,2-diol,

H pH H

cc::. O~N CH3I Y and enantiomer
~ CH
~ OCH

3
3

E. (2RS)-1-[2-(2-methoxyethyl)phenoxy]-3-[(1
methylethyljaminojpropan-z-ol,
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_________________-,--__ PhEur

G.2-(4-hydroxyphenyl)ethano1,

DEFINITION
Dimethyl (RS)-(2,2,2-trichloro-1-hydroxyethyl)phosphonate.

Content
98.0 per cent to 100.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

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

mp
76°C to 81 -c,
IDENTIFICATION
First identification: A, B.

Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison metrifonate CRS.
B. 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 metrifonate CRS in
methanol R and dilute to 10 mL with the same solvent.

Plate TLC silica gelplate R.
Mobile phase glacial acetic acidR, dioxan R, toluene R
(5:25:70 V/V/V).

Application 10 J-LL.
Development In an unsaturated tank over a path of 15 em.
Drying In air.

Detection Spray with a 50 gIL solution of 4-(4-nitrobenzyl)
pyridine R in acetone R and heat at 120 "C for 15 min; spray
the still-warm plate with a 100 gIL solution of tetraethylene
pentamine R in acetone Rand examine immediately.

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 20 mg in 1 mL of dilute sodium hydroxide
solution R. Add 1 mL of pyridine R. Shake and heat on a
water-bath for 2 min. A red colour develops in the upper
layer.

D. To 0.1 g add 0.5 mL of nitric acid R, 0.5 mL of a
500 gIL solution of ammoniumnitrate Rl and 0.1 mL of
strong hydrogen peroxide solution R. Heat on a water-bath for
10 min. Heat to boiling and add 1 mL of ammonium
molybdate solution R. A yellow colour is produced or a yellow
precipitate is formed.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method II).
Dissolve 5.0g in 20 mL of methanol R.

Acidity
Dissolve 2.5 g in carbon dioxide-free water R and dilute to
50 mL with the same solvent, Add 0.1 mL of methylred
solution R. Not more than 1.0 mL of 0.1 M sodium hydroxide
is required to change the colour of the indicator to yellow.

PhEur _

52-68-6257.4

H pH H
HO~N CHaY and enantiomer

CHa

H pH H pH H

. ~O~O~NyCHa
H ~ its epimer at C*and CHa

aCO their enantiomers

. ~OH

HO~

~C CH3

H PHIHO :H
O~N~O

~ *~
HCO~ andenantiomer ~OCH

3 and epimer at C* a

H pH H

~
O~NyCHaI and enantiomer

HO ~ CHa

H pH H

cr
O~N CHa

I Y and enantiomer
~ CHa

F. (2RS)-1-[(1-methylethyl)amino]-3-phenoxypropan-2-01,

II. (2RS)-1-[4-(2-hydroxyerllyl)phenoxy]-3-[(1
methylethyl) amino]propan-2-o1,

O. mixture of the 3 stereoisomers of 1,1'- [(1-methylethyl)
imino]bis [3-[4-(2-methoxyethyl)phenoxy]propan-2-01] .

M.1,3-bis[(l-methylethyl)amino]propan-2-01,

J. mixture of the 4 stereoisomers of 1-[2-hydroxy-3-[(l
methylethyl) amino]propoxy] -3- [4-(2-methoxyethyl)
phenoxy]propan-2-0~

Action and use
Anthelminthic.

(ph. Bur. monograph 1133)

Metrifonate

N. (2RS)-3-[(1-methylethyl)amino]propane-1,2-diol,
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Optical rotation (2.2.7)
-0.10° to + 0.10°.

Dissolve 0.1 g in ethanol (96 percent) R and dilute to
10.0 rnL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobile phase A
(10:90 VIV).

Test solution Dissolve 0.20 g of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution (a) .Use a freshly prepared solution. Dissolve
10.0 mg of desmethylmetrifonate CRS (impurity A) in the
solvent mixture and dilute to 20.0 mL with the solvent
mixture. Dilute 1.0 rnL of this solution to 5.0 rnL with the
solvent mixture.

Reference solution (b) Dissolve 0.10 g of dichlorvos R
(impurity B),in the solvent mixture and dilute to 50.0 rnL
with the solvent mixture. Dilute 1.0 mL of this solution to
50.0 mL with thesolvent mixture.

Reference solUtion ec) Dilute 1.0 rnL of the test solution to
10.0 rnL with the-solvent mixture. Dilute 5.0 rnL of this
solution to LOO.OrnL with the solvent mixture.

Reference solution (d) Use a freshly prepared solution. Mix
1.0 rnL of reference solution (a), 1.0 mL of reference
solution (b) and 0.025 rnL of the test solution.

Reference solution (e) Dilute 4.0 mL of the test solution to
100.0 rnL with the solvent mixture. Dilute 1.0 rnL of this
solution to 10.0 rnL with the solvent mixture;

Column:
- size: l = 0.25 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(10 urn);
- temperature: 40°C.

Mobz7e phase:
- mobile phaseA: 1.36 gIL solution of potassium dihydrogen

phosphate R, previously adjusted to pH 2.9 with phosphoric
acid R;

- mobile phaseB: acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-5 90 10

5 - 25 90 -+ 85 10 -+ 15

25 - end 85 -+ 45 15 -+ 55

Flow rate 1 mUmin.

Detection Spectrophotometer at 210 nm.

Injection 50 IlL.
Run time 3 times the retention time of metrifonate.

Elution order Impurity A, metrifonate, impurity B.

System suitability Reference solution (d):
- resolution: minimum 3.0 between the peaks due to

impurity A and metrifonate and minimum 4.5 between
the peaks due to metrifonate and impurity B.

Limits:
- impurityA: not more than the area of the principal peak

. in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- impurityB: not more than the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.2 per cent); .

Metrifonate 11-301

- any other impurity: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.5 per cent);

- sum of impurities other thanA and B: not more than twice
the area of the principal peak in the chromatogram
obtained with reference solution (c) (1 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (e)
(0.04 per cent).

Chlorides
Maximum 500 ppm.

Dissolve 5.00 gin 30 mL of ethanol (96 per cent) R and add a
mixture of 15 rnL of nitric acidR and 100 mL of water R.
Titrate with 0.01 M silver nitrate determining the end-point
potentiometrically (2.2.20), using a silver electrode.

1 J;IJ.L of 0.01 M silver nitrate is equivalent to 0.3546 mg of
Cl.

Water (2.5.12)
Maximum 0.3 per cent, determined on 3.000 g.

ASSAY
Dissolve 0.300 g in 30 mL of ethanol (96 per cent) R.
Add 10 mL of ethanolamine R and allow to stand for 1 h at
20-22 °C. Add a chilled mixture of 15 mL of nitric acidR
and 100 mL of waterR maintaining the temperature of the
mixture at 20-22 °C. Maintain at that temperature and titrate
with 0.1 M silvernitrate, determining the end-point
potentiometrically (2.2.20), using a silver electrode.

Calculate the percentage content of C4HsCh04P, taking into
account the content of chloride and using the following
expression:

Vp volume of silver nitrate used in the assay, in millilitres;
M p mass of substance used in the assay, in grams;
VCl volume of silver nitrate used in the test for chlorides, in

millilitres;
MCI mass of substance used in the test.,f?!:chlorides; in grams.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

A. methyl (RS)-(2,2,2-trichloro-1-hydroxyethyl)phosphonate
acid (desmethylmetrifonate),

B. 2,2-dichloroethenyl dimethyl phosphate (dichlorvos).
_____________________ PhEur
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PhEur _

C. 2-(4-nitro-lH-imidazol-l-yl)ethanol,

A. 2-methyl-4-nitroimidazole,

B. 4-nitroimidazole,

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
impurir;y 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, 0 = 4.6 rom,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.lIIl).

Mobile phase Mix 30 volumes of methanol Rand 70 volumes
of a 1.36 gIL solution of potassium dihydrogen phosphate R,
Flow rate 1 mIJmin.

Detection Spectrophotometer at 315 nm.

Injection 10 ~.
Run rime 3 times the retention time of metronidazole.

Relativeretention With reference to metronidazole (retention
time =about 7 min): impurity A = about 0.7.

System suitability Reference solution (b):
- resolution: minimum of 2.0 between the peaks due to

metronidazole and to impurity A.

Limits:
- arry 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 twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 per cent),

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtainedwith 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 105°C for 3 h.

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

ASSAY
Dissolve 0.150 gin 50 mL of anhydrous acetic 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 17.12 mg of
C~N303'

STORAGE
Protected from light.

IMPURITIES

443-48-1171.2

OzN

I'N~OH
N=(

CH3

Action and use
Imidazole antibacterial.

Preparations
Metronidazole Gel

Metronidazole Infusion

Metronidazole Suppositories

Metronidazole Tablets

DEFINITION
2-(2-Methyl-5-nitro-1H-imidazol-1-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
Firstidentification: C.

Second identification: A, B, D.
A. Melting point (2.2.14): 159 °C to 163 °C.

E. 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 O.lM hydrochloric 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 zinc powder R, 1 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 more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution GY 6 (2.2.2, Method II).
Dissolve 1.0 g in 1 M hydrochionc acidand dilute to 20 mL
with the same acid.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions protected
from light..

Testsolution Dissolve 0.05 g of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

(Ph. Bur. monograph 0675)

Metronidazole

www.webofpharma.com



2020 Metronidazole Benzoate 11-303

20

20 -+ 45

45

Mobile phase B
(per cent VIV)

80
80 -+ 55

55

Mobile phase A
(per cent VIV)

Time
(min)

0-5
5 - 15

15 - 40

Flow rate 1.0 mUmin.

Testsolution Dissolve 0.100 g in a 103 gIL solution of
hydrochloric acidR 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 nm.

Absorption maxima At 232 nm and 275 nm.

Specific absorbance at the absorption maximum at 232 nm
525 to 575.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison. Ph. Bur. reference spectrum of metronidazole
benzoate.

D. To about 10 mg add about 10 mg of zinc powderR, 1 mL
of waterRand 0.3 mL of hydrochloric acidR. Heat on a
water-bath for 5 min and cool. The solution gives the
reactionof primary aromatic amines (2.3.1).

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension IT(2.2.1) and not more intensely coloured than
reference solution GY3 (2.2.2, MethodII).
Dissolve 1.0 g in dimethylformamide R and dilute to 10 mL
with the same solvent.

Acidity
Dissolve 2.0 g in a mixture of 20 mL of dimethylformamide R
and 20 mL of waterR, 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 colour of the
indicator.

Related substances
Liquid chromatography (2.2.29).

Solventmixture Mobile phase B, mobile phase A
(45:55 VIV).

Testsolution Dissolve 0.100 g 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 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 solvent mixture and dilute to 50.0 mL with the solvent
mixture. Dilute 1.0 mL of the solution to 10.0 mL with the
solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: spherical di-isobutyloctadecylsilyl silica gel

for chromatography R (5 11m) with a specific surface area of
180 m2/g, a pore size of 8 nm and a carbon loading of
10 per cent.

Mobile phase:
- mobile phaseA: 1.5 gIL solution ofpotassium dihydrogen

phosphate R adjusted to pH 3.2 with phosphoric acidR;
- mobile phaseB: acetonitrile R;

13182-89-3275.3

PhEur _

DEFINITION
2-(2-Methyl-5-nitro-lH-imidazol-l-yl)ethyl benzoate.

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

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

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, soluble in acetone, slightly soluble in alcohol.

IDENTIFICATION
Firstidentification: 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).

G. 2-(2-methyl-5-nitro-lH-imidazol-l-yl)acetic acid.

D.2-(5-nitro-lH-imidazol-l-yl)ethanol,

Action and use
Imidazole antibacterial.

Preparation
Metronidazole Oral Suspension

F. 2-[2-(2-methyl-5-nitro-lH-imidazol-l-yl)ethoxy]ethanol,

E. 2-(2-methyl-4-nitro-lH-imidazol-l-yl)ethanol,

(Ph. Bur. monograph 0934)

Metronidazole Benzoate

____________________ PhEur
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54-36-4226.3

Metyrapone

CHARACTERISTICS
A white to light amber, crystalline powder.

Sparingly soluble in water; freely soluble in ethanol (96%).
It dissolves in dilute mineral acids.

Action and use
II-Beta-hydroxylase inhibitor; inhibition of the formation of
corticosteroids.

Preparation
Metyrapone Capsules

DEFINITION
Metyrapone is 2-methyl-I,2-di(3-pyridyl)-propan-l-one.
It contains not less than 97.0% and not more than 103.0%
of Cl~1~20, calculated with reference to the dried
substance.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with reference spectrum 1 of metyrapone (RS 230).

B. The light absorption, Appendix II B,in the range 230 to
350 nm of a 0.002% w/v solution in 0.1Mhydrochloric acid
exhibits a maximum only at 260 nm.The absorbance at
260 nm is about 1.0.

C. To 5 mL of a 1% w/v solution in 1Msulfuric 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
chromatography, Appendix ill A, using silica gel GF254 as the
coating substance and a mixture of 90 volumes of propan-Z«
01, 5 volumes of 13.5M ammonia and 5 volumes of wateras
the mobile phase. Apply separately to the plate 10 IlL of each
of two solutions of the substance being examined in
dichloromethane containing (1) 5.0% w/vand (2) 0.010% w/v.
After removal of the plate, allow it to dry in air and examine
under ultraviolet light (254 nm). Any secondary spotin the
chromatogram obtained with solution (1) is not more intense
than the spot in the chromatogram obtained with
solution (2).

Loss on drying
When dried over phosphorus pentoside at a pressure not
exceeding 0.7 kPa for 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 0.1 g in sufficient a.1Mhydrochloric acidto produce
100 mL. Dilute 5 mL to 50 mL with 0.1Mhydrochloric acid
and dilute 5 mL of this solution to 50 mL with O.lM

A. 2-(2-methyl-5-nitro-lH-imidazol-l-yl)ethanol
(metronidazole),

C. benzene carboxylic acid (benzoic acid).

B. 2-methyl-4-nitroimidazole,

Detection Spectrophotometer at 235 nm.

Injection 10 ~.

Relative retention With reference to metronidazole benzoate
(retention time =about 20 min): impurity B =about 0.17;
impurity A = about 0.20; impurity C = about 0.7.

Systemsuitabt1ity 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
obtained with reference solution (b) (0.1 per cent);

---'- any 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);

- 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: 0.1 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)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 gin 50 mL of anhydrous acetic 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 27.53 mg of
C13H13N304.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

____________________ PhEur
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PhEur _

hydrochloric acid. Measure the absorbance of the resulting
solution at the maximum at 260 nm, Appendix II B.
Calculate the content of C14Hl~20 taking 500 as the value
of A(l %, 1 em) at the maximum at 260 nm.

STORAGE
Metyrapone should be protected from light.

Testsolution Dissolve 0.500 g of the substance to be
examined in methanol R and dilute to 5.0 mL with the same
solvent.

Reference solution (a) Dissolve the contents of a vial of
medletine impurity D CRS in 4.0 mL of methanol R.
Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with methanol R.
Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 5.0 mL with methanol R.
Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 5.0 mL with reference solution (b).

Plate TLC silica gelplateR.
Mobile phase concentrated ammonia R, ethanol (96 per cent) R,
acetone R, toluene R (3:7:45:45 V/V/V/V).
Application 5 ul, of the test solution and reference
solutions (c) and (d).

Development Over a path of 10 em.

Drying In air.

Detection Spray with ninhydrin solution R3 and heat at
100-105 DC for 15 min or until the spots appear.

Systemsuitability The chromatogram obtained with
reference solution (d) shows 2 clearly separated spots.

Limit:
- impurity D: any spot corresponding to impurity D in the

chromatogram obtained withthe test solution is not more
intense than the spot in the chromatogram obtained with
reference solution (c) (0.1 per cent).

Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 0.200 g of the substance to be
examined inthe mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase.

Reference solution (b) Dissolve the contents of a vial of
mexiletine impurity C CRS in the mobile phase and transfer
the solution quantitatively to a volumetric flask containing
16.0 mg of 2~6-dimethylphenol R (impurity A). Dilute to
20.0 mL with the mobile phase. Mix 1.0 mL of this solution
with 2.0 mL of reference solution (a) and dilute the mixture
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 J.lII1).

Mobile phase Mix 65 volumes of methanol R2 and
3S volumes of a solution prepared as follows: dissolve 11.5 g
of anhydrous sodium acetate R in 500 mL of waterR, add
3.2 mL of glacial acetic acidR, mix and allow to cool; adjust
to pH 4.8 with glacial acetic acid R and dilute to 1000 mL
with waterR.

Flow rate 1.0 mLlmin.
Detection Spectrophotometer at 262 nm.

Injection 20 ilL.
Run time 5.5 times the retention time of mexiletine.

Relative retention With reference to mexiletine (retention
time = about 4 min): impurity C = about 0.7;
impurity A = about 1.8.

Systemsuitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity C andmexiletine.

5370-01-4215.7

(Ph. Bur. monograph 1029)

DEFINITION
(2RS)-1-(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
Freely soluble in water and in methanol, sparingly soluble in
methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mexiletine hydrochloride CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the 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
waterR. 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~

MethodII).
Dilute 5 mL of solution S to 10 mL with water R.

pH (2.2.3)
4.0 to 5.5 for solution S.

ImpurityD
Thin-layer chromatography (2.2.27).

Actior; and use
Class I antiarrhythmic.

Preparations
Mexiletine Capsules

Mexiletine Injection

Mexiletine Hydrochloride
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21535-47-7300.8

(Ph. Bur. monograph 0846)

Mianserin Hydrochloride

D. (2RS)-2-(2,6-dimethylphenoxy)propan-l-amine.

PhEur _

Action and use
Monoamine reuptake inhibitor; tetracyclic antidepressant.

Preparation
Mianserin Tablets

CH3

~O!("'NH2 and enantiorner

UH CH3
CH3

____________________ PhEur

DEFINITION
(14bRS)-2-Methyl-l,2,3,4,10,14b-hexahydrodibenzo[c.J]
pyrazino [1,2-a]azepine hydrochloride.
Content---- --------- -- ---

98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or crystals.

Solubility
Sparingly soluble in water and in methylene'chloride, slightly
soluble in ethanol (96 per cent).

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

Testsolution 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 waterR.
Spectral range 230-350 nm.
Absorption maximum At 279 nm.

Specific absorbance at the absorption maximum 64 to 72.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison mianserin hydrochloride 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 to be
examined in methylene chloride R and dilute to 5 mL with the
same solvent.C. 1,1'-[(3,3',5,5'-tetramethylbiphenyl-4,4'-diyl)

bisoxy]dipropan-2-amine,

A. 2,6-dimethylphenol,

Limits:
- impurityA: not more than 2.5 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (0.1 per cent);

- impurity C: not more than 20 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (b) (0.1 per cent);

- any otherimpurity: for each impurity, not more than
0.5 times the area of the peak due to mexiletine in the
chromatogram obtained with reference solution (b)
(0.1 per cent); -

- total: not more than 2.5 times the area of the peak due to
mexiletine in the chromatogram obtained with reference
solution (b) (0.5 per cent);

- disregard limit: 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 gin 50 mL of a mixture of equal volumes of
acetic anhydride R and anhydrous acetic acidR. Titrate
immediately with 0.1 M perchloric acid, determining the
end-point potentiometrically (2.2.20) and completing the
titration within 2 min.

1 mL of 0.11vf perchloric acid is equivalent to 21.57 mg
of CllH1SClNO.

IMPURITIES
Specified impurities A, C, D.

Other detectable 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 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) B.

B. 1-(2,6-dimethylphenoxy)propan-2-one,
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Reference solution (a) Dissolve 10 mg of mianserin
hydrochloride CRS in methylene chloride R and dilute to 5 mL
with the same solvent.

Reference solution (b) Dissolve 10 mg of mianserin
hydrochloride CRS and 10 mg of cyproheptadine
hydrochloride CRS in methylene chloride R and dilute to 5 mL
with the same solvent.

Plate TLC silica gel GF254 plateR.

Mobilephase diethylamine R, ether R, cyclohexane R
(5:20:75 V/V/V).

Application 2 J.IL.
Development Over 2/3 of the plate.

Detection Examine in ultraviolet light at 254 om.

System suitability Reference solution (b):
- the chromatogram shows 2 dearly 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. It gives reaction (a) of chlorides (2.3.1).

TESTS
pH (2.23)
4.0 to 5.5.

Dissolve 0.10 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Buffer solution pH 3.0 Dissolve 5.0 g of sodium
octanesulfonate R in toaterR and dilute to 350 mL with the
same solvent. Stir until complete dissolution. Adjust to
pH 3.0 with a mixture of 1 volume of phosphoric acidRand
3 volumes of waterR. Dilute to 400 mL with water R.
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 inL with the mobile phase.

Reference solution (b) Dissolve the contents of a vial of
mianserin for system suitabilz"ty CRS (containing impurities A,
D and E) in 1.0 mL of the mobile phase.

Reference solution (c) Dissolve 5.0 mg of mianserin
impurityB CRS 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.

Column:
- size: 1= 0.15 m, 0 =3.9 mID;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 JlII1).

Mobilephase Buffer solution pH 3.0, methanol R
(37:63 VIV)o

Flow rate 0.5 mUmin.
Detection Spectrophotometer at 250 nm.

Injection 10 J.IL.
Run time Twice the retention time of mianserin.

Identification of impurities Use the chromatogram supplied
with mianserin for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, D and E.

Mianserin Hydrochloride 11-307

Relativeretention 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 1.1.

System suitability Reference solution (b):
- peak-to-valley 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:
- correction 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;

- impurity B: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.3 per cent);

- impurities 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);

- 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
over diphosphorus pentoxide R at 65°C at a pressure not
exceeding 0.7 kPa for 3 h.

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 acid and 50 mL of ethanol (96 per cent) 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.

. 1mL of 0.1 M sodium hydroxide is equivalent to 30.08 mg of
C1sHz1CINz•

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, D, E.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities 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) C, F.
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22916-47-8

and enantiomer

416.1

CI

CI~
f"'Y'o~

CIAJ--C1 (~

Action and use
Antifungal azole.

Preparations
Miconazole Oromucosal Gel

Miconazole Eye Drops

Miconazole

Ph£ur _

DEFINITION
1-[(2RS)-2-(2,4-DicWorophenyl)-2-[[(2,4-dichlorophenyl)
methyl] oxy]ethyl]-IH-imidazole.

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

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very slightly soluble.in-water, freely soluble in methanol,
soluble in-ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A, B.
Second identification: CJ D.
A. Melting point (2.2.14): 83°C to 87 °e.-'

B. Infrared absorption spectrophotometry (2.2.24).

Comparison miconazole CRS.
e. Melting point (2.2.14).

Determination A Determine the melting point of the
substance to be examined.

ResultA 83°C to 87 -c,
Determination B Mix equal parts of the substance to be
examined and miconazole CRS, and determine the melting
point of the mixture.

ResultB The absolute difference between the melting point
of the mixture and the value obtained in determination 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 dilute nitric
acidR and filter. To 1 mL of the filtrate add 1 mL of
waterR. The solution gives reaction (a) of chlorides (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 Y6 (2.2.2J Method II).

. (ph. Bur. monograph 0935)

andenantiomer

and enantiomer

A. [2-[(2RS)-4-methyl-2-phenylpiperazin-l-yl]
phenyl]methanol,

e. (2-aminophenyl)methanol,

()8P and enantlomer

D. [2-[(2RS)-4-benzyl~2-phenylpiperazin-l-yl]phenyl]

methanol,

B. (14bRS)-2-methyl-l,2,3,4,10,14b-hexahydrodibenzo [cJ]
pyrazino [1,2-a]azepine-8-sulfonic acid,

E. (14bRS)-1,2,3,4,10,14b-hexahydrodibenzo[cJ]pyrazino
[1,2-a] azepine,

F. (14bRS)-2-benzyl-l,2,3,4,10,14b-hexahydrodibenzo [cJJ
pyrazino [1,2-a]azepine.

___________~ Ph£ur
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A. (IRS)-I-(2,4-dichlorophenyl)-2-(IH-imidazol-l-yl)ethan
1-01,

C. (2RS)-2-(2,4-dichlorophenyl)-2-[[(2,4-elichlorophenyl)
methyl] oxy]ethan-I-amine,

E. 2-[I-[(2RS)-2-(2,4-dichlorophenyl)-2-[[(2,4
dichlorophenyl) methyl] oxy]ethyl]-IH-imidazol-3-ium-3
yl]-2-methylpropanoate,

and enantiomer

and enantiomer

and enantiomer

CI

a~
HO>S

N

(~

CI

CI CI~
c.O~
~ CI LJ

D. 1-[(2RS)-2-(2,4-dichlorophenyl)-2- [[(2,6-dichlorophenyl)
methyl] oxy]ethyl]-IH-imidazole (isoconazole),

CI

CI~
H ,

~Ox, and enantiomer

CI~CI (N)

\ N+

;r-COi
H3C CH3

B. 1-[(2RS)-2-[[(4-chlorophenyl)methyl]oxy]-2-(2,4
dichlorophenyl) ethyl]-IH-imidazole (econazole),

Cl

~C~
H • and enantiomer

~Ox,
CI~CI NH2

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of 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 for pharmaceutical use) H~ 1.

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution To 0.100 g of the substance to be examined
add 3.0 mL of acetonitrile Rand 3.2 mL of methanol Rand
shake until complete dissolution. Further dilute to 10.0 mL
with a 15.8 g/L solution of ammonium acetate R.

Reference solution (a) Dissolve 2.5 mg of miconazole 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: 1= 0.10 m, 0 = 4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 JlIIl).

Mobzle phase Dissolve 6.0 g of ammonium acetate R in a
mixture of 300 mls.of acetonitrile for chromatography R,
320 mLofmethanolR1 and 380 mL of waterfor
chromatography R.

Flow rate: 2 mlzmin.
Detection '.' Spectrophotometer at 235 nm.

Equilibration With the mobile phase for about 30 min.

Injection 10 IlL.
Run time '1.2 times the retention time of miconazole.

Retention time Econazole =about 10 min;
miconazole = about 20 min.
System suitabz1ity Reference solution (a):
- resolution: minimum 10 between the peaks due to

econazole and miconazole; if necessary, adjust the
composition of the mobile phase.

Limits:
- impurities A, B~ C, D~ E~ F~ G: for each impurity, not

more than the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.25 per cent);

- total: not more than twice the 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 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 4 h.

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

ASSAY
Dissolve 0.300 g in SO mL of a mixture of 1 volume of
anhydrous acetic acid Rand 7 volumes of methylethyl 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 ClsH14C14N20.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B, C, D~ E~ F~ G.
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____________________ PhEur

Midazolam

PhEur _--:- _

Midazolam Oral Solution

Midazolam Oromucosal Solution

DEFINITION
8-Chloro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,5-a]
[1,4]benzodiazepine.

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 and in
ethanol (96 per cent), soluble in methanol.

IDENTIFICATION
F~stidentijicatiOn:B.

Second identification: A" C" D" B.
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 rng with 0.30 g of anhydrous sodium carbonate R
and ignite in a crucible until an almost white residue is
obtained (nonnallyin lessthanfimin). Allow to cool and
dissolve the residue in 5 mL of dilute nitric acidR. 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
alizarin S solution Rand 0.1 mL of zirconyl nitrate solution R.
Mix, allow to stand for 5 min and compare the colour of the
solution with that of a blank prepared in the same manner.
The test solution is yellow and the blank-solution is red.

E. To 1 mL of the filtrate obtained in identification test D
add 1 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 not more intensely coloured
than reference solution Y6 (2.2.2" MethodII).
Dissolve 0.1 gin 0.1 M hydrochloric acidand dilute to 10 mL
with the same acid.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance 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 vial of
midazolam for system suitability CRS (containing
impurities A, B, E, G and H) in 1.0 mL of methanol R.

Column:
- size: 1= 0.25 m, (2) = 4.0 mm;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 1JlIl).

59467-70-8

and enantiomer

and enantiomer

and enantiomer

and enantiomer

325.8
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F. 1-[ (2RS)-2-(2,4-dichlorophenyl)-2-[[(3,4-dichlorophenyl)
methyl] oxy]ethyl]-lH-imidazole,

G. 1-[ (2RS)-2-(2,4-dichlorophenyl)-2-[[(2,5-dichlorophenyl)
methyl] oxy]ethyl]-lH-imidazole,

H. 1-[(2RS)-2-(benzyloxy)-2-(2,4-dichlorophenyl)ethyl]-lH
imidazole,

(Ph. Bur. monograph 0936)

Action and use
Benzodiazepine.

Preparations
Midazolam Injection

1. 1-[ (2RS)-2-[[(2-chlorophenyl)methyl]oxy]-2-(2,4
dichlorophenyl)eth.yl]-lH-imidazole.
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Mob17e phase Prepare a solution containing 7.7 gIL of
ammonium acetate R and 10 mUL of tetrabutylammonium
hydroxide solution (400 giL) R and adjust to pH 5.3 with
glacialacetic acidR. Mix 44 volumes of this solution with
56 volumes of methanol R.
Flow rate 1.0 mlJrnin.

Detection Spectrophotometer at 254 nm.
Injection 10 J.1L.
Run time 2.5 times the retention time of midazolam.

Identification of impurities Use the chromatogram supplied
with midazolam for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks 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 suitability:
- signal-to-noise ratid::"minimum 40 for the principal peak in

the chromatograriitobtained with reference solution (a);
- peak-to-vaHey ra~:~minimum 3.0, where Hp = height

above the baselineof 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
midazolam in the' chromatogram obtained with reference
solution (b).

Limits:
- correctionfactors: 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"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, E, 0, H: 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).

Impurity C
Thin-layer chromatography (2.2.27).

Test solution (a) Dissolve 0.20 g of the substance to be
examined in ethanol (96 per cent) R and dilute to 5 mL with
the same solvent.

Test solution (b) Dilute 1 mL of test solution (a) to 50 mL
with ethanol (96 per cent) R.

Reference solution (a) Dissolve the contents of a vial of
midazolam impurity 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 per cent) 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 gelF254 plate R.

Midazolam 11-313

Mobile phase glacial acetic acidR, waterR, methanol R, ethyl
acetate R (2:15:20:80 V/V/V/V).

Application 5.~.
Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
Systemsuitability Reference solution (c):
- the chromatogram shows 2 clearly separated spots.

Limit:
- impurity 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 for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.120 gin 30 mL of anhydrous acetic acidR and add
20 mL of acetic anhydride R. Titrate with 0.1 M perchloric acid
to the 2n d point of inflexion, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 16.29 mg
of C1sH13CIFN3•

IMPURITIES
Specified impurities A, B, C, E, G, H.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph:--They arelimitedby 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 also 5.10. Control of impurities
in substances for pharmaceutical use) D, F, I, J.

A. (6RS)-8-chloro-6-(2-fluorophenyl)-I-methyl-5,6-dihydro
4H-imidazo[1,5-a] [1,4]benzodiazepine,

B. (6RS)-8-chloro-6-(2-fluorophenyl)-I-methyl-6H
imidazo[1,5-a] [1,4]benzodiazepine,
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o;s
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. I) and enantiomer
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C. 8-chloro-6-(2-fiuorophenyl)-I-methyl-4H-imidazo[I ,5-a]
[I ,4]benzodiazepine-3-carboxylic acid,

T. (3aR5)-8-chloro-6-(2-fluorophenyl)-1-methyl-3a,4
dihydro-3H-imidazo[I,5-a] [1,4]benzodiazepine,

4i
~C1~H

CI .... ~ HH.

¥ " F
...",;::;

D.8-chloro-6-(2-fiuorophenyl)-I-methyl-4H-imidazo[1,5-a]
[1,4]benzodiazepine 5-oxide,

J. 8-chloro-6-(2-fiuorophenyl)-1-methyl-3a,4,5,6-tetrahydro
3H-imidazo[I,5-a] [1,4]benzodiazepine.

and enantiomer

E. [(2R5)-7-chloro-5-(2-fluorophenyl)-2,3-dihydro-lH-l,4
benzodiazepin-2-yl] methanamine,

CI~~.I~jO
¥ ' F

...",;::;

___________________ PhEur

Minocycline Hydrochloride
Dihydrate
Minocycline Hydrochloride

(ph. EUT. monograph 1030)

128420-71-3

H. 6-chloro-4-(2-fluorophenyl)-2-methylquinazoline,

G. 8-chloro-I-methyl-6-phenyl-4H-imidazo[1,5-a][1,4]
benzodiazepine (desfluoromidazolam),

F. 7-chloro-5-(2-fiuorophenyl)-1,3-dihydro-2H-l ,4
benzodiazepin-2-one (I-des[(diethylamino)ethyl]
flurazepam),

PhEur _

Action and use
Tetracycline antibacterial.

Preparations
Minocycline Capsules

Minocycline Prolonged-release Capsules

Minocycline Tablets

DEFINITION
(4S,4aS,5aR,12aS)-4,7-Bis(dimethylamino)-3,10,12,12a
tetrahydroxy-I,II-dioxo-l,4,4a,5,5a,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 (anhydrous 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. .

Cl
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IDENTIFICATION
First identification: A., C.

Secondidentification: B., C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison minocycline hydrochloride CRS.
B. Thin-layer chromatography (2.2.27).

TestsolutiOn 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 minocycline
hydrochloride CRS in methanolR and dilute to 10 mL with the
same solvent.

Reference solution (b) Dissolve 5 mg of minocycline
hydrochloride CRS and 5 mg of oxytetracycline
hydrochloride CRS in methanolR and dilute to 10 mL with the
same solvent.

Plate TLC oetadecylsilyl silica gelF254 plateR.
Mobilephase Mix 20 volumes of acetonitrile R, 20 volumes
of methanol R and 60 volumes of a 63 gIL solution of oxalic
acidR previously.adjusted to pH 2 with concentrated
ammonia R. ", ',' ,. - ,

Application 1 J!L
Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om.

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. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.200 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 its absorbance (2.2.25) at
450 om using a I 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
Carry out the measurement within 1 h of preparing solution S.
The absorbance (2.2.25) of solution S measured at 560 om is
not greater than 0.06.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light. Store the solutions at 2-8 DC and use themwithin 3 h
of preparation.

SolutionA Mix 18 volumes of a 3.75 gIL solution of sodium
edetate R and 60 volumes of a 28.3 gIL solution of ammonium
oxalateR and adjust to pH 7.2 with dilute ammonia R2.
Test solution Dissolve 24.0 mg of the substance to be
examined in waterR 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 waterR.
Reference solution (b) Dissolve 2 mg of minocycline for system
suitability CRS (containing impurities A, B, C, E, F, G and
H) in waterR and dilute to 5 mL with the same solvent.

Minocycline Hydrochloride Dihydrate 11-315

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 40 DC.

Mobile phase tetrahydrofuran R, dimethylformamide R,
solution A (8:12:78 V/V/V).

Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 280 om.

Injection 20 J.tL of the test solution and reference
solutions (a) and (b).

Run time 3 times the retention time of minocycline.

Identification of impurities Use the chromatogram supplied
with minocycline for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, E, F, G and H.

Relative retention With reference to minocycline (retention
time = about 11 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 2.1.

System suitability 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 percentage 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 in
reference solutionIa) ..,--'

Limits:
- impurity A: maximum 1.2 per cent;
- impurity B: maximum 0.8 per cent;
- impurities C., E: for each impurity, maximum 0.6 per cent;
- impurities P., G: for each impurity, maximum 0.5 per cent;
- impurity H: maximum 0.3 per cent; -~...
- any other impurity: 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.

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

Bacterial endotoxins (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 test for
related substances with the following modifications.

Test solution Dissolve 30.0 mg of the substance to be
examined in water R and dilute to 50.0 mL with the same
solvent.

Reference solution Dissolve 30.0 mg of minocycline
hydrochloride CRS in waterR and dilute to 50.0 mL with the
same solvent.

Injection Test solution and reference solution.
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Calculate the percentage content of C23H2sCIN307 taking
into account the assigned content of minocycline
hydrochloride CRS.

STORAGE
In an airtight container, protected from light. If the substance
is sterile, the container is also sterile and tamper-proof.

IMPURITIES
Specified impurities A, B, C, E, F, G, H.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion 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 for
pharmaceutical use) D, 1.

A. (4R,4aS,5aR,12aS)-4,7-bis(dimethylamino)-3,10,12,12a
tetrahydroxy-l,11-dioxo-l,4,4a,5,5a,6,11,12a
octahydrotetracene-2-carboxamide (4-epiminocycline),

B. (4S,4aS,5aR,12aS)-4-(dimethylamino)-3,10,12,12a
tetrahydroxy-l,11-dioxo-l,4,4a,5,5a,6,11,12a
oetahydrotetracene-2-carboxamide (sancycline),

C. (4S,4aS,5aR,12aS)-4-(dimethylamino)-3,10,12,12a
tetrahydroxy-7-(methylamino)-1,11-dioxo-
1,4,4a,5,5a,6,11, 12a-octahydrotetracene-2-carboxamide
(7-monodemethylminocyc1ine),

D. (4S,4aS,5aR,12aS)-7-amino-4-(dimethylamino)-
3,10, 12,12a-tetrahydroxy-l, Il-dioxo-l,4,4a,5,5a,6,11,12a
oetahydrotetracene-2-carboxamide (7-aminosancyc1ine),

2020

E. (4S,4aS,5aR,12aS)-4,7-bis(dimethylamino)-3,10,12a
nihydroxy-12-llIrino-l,11--dioxo
1;2J:,4a,5,5a,6,11,11a,12,12a-decahydrotetracene-2
carboxamide,

F ...(4S,4aS,5aR, 12aS)-4,7-bis(dimethylamino)-3,10,12,12a
tetrahydroxy-N-(hydroxymethyl)-l,ll-dioxo
1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide,

G. (4S,4aS,5aR,12aS)-4,7,9-tris(dimethylamino)-3,10,12,12a
tetrahydroxy-l,11-dioxo-l,4,4a,5,5a,6,11,12a
octahydroterracene-z-carboxamide,

H. (4S,4aS,12aS)-4,7-bis(dimethylamino)-3,10,11,12a
tetrahydroxy-l,12-dioxo-l,4,4a,5,12,12a
hexahydrotetracene-2-carboxamide,

1. (4S,4aS,5aR,12aS)-9-amino-4-(dimethylamino)-
3,10,12,12a-tetrahydroxy-l,11-dioxo-l,4,4a,5,5a,6,11,12a
octahydrotetracene-2-carboxamide (9-aminosancycline).

____________________ PhEur
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Minoxidil Application 2 pL.

Development 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 position and size to the
principal spot in the chromatogram obtained with the
reference solution.

D. Dissolve about 10 mg in 1 mL of methanol R.
Add 0.1 mL of copper sulfate solution R. A green colour
develops. The solution becomes greenish-yellow on the
addition of 0.1 mL ofdilute hydrochloric acidR.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 12.5 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 minoxidil for system
suitabilit;y CRS (containing impurities A, B and E) in the
mobile phase and dilute to 20.0 mL with the mobile phase.

Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (2.6 J.lIIl);
- temperature: 40 DC.

Mobilephase Solution containing 0.1 per cent V/Vof
trifluoroacetic acid._Rand 2 gIL of sodium heptanesulfonate R in
a mixture of 45 volumes of methanol Rand 55 volumes of
waterfor chromatography R.

Flow rate 0.8 mIJmin.

Detection Spectrophotometer at 230 nm.

Injection 10 J,LL.
Run time Twice the retention time ofminoxidil.

Identification of impurities Use the chromatogram supplied
with minoxidilfor system suitabz7ity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due 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 between the peaks due to

impurities A and B; minimum 2.0 between the peaks due
to minoxidil and impurity E.

Calculation of percentage contents:
- for impurity B, multiply the peak area by the correction

factor 1.6;
- for each impurity, use the concentration of minoxidil in

reference solution (a).

Limits:
I:- impurityB: maximum 0.2 per cent;
- impurityB: 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. Bur. monograph 0937)

DEFINITION
6-(Piperidin-1;.yl)~Yrimidine-2,4-diamine 3-oxide.

Content
99.0 per cent to lO+..p per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, soluble in methanol and in
propylene glycol.

IDENTIFICATION
First identification: B.
SecondidentificationiA, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution (a) Dissolve 20.0 mg in 0.1 M hydrochloric acid
and dilute to 100.0 mL with the same acid (solution A).
Dilute 2.0 mL of solution A to 100.0 mL with 0.1 M
hydrochloric acid.
Test solution (b) Dilute 2.0 mL of solution A to 100.0 mL
with 0.1 M sodiumhydroxide.

Spectral range 200-350 nm.

Absorption maxima At 230 nm and 281 nm for test
solution (a); at 230 nm, 262 nm and 288 nm for test
solution (b).

Specific absorbances at the absorption maxima:
- at 230 nm: 1015 to 1120 for test solution (a); 1525 to

1685 for test solution (b);
- at 262 nm: 485 to 535 for test solution (b);
- at 281 nm: 1060 to 1170 for test solution (a);
- at 288 nm: 555 to 605 for test solution (b).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison minoxidilCRS.
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 ammoniaR, methanol R
(1.5:100 VIV).

Action and use
Vasodilator; treatment of hypertension; male pattern
baldness.

Preparation
Minoxidil Scalp Application
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PhEur _

(ph. Eur. monograph 2338)

85650-52-8

and enantiomer

265.4

Action and use
Inhibitor of 5HT and noradrenaline reuptake; antidepressant.

Preparations
Mirtazapine Tablets

Mirtazapine Oral Solution

Mirtazapine Orodispersible Tablets

Mirtazapine

DEFINITION
(14bRS)-2-Methyl-1,2,3,4,10,14b-hexahydropyrazino[2, I-a]
pyrido[2,3-c] [2]benzazepine.

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

CHARACTERS
Appearance
White or almost white powder, slightly hygroscopic to
hygroscopic.

Solubility
Practically insoluble in water, freely soluble in anhydrous
ethanol.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison mirtazapine CRS.

IT 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
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).
Solventmixture acetonitrile R, water R (50:50 VIV)o
Buffer solution Dissolve 18.0 g of tetramethylammonium
hydroxide R in 950 rnL of waterR. While stirring, adjust to
pH 7.4 with phosphoric acidR, then dilute to 1000 mL with
waterR and mix.

Test solution Dissolve 30 mg of the substance to be
examined in the solvent mixture and dilute to 20 mL with
the solvent mixture.

Reference solution (a) Dissolve 3 mg of mirtazapine for system
suitability CRS (containing impurities A, B, C, D, E· and F)
in 2 mL of the solvent mixture.

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)
Maximwn 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 perchloric 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 20.93 mg
of C9H1SNsO.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, E.
Other detectable impun·ties (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances1M 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.

B. 6-chloropyrimidine-2,4-diamine,

A. 6-chloropyrimidine-2,4-diamine 3-oxide,

O"(NyNH,
yN

NHz

E. 6-(piperidin-1-yl)pyrimidine-2,4-diamine
(deoxyminoxidil) .

_______________----- PhEur

C1'(yNH,
yN

NHz
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____________________ Ph£ur

and enantiomer

and enantiomer

and enantiomer

and enantiomer

its epimer at N* and
their enantiomers

o

F. (14bRS)-2-methyl-1,3,4,14b-tetrahydropyrazino[2,1-a]
pyrido [2,3-c] [2]benzazepin-lo(2H)-one.

C. (14bRS)-2-methyl-3,4,10,14b-tetrahyciropyrazino[2, I-a]
pyrido [2,3-c] [2]benzazepin-1 (2H)-one,

E. (2RS)-4-methyl-l-(3-methylpyridin-2-yl)-2
phenylpiperazine,

D. (14bRS)-1,2,3,4,10,14b-hexahydropyrazino[2,1-a]pyrido
[2,3-c] [2]benzazepine,

B. [2-[(2RS)-4-methyl-2-phenylpiperazin-1-yl]pyridin-3-yl]
methanol,

A. (14bRS)-2-methyl-1,2,3,4,10,14b-hexahydropyrazino[2,1
a]pyrido [2,3-c] [2]benzazepine 2-oxide,

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: I =0.25 m, 0 =4.6 mm.;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40°C.

Mobile phase tetrahydrofuran for chromatography R,
methanolR, acetonitrile R, buffer solution
(7.5:12.5:15:65 V/V/V/V).

Flow rate 1.5 mL/min.

Detection Spectrophotometer at 240 nm.

Injection 10 ~.

Run time Twice the retention time of mirtazapine.

Identification of impurities Use the chromatogram supplied
with mirtazapine for system suitability CRS and the
chromatogram obtained with reference solution (a) to

. identify the pe~A~tto impurities A, B, C, D, E and F.

Relative retention .'JWith reference to mirtazapine (retention
time =about 2S'mm): impurity A =about 0.2;
impurity B = about:O.3; impurity C = about 0.35;
impurity D =aboutJO.4; impurity E =about 1.3;
impurity F =about ~l :35.

System suitability:
- resolution: minimum 1.5 between the peaks due to

impurities E and F in the chromatogram obtained with
reference solution (a);

- symmetryfactor. 0.8 to 2.0 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 = 1.3;
impurity B = 1.3; impurity F = 0.2;

- impurities A, B, C, D, E, F: for each impurity, not more
than 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 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).

Water (2.5.12)
Maximum 3.5 per cent, determined on 1.00 g.

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

ASSAY
Dissolve 0.100 gin 35 mL of glacial acetic acidR. 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 13.27 mg
of C17H19N3'

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B, C, D, E, F.
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PhEur _

(ph. Eur. monograph 1731)

Identification oj impurities. Use the chromatogram supplied
with misoprostol for 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 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 (2nd peak) = about 0.91.

System suitabzlity Reference solution (c):
- resolution: minimum 1.2 between the peaks.due to

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 I" and 2nd peaks): not more than

10 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(1.0 per cent);

- 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 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 peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 15 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.5 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).

IliastereoisoD1ers
Liquid chromatography (2.2.29). Use freshly prepared solutions.

Test solution 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: 1= 0.25 m, (2) = 4.6 nun;
- stationary phase: silica gelfor chromatography R (5 urn);
- temperature: 40°C.

Mobzle phase Mix 20 volumes of 2-propanol R, 40 volumes
of anhydrous ethanol R, 940 volumes of heptane R and
sonicate for 10 min.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 205 nm.

Injection 20 ilL.
Run time 1.5 times the retention time of the 1st peak of
misoprostol.

Retention time Misoprostol 1st peak = about 19 min;
misoprostol 2nd peak = about 21 min.

System suitabzlity Test solution:
- resolution: minimum 2.0 between the 1st and 2nd peaks of

misoprostol.

Limit:
- I" peak of misoprostol: 45 per cent 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 mg/mL solution of the substance to be
examined in methanol R.

59122-46-2382.5

its epimerat C" andtheir enantiomers

CH3

o

H_"~OCH3
o

HO

Action and use
Prostaglandin (PGE1) analogue.

Misoprostol

DEFINITION
Mixture of methyl 7-[(lRS,2RS,3RS)-3-hydroxy-2
[(IE,4RS)-4-hydroxy-4-methyloet-l-enyl]-5-oxocyclopentyl]
heptanoate and methyl 7-[(lRS,2RS,3RS)-3-hydroxy-2
[(IE,4SR)-4-hydroxy-4-methyloct-l-enyl]-5-oxocyclopentyl]
heptanoate,

The 4 stereoisomers are present in approximately equal
proportions.

Content
96.5 per cent to 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 speettophotometry (2.2.24).

Comparison misoprostol CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Use freshly prepared solutions.

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 rnL with the mobile
phase.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 rnL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 rnL with the mobile phase.

Reference solution (c) Dissolve 5 mg of misoprostol for system
suitability CRS (containing impurities A, B and C) in 1 mL
of the mobile phase.

Column:
- size: 1=0.25 m, (2) =4.6 nun;
- stationary phase: silica gelfor chromatography R (5 J.UTI).

Mom7e phase Mix 5 volumes of acetonitrile R1, 215 volumes
of dioxan R, 780 volumes of heptane R and sonicate for
10 min.

Flow rate 2.0 mIlmin.

Detection 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 misoprostol.
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ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the followingmodifications.

Injection 20 J.tL of the test solution and reference
solution (a).

System suitabz7ity Reference solution (a):
- symmetry factor: maximum 3.7 for the peak due to

misoprostol.

Calculate the percentage content of C22H3S0S using the
declared content of misoprostol CRS.

STORAGE
In an airtight container, at -20°C.

IMPURITIES
Specified impurities A, B, C.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or otherof the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities and/or by the general
monograph SubstaYic~sJor 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, F.

~'··~OCH3·
H~~. iitsts eeppimer at c-and their enantiomers

OH HO~CH3
H3C'

A. mixture of methyl 7-[(lRS,2SR,3SR)-3-hydroxy-2
[(lE,4RS)-4-hydroxy-4-methyloct-l-enyl] -5
oxocyclopentyl]heptanoate and methyl 7-[(lRS,2SR,3SR)
3-hydroxy-2-[(lE,4SR)-4-hydroxy-4-methyloct-l-enyl]-5
oxocyclopentyl]heptanoate (8-epimisoprostol),

~"'~OCH3
HO~~ its epimerat C· and their enantiomers

H HO~CH3
H3C

B. mixture of methyl 7-[(lRS,2SR,3RS)-3-hydroxy-2-
[(1E,4RS)-4-hydroxy-4-methyloct-l-enyl] -5
oxocyclopentyl]heptanoate and methyl 7-[(lRS,2SR,3RS)
3-hydroxy-2-[(lE,4SR)-4-hydroxy-4-methyloct-l-enyl]-5
oxocyclopentyl]heptanoate (12-epimisoprostol),

o H 0

"'~OCH3
its epimerat C· and their enantiomers

CH3

C. mixture of methyl 7-[(lRS,2SR)-2-[(lE,4RS)-4-hydroxy
4-methyloct-l-enyl] -5-oxocyclopent-3-enyl]heptanoate and
methyl 7-[ (lRS,2SR)-2-[(lE,4SR)-4-hydroxy-4-methyloct
l-enyl] -5-oxocyclopent-3-enyl]heptanoate (misoprostol A),

Mites for Allergen Products 11-321

and enantiomer

D. methyl 7- [2-[(lE,4RS)-4-hydroxy-4-methyloct-l-enyl]-5
oxocyclopent-l-enyl]heptanoate (misoprostol B),

o H 0

/~OCH3
its epimerat C· and their enantiomers

E. mixture of methyl 7-[(lRS,2RS,3SR)-3-hydroxy-2-
[(lE,4RS)-4-hydroxy-4-methyloet-l-enyl]-5
oxocyclopentyl]heptanoate and methyl 7-[(lRS,2RS,3SR)
3-hydroxy-2-[(lE,4SR)-4-hydroxy-4-methyloct-l-enyl] -5
oxocyclopentyl]heptanoate (ll-epi misoprostol),

F. methyl 7-[ (3RS)-3-hydroxy-5-oxocyclopent-l-enyl]
heptanoate.

____________________ PhEur

Mites for Allergen Products
(Ph. Eur. monograph 2625)
PhEur ~ _

DEFINITION
Mites for allergen products are inactivated mite cultures that
may consist of faecal particles, mite bodies, mite parts, eggs,
larvae and residues from the growth medium. They contain
soluble substances, including proteins, whose functional
activity is unrelated to any antigenic and allergenic properties
they may have.

PRODUCTION
Mites for allergen products are obtained from cultivation
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 and monitored. Unless otherwise
justified, the culture medium is selected to avoid the presence
of materials with potential allergenicity. Appropriate measures
are taken to avoid contamination 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.

Certain 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 using qualified methods.
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Mitobronitol

CHARACTERISTICS
A white or almost white, crystalline solid.

Slightly soluble in water, in acetone and in ethanol (96%).

488-41-5308.0

CH2Br

HO H

HO H

H OH

H OH

Action and use
Cytotoxic.

Preparation
Mitobronitol Tablets

DEFINITION
Mitobronitol is 1,6-dibromo-l,6-dideoxy-n-mannitol.
It contains not less than 98.5% and not more than 101.0%
of C6H12Br204 calculated with reference to the dried
substance.

(e.g. shape of the 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, if performed 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.

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 culture 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
(ELISA).

Total allergenic activity
Determined by testing inhibition of the binding capacity of
specific immunoglobulin E antibodies or by a suitable
equivalent in vitromethod.

CHARACTERS
Mites for allergen products are supplied as yellow to brown
powders, which may contain one or more of the following:
mite bodies, parts, eggs, larvae and faecal particles. The mite
source material may contain residual amounts of medium
components.

IDENTIFICATION
The identity of the mite species is confirmed by their relevant
macroscopic (e.g. colour, appearance) and microscopic
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IDENTIFICATION
A. The infrared absorption spectrum, Appendix ITA, is
concordant with the reference spectrum of mitobronitol
(RS 236).

B. Dissolve 0.1 gin 10 mL of 1Msodium hydroxide, boil,
cool, acidify with 2M nitric acidand add 1 mL of silver nitrate
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 volumes of water. Add 1 mL of
0.25M barium chloride and shake well. A white, flocculent
precipitate is produced.

TESTS
Acidity
Shake 2 g with 50 m.Lof carbon dioxide-free waterfor
15 minutes and filter. 40 mL of the filtrate requires not more
than 0.3 mL of O.02M sodium hydroxide VS for neutralisation
using phenolphthalein solution R1 as indicator.

Clarity and colour ofsolution
A 4.0% w/v solution in dimethylformamide is clear,
Appendix IV ~,_~d colourless, Appendix IV B, Method I.
Ionic halide ..
Shake 0.20 g"Witli.:30 mL ofwaterfor 5 minutes and filter.
15 mL of thefiltrate complies with the limit testfor chlorides,
Appendix Vlh(500 ppm, calculated as CI).

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 0.2%, Appendix IX A.

ASSAY
Dissolve 0.2 gin 20 mL of 1M sodium hydroxide by heating
gently, cool, add 25 mL of O.1M silver nitrate VS and acidify
with 5 mL of 5M nitric acid. Add 2 mL of ammonium iron (III)
sulfatesolution R2 and titrate the excess of silver nitrate with
O.1M ammonium thiocyanate VS. Each mL of O.1M silver
nitrate VS is equivalent to 15.40 mg of C6HIZBrz04.

STORAGE
Mitobronitol should be protected from light.

Mitomycin
(Ph. Bur. monograph 1655)

H
N

····H

Mitomycin 11-323

Substance produced by a strain of Streptomyces caespitosus.

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 test solution is similar in retention time and size to
the principal peak in 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 water R.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Test solution Dissolve 50.0 mg of the substance to be
examined in methanol 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 mLwith methanol R. Dilute 5.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 10 mg of cinnamamide R
(impurity A) in methanol R and dilute to 10 mL with the
same solvent. Mix 2 mL of this solution and 1 mL of the test
solution and dilute to 10 mL with methanol R.
Column:
- size: l = 0.25 m, (0 =4.6 mm; _
- stationary phase: spherical base-deactiuated end-capped

octadecylsilyl silica gelfor chromatography R (5 um);
- temperature: 30 "C.

Mobile phase:
- mobile phase A: methanol R, 0.77 gIL solution of

ammonium acetate R (20:80 V/Jl);
- mobile phase B: methanol R, 0.77 gIL solution of

ammonium acetate R (50:50 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent VIP)

0-10 100 0

10 - 30 100 -> 0 0--+100

30 - 45 0 100

45 - 50 0--+100 100 --+ 0

PhEur ~ _

DEFINITION
[(las,8S,8aR,8bS)-6-Amin0-8a-methoxy-5-methyl-4,7-dioxo
1,1a,2,4, 7,8,8a,8b-octahydroazirino[2',3' :3,4]pyrrolo[I,2
a]indol-8-yl]methyl carbamate (mitomycin C).

Acnon and use
Antibacterial; cytotoxic.

334.3 50-07-7
Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 254 nm.

Injection 10 J-lL.
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.

System suitabz1ity Reference solution (b):
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____________________ PhEur

A. (E)-3-phenylprop-2-enamide (cinnamamide),

H

pH3

H. N

H2Nro,~~..HO'. : . -.---H

o """"=

~ 0
....... H3CO ""'CH

3
.'

o

~N~

H
o H co ....)l 3 ....

H2N 0 H....

o

C. [(1as,8R,8aR,8bS)-8a-hydroxy-6-methoxy-I,5-dimethyl
4,7 -dioxo-l, 1a,2,4,7,8,8a,8b-octahydroazirino[2',3':3,4]
pyrrolo[1,2-a] indol-8-yl]methyl carbamate (mitomycin B),

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D.

D. [(IS,2S,4S,5R,6S,6aR,10aS,IIS)-8-amino-5-methoxy-9
methyl-7,10-dioxo-2,3,6,6a,7,10-hexahydro-l,2,5
metheno-lH,5H-imidazo[2, l-z]indol-6-yl]methyl
carbamate (albomitomycin C).

B. [(1as,8S,8aR,8bS)-6,8a-dimethoxy-5-methyl-4,"7-dioxo
1,la,2,4,7,8,8a,8b-octahydroazirino[2',3':3,4]pyrrolo[I,2
a]indol-8-yl]methyl carbamate (mitomycin A),

- resolution: minimum 15.0 between the peaks due to
mitomycin and impurity A.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 0.35;
- impurities A, B, C, 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);

- any other impurity: for each impurity, not more 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 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 percent).

Water (2.5.12)
Maximum 2.5 per cent, determined on 0.30 g.

Bacterial endotoxins (2.6.14, MethodB)
Less than 10 lUI 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).
Test solution Dissolve 25.0 mg of the substance to be
examined in dimethylacetamide R and dilute to 50.0 mL with
the same solvent.

Reference solution (a) Dissolve 25.0 mg of mitomycin CRS in
dimethylacetamide 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. Mix 2 mL of this solution with 2 mL of
reference solution (a).

Column:
- size: 1=0.30 m, 0 =3.9 mm;
- stationary phase: end-capped phenylsilyl silica gelfor

chromatography R (10 J..l.II1) with a specific surface area of
330 m2/g, a carbon loading of 8 per cent and a pore size
of12.5 nm.

Mobile phase Mix 23 volumes of methanol R, 77 volumes of
a solution containing 2.05 gIL of ammonium acetate Rand
2.8 mLIL of dilute acetic acidR.
Flow rate 2.0 mL/min.

Detection Spectrophotometer at 365 nm and 254 nm.

Injection 20 J.tL.
Run time Twice the retention time of mitomycin.

Relativeretention With reference to mitomycin (retention
time = about 8 min): impurity A = about 1.2.

System suitability:
- resolution: minimum 1.8 between the peaks due to

mitomycin and impurity A in the chromatogram obtained
with reference solution (b) at 254 nm,

- symmetry factor. maximum 1.3 for the principal peak in
the chromatogram obtained with reference solution (a) at
365 nm.

Calculate the percentage content of ClsHlSN40S, using the
chromatograms obtained with the test solution and reference
solution (a) at 365 nm and taking into account the assigned
content of mitomycin CRS.
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PhEur ..."...- _

Mitoxantrone Hydrochloride

DEFINITION
1,4-Dihydroxy#.5,S.,.bis[[2-[(2-hydroxyethyl)amino]
ethyl] amino] anthracene-s,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 hydrochloride and impurity A are
electrostatic; the useof an antistatic gun or othersuitable method
to discharge the solids before weighing or transfer is recommended.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 2-3 mg in 1 mL of methanol R by
warming in a water-bath at 40-50 "C. Evaporate to dryness
under a stream of dry nitrogen, 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 about 40 mL of the mobile phase, sonicating if
necessary, and dilute to 50.0 mL with the mobile phase.

Reference solution (a) 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
mobile phase.

Reference solution (b) Dilute 1 mL of the test solution to
100 mL with the mobile phase.

Reference solution (c) Dissolve 2.0 mg of mitoxantrone
impurityA CRS in 1.0mL of reference solution (a).

Reference solution (d) Dilute 1 mL of reference solution (b)
to 10 mL with the mobile phase.

Column:
- size: 1= 0.30 m, (2) = 3.0 mID;
- stationary phase: phenylsilyl silicagelfor chromatography R

(10 um),

Mobtle phase Mix 750 volumes of waterR, 250 volumes of
acetonitrile Rand 25 volumes of a solution prepared as
follows: dissolve 22.0 g of sodium heptanesulfonate R in about
150 mL of waterR and filter through a 0.45 J.1m filter; wash
the filter with waterR and combine the filtrate and washings;
add 32.0 mL of glacial acetic acidR and dilute to 250 mL
with waterR.
Flow rate 3 mUmin.

Detection Spectrophotometer at 254 run.

Injection 50 IlL of the test solution and reference
solutions (b), (c) and (d).

Run time 3 times the retention time of mitoxantrone.

System suitability Reference solution (c):
- resolution: minimum 3.0 between the peaks due to

mitoxantrone and impurity A.

Limits:
- 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) (1 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(2 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained with reference solution (d)
(0.1 per cent).

Ethanol
Gas chromatography (2.2.28).

Internal standard solution Dilute 2.0 mL of propanol R to
100 mL with waterR. Dilute 5.0 mL of this solution to
100 mL with waterR.
Testsolution Mix 0.100 g of the substance to be examined
with 2.0 mL of the internalstandard solution and dilute to
5.0 mL with waterR. 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 ethanol Rto
100.0 mLwith waterR. Dilute 5.0 mL of the solution to
100.0 mL with waterR. Dilute 10.0 ml, gf this solution and
10.0 mL of the internal standard solution to 25.0 mL with
water R.
Column:
- size: I = 2 m, (2) = 3 mID;
- stationary phase: ethylvinylbenzene-divinylbenzene

copolymer R.
Carrier gas heliumfor chromatography R.
Flow rate 19 mlJmin.

Temperature:
- column: 120°C;
- injection port: 175 DC;
- detector: 210 DC.

Detection Flame ionisation.

Injection 1 ilL.
Retention time Ethanol = about 1 min; propanol = 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 g/mL at 20 DC.

Limit:
- ethanol: maximum 1.6 per cent m/m.

70476-82-3

• 2HCI

517.4

H

HO~N~~

~
HO~N~NH 0 OH

H

(ph. Bur. monograph 1243)

Action and use
Cytotoxic.

Preparation
Mitoxantrone Infusion
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Water (2.5.12)
Maximum 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 C22H30ClzN406 from
the declared content of mitoxantrone hydrochloride CRS.

STORAGE
In an airtight container.

IMPURITIES
Specifiedimpurities A) B) C) D.

Modafinil
(Ph. Bur. monograph 2307)

~
~ 00

"". LANH2

I~
~

273.4

Action and use
Narcolepsy and sleep disorders.

and enantiomer

68693-11-8

HN .'
HO~ ~NH 0 OH

~.I.~
~

NH2 0 OH

A. 1-amino-5)8-dihydroxy-4-[[2-[ (2-hydroxyethyl)
amino] ethyl]amino]anthracene-9, 10-dione,

H

HO~N~NH 0 OH

~
~

HO~N~NH 0
H

B. 5-hyclroxy-l,4-bis [[2-[ (2-hydroxyethyl) amino]ethyl]amino]
anthracene-9,10-dione,

H

HO~N---./"~.Cl

\\(Y
HO~N~NH 0 OH

H

C. 2-ch1oro-l ,4-dihydroxy-5,8-bis [[2-[(2~hydroxyethyl)amino]
ethyl]amino] anthracene-9,1O-dione,

D.8,II-dihydroxy-4-(2-hydroxyethyl)-6-[[2-[(2
hydroxyethyl) amino]ethyij amino]-1,2,3,4
tetrahydronaphtho[2,3-fJquinoxaline-7,12-dione.

____________________ PhEur

PhEur ----'- ~

DEFINITION
2-[ (RS)-(Diphenylmethyl)sulfinyl]acetamide.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightly 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 modajin£l 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).

Solvent mixture acetonitrile R1, waterR (35:65 VIV).
Testsolution Dissolve 50.0 mg of the substance to be
examined in 35 mL of acetonitrile Rl and dilute to 50.0 mL
with waterR. Dilute 1.0 mL of tins solution to 10.0 mL with
the solvent mixture.

Reference solution (a) Dissolve 50.0 mg of modajin£l CRS in
35 mL of acetonitrile Rl and dilute to 50.0 mL with waterR.
Dilute 1.0 mL of this solution to 10.0 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 2.0 mL of this
solution to 20.0 mL with the solvent mixture.

Reference solution (c) Add 2.0 mL of the solvent mixture to
a vial of modajinil for system suitability CRS· (containing
impurities A, B and C) and sonicate for 10 min.

Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5. J.lII1);
- temperature: 40°C.

Mob£le phase Mix 35 volumes of acetonitrile R1 and
65 volumes of a 6.8 gIL solution ofpotassiumdihydrogen
phosphate R previously adjusted to pH 2.3 with phosphoric
acidR.
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Flow rate 1.0 mIJrnin.

Detection Spectrophotometer at 220 nm.

Injection 20 J,JL of the test solution and reference
solutions (b) and (c).

Run time 4 times the retention time of modafinil.
Identification of impurities Use the chromatogram supplied
with modafinilfor system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, Band C.

Relativeretention With reference to modafinil (retention
time =about 4 min): impurity A =about 1.3;
impurity B = about 1.8; impurity C =about 3.0.

System suitability Reference solution (c):
- peak-to-valley 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:
- impurityA: not.more than twice the area of the principal

peak in thecht6matogram obtained with reference
solution (b) (0:2 per cent);

- impurities B~ C:;ifor each impurity, not more than 5 times
the areaofthe.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) ..

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 modafinil from the
declared content of ClsHlSNOzS in modafinil CRS.

IMPURITIES
Specified impurities A, B~ C.

~
~ ~

.# I ,~S"-"C02H
: andenantlomer

A. [(RS)-(diphenylmethyl)sulfinyl]acetic acid,

B. 2- [(diphenylmethyl)sulfonyl]acetamide,

Molgramostim ll-327

~
~ 00

. .# I ~~--.)l.OCH'
: and enantiomer

C. methyl [(RS)-(diphenylmethyl)sulfinyl]acetate.
____________________ PhEur

Molgramostim Concentrated
SOlution
(Ph. Bur. monograph 1641)

APARSPSPST QPWEHVNAIQ EARRLLNLSR

DTAAEMNETV EVISEMFDLQ EPTCLQTRLE

LYKQGLRGSL TKLKGPLTMM ASHYKQHCPP

TPETSCATQI ITFESFKENL KDFLLVIPFD

CWEPVQE

14477

Action and use
Recombinant granulocyte macrophage colony-stimulating
factor.

PhEur ..:...- _

DEFINITION
Solutionoti-protein having the structure of the granulocyte
macrophage colony stimulating factor which is produced and
secreted by various human blood cell types. The protein
stimulates the differentiation and proliferation of leucocyte
stem cells into mature granulocytes and rnacrophages.

Content
Minimum 2.0 mg of protein per millilitre.

Potency
Minimum 0.7 x 107 ill per milligram of protein.

PRODUCTION
Molgramostim concentrated solution is produced bya
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, the followingtests are carried out on each
batch of the final bulk product, unless exemption has been
granted by the 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.

CHARACTERS
Appearance
Clear, colourless liquid.

IDENTIFICATION
A. It shows the expected biological activity (see Assay).

B. Isoelectric focusing (2.2.54).
Testsolution Dilute the preparation to be examined with
waterR to obtain a concentration of 0.25 mglmL.
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Column:
- size: l = 0.10 m, 0 = 4.6 mID;
- stationary phase: oetadecylsilyl silica gelfor

chromatography R (5 J.lI11) with a pore size of 30 nm.

Mobile phase:
- mobile phase A: dilute 1 mL of trifiuoroacetic acidR in

1000 mL of waterfor chromatography R;
- mobile phase B: dilute 1 mL of trifiuoroacetic acidR in

100 mL of water for chromatography R; add 900 mL of
acetonitrile R1 and mix;

Flow rate 1.0 ml./min,

Detection .Spectrophotometer at 214 nm.

Equilibration At initial conditions for at least 12 min.

Injection 200 ilL.

Systemsuitability The chromatograms obtained with the
reference solution and the test solution are qualitatively
similar to the Ph. Eur. reference chromatogram.of molgramostim
digest. ,
Results The profile of the chromatogram obtained with the
test solution corresponds to that of the chromatogram
obtained with the reference solution.

E. N-Terminal sequence analysis.

Perform the Edman degradation using. an automated solid
phase sequences-eperatediriaccordance with the
manufacturer's instructions.

Load about 1 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 column and reagents 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 all amino 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-Gln-Pro-Trp-Glu-His-Val.

TESTS
Impurities with molecular masses differing from that
of molgramostim
Polyacrylamide gel electrophoresis (2.2.31) under both
reducing and non-reducing conditions.

Gel dimensions 0.75 mm thick.

Resolving gel 14 per cent acrylamide.

Sample buffer A Mix equal volumes of waterRand
concentrated SDS-PAGE sample buffer R.

Reference solution (a) Dilute "molgramostim DRS with waterR
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 to
the manufacturer's instructions.

Focusing:
- pH gradient. 4.0-6.5;
- catholyte: 8.91 gIL (0.1 M) solution of 3-aminopropionic

acidR;
- anolyte: 14.7 gIL (0.1 M) solution of glutamic acidR in

a 50 per cent V/V solution of dilute phosphoric
acidR (0.5 M);

- application: 20 ~.

Detection Immerse the gel in a suitable volume of a solution
containing 115 gIL of trichloroacetic acidRand 34.5 gIL of
sulfosalicylic acidR and shake the container gently for 30 min.
Transfer the gel to a mixture of 32 volumes of glacial acetic
acidR, 100 volumes of anhydrous ethanol Rand 268 volumes
of waterR (mixture A) and rinse for 5 min. Immerse the gel
for 10 min in a staining solution prewarmed to 60 °Cand
prepared by adding acid blue 83 R at a concentration of
1.2 gIL to mixture A. Wash the 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 1 h in a 10 per cent V/V solution of
glycerol R in mixture A.

System suitability:
- in the electropherogram obtained with reference

solution (b), the relevant is0 electric point markers are
distributed along the entire length of the gel;

- in the electropherogram 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 electropherogram obtained with .
reference solution (a). Plot the migration distances of the
relevant pI markers versus their pI and determine. the
isoelectric points of the principal component of each of the
test solution and reference solution (a). They do not differ by
more than 0.2 pI units.

C. Examine the electropherograms obtained under reducing
conditions in the test for impurities with molecular masses
differing 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 electropherogram
obtained with reference solution (a).

D. Peptide mapping (2.2.55).

Test solution Introduce 50 ilL of tris-hydrochloride buffer
solution pH 8.0 Rand 50 ~ of the preparation to be
examined at a concentration of 2 mg/ml, into a
polypropylene tube of 0.5 mL capacity. Add 4~ of a
1 mg/ml, solution of trypsin for peptide mapping R in a
0.01 per cent V/V solution of trifluoroacetic acidR, cap tightly
and mix well. Incubate at about 37°C for 18 h. Add 125 ~
of a 764 gIL (8 M) solution of guanidine hydrochloride Rand
mix well. Add 10 ul, of a 154.2 gIL (1 M) solution of
dithiothreitol R and mix well. Place the capped tube in boiling
water for 1 min. Cool to room temperature.

Reference solution Prepare at the same time and in the same
manner as for the test solution but use molgramostim CRS
instead of the preparation to be examined.

Examine the 2 tryptic digests by liquid chromatography
(2.2.29).

Time
(min)

0-35.0

35.0 - 105.0

105.0 - 107.5

107.5 - 120.0

Mobile phase A
(per cent VIJI)

100 ~ 65

65 ~ 35

35 ~ 100

100

Mobile phase B
(per cent VIJl)

o~ 35

35 ~ 65

65 ~ 0

o
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Sample bufferB (reducing conditions) Mix equal volumes of
waterR and concentrated SDS-PAGE sample buffer for reducing
conditions R.

Test solution (a) Dilute the preparation to be examined in
waterR to obtain a concentration of 1.0 mglmL.
To 1 volume of this solution add 1 volume of concentrated
SDS-PAGE sample buffer R.

Test solution (b) (2 per cent control). Dilute 0.020 mL of
test solution (a). to 1.0 mL with sample-buffer A.

Test solution (c) (1 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.

Testsolution (f) (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 (f) add -0;2Il:mL of sample buffer A.

Testsolution. (h):-XO:025 per cent control). To 020 mL of
test solution (g) add,'0.20mL of sample buffer A.

Test solution (V ,:Pr,epare as for test solution (a), but using
concentratedSD§:TI!..(1GE sample buffer for reducing conditions R.
Testsolutions e-» .Prepare as for test solutions (b)-(h),
but using sample buffer B.

Reference solution (a) Dilute molgramostim CRS in waterR to
obtain a concentration of 0.02 mg/ml., Mix 1 volume of this
solution with 1 volume of concentrated SDS-PAGE sample
buffer R.
Reference solution (b) Prepare as for reference solution (a),
but using concentrated SDS-PAGE sample buffer for reducing
conditions R.
Reference solution (c) Use a solution of molecular mass
markers suitable for calibrating SDS-PAGE gels in the range
of 14400-94 000. Dissolve in sample buffer or sample buffer
(reducing conditions), as appropriate.

Sample treatment Boil for 3 min.

Application 50 J.tL; apply reduced and non-reduced
solutions to separate gels.

Detection Silver staining as described below.

Immerse the gel overnight in a mixture of 10 volumes of
acetic acidR, 40 volumes of waterRand 50 volumes of
methanol R.Transfer the gel to a 100 g/L solution of
glutaraldehyde R and shake for about 30 min. Replace the

. glutaraldehyde solution with waterR, and keep the gel in
waterR 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 R and 8 gIL of
siloer nitrate R. This solution is prepared immediately before
use. Place the gel on a shaker in the dark for 5 min. Wash
the gel for 30 s in each of 3 containers with water Rand
shake the gel in a mixture consisting of 0.05 gIL of citric acid
monohydrate R, 0.05 per cent V/Vofformaldehyde R and
0.005 per cent V/Vof methanol R in waterR. Protein bands
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. Soak gels in a solution
consisting of 10 per cent V/Vof acetic acid R and
1 per cent V/V 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);

Molgramostim 11-329

- a gradation of intensity of staining is seen in the
eleetropherograms obtained with test solutions (a)-(h)
and (i)-(P);

- the molecular mass of the principal band in the
eleetrophoregram obtained with reference solution (a)
or (b) is within the range of 15 100 to 17 100.

Limits Compare the staining intensity of each non
molgramostim band observed in the eleetropherogram
obtained with test solution (a) to the staining intensity of the
principal band in the electropherograms obtained with test
solutions (b)-(h). Proceed similarly with the
eleetropherograms obtained with test solutions (i)-(P).
The impurity level is estimated as the dilution, in percentage,
of the solution giving the electropherogram with the closest
intensity of staining.

Reducing conditions:
- impurity with an apparent molecular massof 20000:

maximum 1 per cent;
- impurity with an apparent molecular massof 25000:

maximum 0.1 per cent;
- impurity with an apparent molecular massof 30000:

maximum 0.3 per cent;
- total: maximum 2 per cent.

Non-reducing conditions:
- totalof all impurities of molecular masses higher than 30 000:

maximum 1 per cent.

Related proteins
Liquid chromatography (2.2.29): use the normalisation
procedure.

Testsolution (a) Dilute the preparation to be examined with
0.05 M phosphate buffer solution pH 7.0 R to obtain a
concentration of O.,?-}!J,glmL....

Testsolution (b) Mix 1 volume of test solution (ajwith
4 volumes of a 0.125 mglmL solution of human albumin R or
bovine albumin R in 0.05 M phosphate buffer solution 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
O.5mglmL.

Reference solution (b) Mix 1 volume of'reference solution (a)
with 4 volumes of a 0.125 mg/ml, solution of human
albumin R or bovine albumin R in 0.05M phosphate buffer
solution pH 7.0 R.

Column:
- size: 1= 0.15 m, 0 = 4.6 nun;
- stationary phase: end-capped butylsilyl silica gelfor

chromatography R (5 JlIIl) with a pore size of 30 run.

Mobile phase:
- mobile phase A: to about 800 mL of waterfor

chromatography R add 1.0 mL of trifluoroacetic acid Rand
dilute to 1000 mL with water for chromatography R;

- mobile phase B: to 100 mL of water for chromatography R
add 1.0 mL of trifiuoroacetic acidRand 900 mL of
acetonitrile Rl;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIP)

0-30 64 -10 44 36 -10 56

30 - 35 44 -10 0 56 -> 100

35 - 45 0 100

45 - 50 0-1064 100 -10 36

50 - 60 64 36

Flow rate 1.2 mIJmin.

Detection Spectrophotometer at 214 om.
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______________--'-- Phfur

PhEur _

25717-80-0242.2

(Ph. Bur. monograph 1701)

Action and use
Nitric oxide donor; treatment of angina pectoris.

Moisidomine

DEFINITION
N-(Ethoxycarbonyl)-3-(morpholin-4-yl)sydnonimine.

Content
99.0 per cent to 10LO per cent (dried substance).

CHARACTERS
Appearance
White or almost white, 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 molsidomine CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution B7 (2.2.2, MethodII).

Dissolve LO gin anhydrous ethanol R by heating at about
50°C for about 5 min and dilute to 20.0 mL with the same
solvent.

Determine the relative quantity of purple formazan product
formed in each well by measuring the absorbance (2:2.25)
using a 96-well microtitre plate reader. Read each plate at

. 570 nm and at 690 nm. Subtract the reading at 690 nm
from the reading at 570 nm. Analyse 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 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 74 per cent and not more than 136 per cent
of the stated potency.

STORAGE
In an airtight container, protected from light, at a
temperature below -65°C.

LABELLING
The label states:

. - the content, in milligrams of protein per millilitre,
- the potency, in International Units per milligram of

protein.

l,geeaon 100 J.LL of test solution (a), reference solutions (a)
and (b).

System suz"tabilz"ty Reference solution (b):
- retention time: molgramostin =about 22 min,
- repeatabz"lity: maximum relative standard deviation of

5.0 per cent after 4 injections,
- resolution: minimum 2 between the peaks due to albumin

and molgramostim.

Limits:
- arry z"mpurity: for each impurity, maximum 1.5 per cent,
- total of impurities eluting between 5 min and 30 min:

maximum 4 per cent.

Bacterial endotoxins (2.6.14)
Less than 5 ill in the volume that contains 1.0 mg of
protein.

ASSAY
Protein
Liquid chromatography (2.2.29) as described in the test for
related proteins.

Injection 150 J.LL of 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 solution based on the stimulation of
proliferation of TF-I cells by molgramostim.

The following method uses the conversion of tetrazolium
bromide (MTf) as a staining method. Validated alternative
stains such as Almar blue have also been found suitable.

. TF-I cells are incubated with varying dilutions of test and
reference preparations of molgramostim. They are then
incubated with a solution of MTI. This cytochemical stain is
converted by cellular dehydrogenases to a purple formazan
product. The formazan is then measured

MPe~ph~tometric~y.The poten':Y of the pre~ar~tion to be
:£Cxammed IS determmed by companson of the dilunons of the
""test preparation with the dilutions of the appropriate

International Standard of molgramostim or with a reference
preparation calibrated in International Units, which yield 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 inInternational Units of the International
Standard is stated by the World Health Organization.

Add 50 J.1L of dilution medium to all wells ofa 96-well
microtitre plate. Add an additional 50 JlL of this solution to
the wells designed for the blanks. Add 50 J.1L of each solution
to be tested in triplicate (test preparation and reference
preparation at a concentration of about 65 IU/mL, plus a

.series of 10 twofold dilutions to obtain a standard curve).
Then add to each well 50 J.1L of a TF-I cell suspension
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 of 24 h in
a humidified incubator using 6 ± I per cent CO 2•

Add 25 JlL of a 5.0 gIL sterile solution of tetrazolium
bromide R to each well. Reincubate for 5 h. Remove the
plates from the incubator and add to each well 100 J.1L of a
240 gIL solution of sodium dodecyl sulfate R previously
adjusted to pH 2.7 with hydrochloric acid. Reincubate
overnight.
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Testsolution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with the solvent mixture.

Reference solution (aj 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 (b) Dissolve 2.4 mg of molsidomine
impurityB CRS in 80 mL of methanol 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.

Reference solution (c) Dissolve 10 mg of linsidomine
hydrochloride R· (impurity A) and 5 mg of molsidomine
impurityD CRS in 10 mL of methanol 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, 0= 4.6 mm;
- stationary phase: end-capped octadecylsz'lyl silica gelfor

chromatography R (5 urn);
- temperature: 30°C.

Mobile phase:
- mobile phaseA: dissolve 4.0 g of potassium dihydrogen

phosphate R in waterfor chromatography R and dilute to
1000 mL with the same solvent;

- mobile phaseB: methanol R1;

Flow rate 1.3 mUmin.
Detection Spectrophotometer at 210 om.

Injection 20~ of test solution (b) and reference
solutions (a) and (c).

Relatiue retention With reference to molsidomine (retention
time =about 9 min): impurity A = about 0.2;
impurity D = about 0.3.

System suz'tabz'lity Reference solution (c):
- resolution: minimum 3.5 between the peaks due to

impurities A and D.

Limits:
- unspecified impurities: for each impurity, not more than the

area of the peak due to molsidomine in the chromatogram
obtained with 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)
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 a mixture of 5 mL of acetic anhydride R
and 50 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

pH (2.2.3)
5.5 to 7.5.

Dissolve 0.50 g in carbon dioxide-free water R and dilute to
50.0 mL with the same solvent.

Im.purity 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 JlL of test solution (a) and reference
solution (b).

Relative retention With reference to molsidomine (retention
time =about 9 min): impurity B =about 0.43.

System suz'tabz7ity Reference solution (b):
- signal-to-noise ratio: minimum 20 for the principal peak.

Limit:
- z'mpurity B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (3.:'Ppm).

Im.purityE
Liquid chromatography (2.2.29).

Test solution Dissolve 0.200 g of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase. '

Reference solution (a) Dissolve 50.0 mg of morpholine for
chromatography R in 500.0 mL of water for chromatography R.
Dilute 20.0 mL of the solution to 500.0 mL with waterfor
chromatography R. Dilute 5.0 mL of this solution to
100.0 mL with waterfor chromatography R.

Reference solution (b) Mix 10.0 mL of the test solution with
10.0 mL of reference solution (a).

Column:
-,- size: I =0.25 m, 0 =4.0 nun;
- stationary phase: resin for reversed-phase ion

chromatography R;
- temperature: 25°C.

Mobile phase Mix 3.0 mL of methanesulfonic acidRand
75 mL of acetonitrile R in waterfor chromatography Rand
dilute to 5000 mL with waterfor chromatography R.

Suppressor regenerant waterfor chromatography R.

Flow rate 1.0 mIJmin.
Expected background conductivity Less than 0.5 IlS.
Detection Conductivity detector at lOllS.

Injection 50 JlL.
Run time 20 min.

Relativeretention With reference to molsidomine (retention
time = about 3 min): impurity E = about 2.4.

System suitability Reference solution (b):
- signal-co-noise ratio: minimum 6 for the peak due to

impurity E.
Limit:
- impurityE: not more than the area of the principal peak in

the chromatogram obtained with reference solution (a)
(0.01 per cent).

Related substances
Liquid chromatography (2.2.29). Protect the solutions from
light.
Solvent mixture methanol R, mobile phase A (10:90 VIV).
Test solution (a) Dissolve 0.200 g of the substance to be
examined in 2.5mL of methanol R and dilute to 5.0 mL with
mobile phase A.

Time
(min)

0-3

3 - 10

10 - 13

Mobile phase A
(per cent VIP)

90

90 ~ 20

20

Mobile phase B
(per cent VIP)

10

10 ~ 80

80
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____________________ PhEur

D. morpholine-4-carbaldehyde,

PhEur _

DEFINITION
9,21-Dichloro-11/3-hydroxy-16rt-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 almost white powder.

Solubility
Practically insoluble _in water, soluble in acetone and in
methylene chloride, slightly soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: A, B, F.
Secondidentification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mometasone furoate CRS.
B. Thin-layer chromatography (2.2.27).

Test solsaion Dissolve 10 mg of the substance to be
examined in methylene chloride R and dilute to 10 mL with
the same solvent.

Reference solution (a) Dissolve 20 mg of mometasone
furoate CRS in methylene chloride R and dilute to 20 mL with
the same solvent.

Reference solution (b) Dissolve 10 mg of anhydrous
beclometasone dipropionate CRS in reference solution (a) and
dilute to 10 mL with reference solution (a).

Plate TLC silica gelF254 plate R.
Mobilephase Add a mixture of L2 volumes of waterR and
8 volumes of methaniJ1Rto·aiDixture of 15 volumes of
etherR and 77 volumes of methylene chloride R.
Application 5 J,lL.
Development 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 with reference
solution (a).

Detection B Spray with alcoholic solution of sulfuric acidR.
Heat at 120°C for 10 min or until the spots appear. 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 the chromatogram obtained with reference
solution (a).

System suitability Reference solution (b):
- the chromatogram shows 2 spots which, when

examined in ultraviolet light at 365 nm, may not be
completely separated.

C. Add about 2 mg to 2 mL of sulfuric acidR-and shake to
dissolve. Within 15 min a light yellow colour develops. When
examined in ultraviolet light at 365 nm, no fluorescence is
seen. Add this solution to 10 mL of water R and mix.
The colour fades and there is no fluorescence.

D. Mix 80 mg with 0.30 g of anhydrous sodium carbonate R
and ignite in a crucible until an almost white residue is
obtained. Allow to cool and dissolve the residue in 5 mL of

83919-23-7

o CIO

CHa ._.-O~_~
--CHa bJ
H

521.4

Action and use
Glucocorticoid.

Preparations
Mometasone Cream

Mometasone Aqueous Nasal Spray

Mometasone Ointment

Mometasone Scalp Application

(Ph. Bur. monograph 1449)

HNl

~O

OHC.....Nl
~o

C. (2E)-(morpholin-4-ylimino)acetonitrile,

B. 4-nitrosomorpholine,

NC~N""Nl '
~O

Mometasone Furoate

A. 3-(morpholin-4-yl)sydnonimine (linsidomine),

1 mL of 0.1 M perchloric add is equivalent to 24.22 mg
of C9Hl~404'

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, B.
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 otherlunspecified 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, D.

O-N'

HN~N+-N~
~O

E. morpholine.
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C. 21-chloro-16cx.-methyl-3,11,20-trioxopregna-1,4-dien-17-yl
furan-2-carboxylate,

A. 21-chloro-16cx.-methyl-3,20-dioxopregna-1,4,9(11)-trien
17-yl furan-2-carboxylate,

C~ C~lo
·---0 ~

·-CH3 0 j
H

B. 9-chloro-17B-(2,2-dioxo-2,5-dihydro-l,2A.6-oxathiol-4-yl)
11B-hydroxy-16cx.-methyl-3-oxoandrosta-1,4-dien-1 7ce-yl
furan-2-carboxylate,

o

- 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 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 "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 percentage content of C27H30Cl206 taking into
account the assigned content of mometasone furoate
monohydrate CRS.

IMPURITIES
Specified impurities J.
Otherdetectable impurities (thefollowing substances zoould, if
present at a sufficient leoel, 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 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) A, B~ C, D~ E~ F~ G~ H~

I~ K, L, M~ N~ O~ r, Q, R~ S~ T, u.

o

o

dilute nitric acid R; filter. To 1 mL of the filtrate add 1 mL of
waterR. The solution gives reaction (a) of chlorides (2.3.1).

E. 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 (c).

F. Loss on drying (see Tests).

TESTS
Specific optical rotation (2.2.7)
+ 50 to + 55 (dried substance).

Dissolve 50.0 mg in ethanol (96 per cent) R and dilute to
10.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Solvent mixture Mix 200 mL of acetonitrile R and 200 mL of
waterR, thenadd 0..4 mL of acetic acidR.
Test solution (a) Dlssolve 25.0 mg of the substance to be
examined in 15 mIXof acetonitrile R and dilute to 50.0 mL
with the solvent miitture.

Test solution (b) Dilute 5.0 mL of test solution (a) to
25.0 mL with the s~lventmixture.

Reference solution (a) Dissolve 5 mg of mometasone furoate for
system suitability CRS (containing impurities C and Din
3 mL of acetonitrile R and dilute to 10.0 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 1.0mL or 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 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 um),

Mobile phase acetonitrile R, waterfor chromatography R
(50:50 VIV).

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 nm,
Injection 20 J.LL 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 furoate for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities C and J.
Relativeretention With reference to mometasone furoate
(retention time = about 24 min): impurity C = about 0.9;
impurity J =about 1.5.

System suitabz1ity Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity C and mometasone furoate.

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);
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1).21-chUoro-9,II~epoxy-16~-nlerl1y~3,20-dioxo-9~-pregna

1,4-dien-17-yl furan-2-carboxylate, J. 9,21-dichloro-ll ~-hydroxy-6~,Ifio-dimethyi-3,20
dioxopregna-l ,4-dien-17-yl furan-2-carboxylate,

o

o

o CIO

CH
a ~----0 ~

····CHa 0 j
H

o

o

E. 9,21-dichUoro-16~-nlerl1yl-3,20-dioxopregna-l ,4-diene
11~,17-diyl di(furan-2-carboxylate), K. 9-chloro-ll~,17,21-trihydroxy-16~-nlerl1ylpregna-l ,4

diene-3,20-dione,

o
o o

F. 9,21-dichUoro-ll~-hydroxy-16~-nlerl1yl-3,6,20

trioxopregna-l,4-dien-17-yl furan-2-carboxylate,
L. 9,11~-epoxy-l 7,21-dihydroxy-16~-nlethyl-9~-pregna-l ,4

diene-3,20-dione,

o
o

(i.9,21-dichUoro-ll~,17-dihydroxy-16~-nlerl1ylpregna-l,4

diene-3,20-dione (mometasone),

~.9-chloro-ll~,17-dihydroxy-16~-Dlethylpregna-l,4-diene

3,20-dione,

o
o

. H. 9-chloro-ll ~,21-dihydroxy-16~-nlethyl-3,20-dioxopregna
1,4-dien-17-yl furan-2-carboxylate, N. 9-chloro-ll~,17-dihydroxy-Ifie-rnethyl-3,20-dioxopregna

1,4-dien-21-yl methanesulfonate,

o

o
o-Z

CHa

o

I. 6~-acetoxy-9,21-dichloro-ll ~hydroxy-16~-nlerl1yl-3,20
dioxo-5~-pregn-l-en-17-yl furan-2-carboxylate,

O. 9-chloro-ll~,17-dihydroxy-16~-nlethyl-3,20-dioxopregna
1,4-dien-21-yl acetate,
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o

P.. 9.,.chloro-11p,17-dihydroxy-16cx-methyl-3,20-dioxopregna
1,4-dien-21-yl furan-2-carboxylate,

Mometasone Furoate Monohydrate
(ph. Bur. monograph 2858)

_______-'- PhEur

141646-00-6539.4

Action and use
Glucocorticoid.

PhEur _

DEFINITION
9,21-DichIoro-11 P-hydroxy-16cx-methyl-3,20-dioxopregna
1,4-dien-17-yl furan-2-carboxylate monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, soluble in acetone and in
methylene chloride, slightly soluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared abso~~0I!_sp~mQphotometry(2.2.24).
Comparison -mometasone juroate 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 obtained with
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 percent) R and dilute to
10.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Solventmixture Mix 200 mL of acetonitrile Rand 200 mL of
waterR, then add 0.4 mL of acetic acidR.

Testsolution (a) Dissolve 25.0 mg of the substance to be
examined in 15 mL of acetonitrile R and dilute to 50.0 mL
with the solvent mixture.

Testsolution (b) Dilute 5.0mL of test solution (a) to
25.0 mL with the solvent mixture.

Reference solution (a) Dissolve 5 mg of mometasone furoate for
system suitability CRS (containing.impurity C). in 3 mL of
acetonitrile R and dilute to 10.0 mL with the solvent mixture.

Reference solution (b) 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

o CI
O

CH
3 ~···-0 ::?

····H 0 j
CHa

o CIO

CH
3 ::q-···0 ::?

····CHa 0 j

H CI

o

o

o

o

T. 9,21-dichloro-11 P-hydroxy-16cx-methyl-3,20-dioxopregna
1,4-dien-17-yl 5-chlorofuran-2-carboxylate,

U. unknown structure.

S. 9,21-dichloro-11 P-hydroxy-16p-methyl-3,20-dioxopregna
1,4-dien-17-yl furan-2-carboxylate,

Q. 21-chloro-9,Tlp..;,epoxy-17-hydroxy-Ieu-methyl-sb-pregna
. 1,4-diene-3,20-dione,

R. 9-chloro.,-ll P-hydroxy-16cx-methyl-21-[(methylsulfony1)
oxy]-3,20-dioxopregna-1,4-dien-17-yl furan-2-carboxylate,
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o

o CIO

CH
3 ~,-,,0 -;:?

"--CH3 0 ;j
H

o CIO

CH
3 ~"'-0 -;:?

····CH3 0 j
H

o

o

o

o CIO

CH
3 ~----0 ,;:?

--'-CH, 0 j
H

o

o

o CIO

CH
3 ~----0 -;:?

····CH3 0 ;j
H

C. 2I-chloro-I6cx.-methyl-3,11 ,20-trioxopregna-I,4-dien-I7-yl
furan-2-carboxylate,

D. 2I-chloro-9,11~-epoxy-16(X-methyl-3,20-dioxo-9~-pregna
I,4-dien-I7-yl furan-z-carboxylatey->-

F. 9,2I-dichloro-II ~-hydroxy-I6cx.-methyl-3,6,20
trioxopregna-I ,4-dien-I7-yl furan- 2-carboxylate,

E. 9,2I-dichloro-I6cx.-methyl-3,20-dioxopregna-I ,4-diene
II~, I7-diyl di(furan-2-carboxylate),

B. 9-chloro-I7~-(2,2-dioxo-2,5-dihydro-l,2A6-oxathiol-4-yl)
11~-hydroxy-I6(X-methyl-3-oxoandrosta-I,4-dien-I7ce-yl
furan-2-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: 1=0.25 m, 0 =4.6 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 um),

Mobile phase acetonitrile R, waterfor chromatography R
(50:50 V/V).
Flow rate l.0 mUmin.

Detection Spectrophotometer at 254 run.

Injection 20 ~ of test solution (a) and reference
solutions (a) and (b).

Run time 3.5 times the retention time ofmometasone
furoate.

Identification of impurities Use the chromatogram supplied
with mometasone furoate for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity C.

Relative retention With reference to mometasone furoate
(retention time =about 24 min): impurity C =about 0.9.

System suitabzlity Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity C and mometasone furoate.

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 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).

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 test for
related substances with the following modification.

Injection Test solution (b) and reference solution (c).

Calculate the percentage content of CZ7H30Clz06 taking into
account the assigned content of mometasone furoate
monohydrate CRS.

IMPURITIES
Other detectable impurities (the following substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for other/unspecified impuritie: 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, B, C, D, E, F, 0, H,
I, J, K, L, M, N, 0, P, Q, R, S, T, U.

o CIO

CH
3 :u--··0 -;:?

---'CH3 0 ;j
H

o

A. 2I-chloro-I6(X-methyl-3,2o-dioxopregna-l,4,9(11)-trien
I7-yl furan-z-carboxylate,

G. 9,21-dichloro-1I~,17-dihydroxy-16cx.-methylpregna-I,4
diene-3,20-dione (mometasone),
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H. 9-chloro-ll ~,21-dihydroxy-16a.-methyl-3,20-dioxopregna
1,4-dien-17-yl furan-2-carboxylate,

o

o

~.9-chloro-ll~,17-dihydroxy-16a.-methyl-3,20-dioxopregna

1,4-dien-21-yl methanesulfonate,

C~ O~~
----0 <?'

····CH3 0 J
H

C~ C~lo
'··-0 <?'

. ····CH3 0 j
H

·0

o

I. 6~:-acetoxy~9,21-dichloro-ll ~-hydroxy-16a.-methyl-3,20
dioxo-5~-pregn-1~en-17-yl furan-2-carboxylate,

O. 9-chloro-l1~,17-dihydroxy-16a.-methyl-3,20-dioxopregna
1,4-dien-2l-yl acetate,

o

C~ C~lo
----0 <?'

····CH3 0 J
H

o

J. 9,21-dichloro-ll ~-hydroxy-6a.,16a.-dimethyl-3,20
dioxopregna-l,4-dien-17-yl furan-2-carboxylate,

P. 9-chloro-ll~,17::-dihydroxy-16a.-methyl-3,20-dioxopregna
1,4-dien-2l-yl furan-2-carboxylate,

K. 9-chloro-ll~,17,21-trihydroxy-16a.-methylpregna-l,4
diene-3,20-dione,

Q. 21-chloro-9,11~-epoxy-17-hydroxy-16a.-methyl-9j3-pregna
1,4-diene-3,20-dione,

o
o

o

L. 9,11~-epoxy-17,21-dihydroxy-16a.-methyl-9~-pregna-l ,4
diene-3,20-dione,

R. 9-chloro-ll ~-hydroxy-16(X-methy1-21-[(methylsulfonyI)
oxy]-3,20-dioxopregna-l ,4-dien-17-yl furan-2-carboxylate,

o

o o

C~ C~lo
··--0 <?'

····H 0 j
CH3

M. 9-chloro-ll ~,17-dihydroxy-16a.-methylpregna-l,4-diene
3,20-dione,

S. 9,21-dichloro-l1j3-hydroxy-16~-methyl-3,20-dioxopregna

1,4-dien-17-yl furan-2-carboxylate,
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o Clo

CH3 ::q···-0 ~

····CH3 0 J
H CI

o

T. 9,21-dichloro-l113-hydroxy-16cx-methyl-3,20-dioxopregna
1,4-dien-17-yl 5-chlorofuran-2-carboxylate,

U. unknown structure.
______-"-- PhEur

Montelukast Sodium
(Ph. Bur. monograph 2583)

Testsolution Dissolve 50 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 the contents of a vial of
montelukast racemate CRS in 1.0 mL of the solvent mixture.

Column:
- size: 1=0.15 m, 0 =4.0 mm; .
~ stationary phase: silica gelA GP for chiral chromatography R

(5 J.UIl); -
- temperature: 30 "C.

Mobile phase:
- mobile phaseA: 2.3 gIL solution of ammonium acetate R

adjusted to pH 5.7 with glacial acetic acidR;
- mobile phaseB: acetonitrile R, methanol R (40:60 VI1/);

Action and use
Leukotriene CysLT1 receptor antagonist; treatment of
asthma.

Preparations
Montelukast Granules'

Montelukast Chewable Tablets

Montelukast Tablets

Flow rate 0.9 mL/min.

Detection Spectrophotometer at 280 nm.

Injection 10 J.LL.
Relative retention With reference to montelukast (retention
time = about 25 min): impurity A =about 0.7.

Systemsuitability:
- .resolution: minimum 2.9 between the peaks due to

impurity A and montelukastinthe chromatogram
obtained with-reference s~iution (b);

- signal-to-noise ratio: minimum 10 for the principal peak in
the chromatogram obtained with reference solution (a).

Calculate the percentage content of impurity A using the
following expression:

30 --+ 40

40

Mobile phase B
(per cent VIJI)

70 --+60

60

Mobile phase A
(per cent VIV)

Time
(min)

0-30

30 - 35

151767-02-1608

PhEur _

.DEFINITION
Sodium [1-[[[(lR)-1-[3-[(E)-2-(7-chloroquinolin-2
yl)ethenyl]phenyl] -3- [2-( I-hydroxy-l-methylethyl)
phenyl]propyl] sulfanyl]methyl]cyclopropyl] acetate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, 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 almost white residue is
obtained. Take up the residue in 2 mL of water R and filter.
The filtrate gives reaction (a) of sodium (2.3.1).

TESTS
.Enantiomeric purity
Liquid chromatography (2.2.29). Carry out the testprotected
from light. Prepare the solutions in amber flasks.
Solvent mixture acetonitrile R, waterR (50:50 VIV).

r1 area of the peak due to impurity A in the chromatogram
obtained with the test solution;

r2 sum of the areas of the peaks due to montelukast and
impurity A in the chromatogram obtained with the test solution.

Limit:
- impurity A: maximum 0.2 per cent.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure. Carry out the testprotected from light. Prepare the
solutions in amberflasks.
Solventmixture waterR, methanol R (10:90 VIV).

Testsolution (a) Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Testsolution (b) Dilute 10.0 mL oftest solution (a) 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 solvent mixture.

Reference solution (b) Dissolve 10 mg of montelukastfor peak
identification CRS (containing impurities B, C, D, E and F)
in the solvent mixture and dilute to 10.0 mL with the solvent
mixture.
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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
dicyclohexylamine 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: 1= 0.05 m, (2) =4.6 mm;
- stationary phase: phenylsz1yl silica gelfor chromatography R

(1.8 urn);
- temperature: 30 "C.

Mobz7e phase:
- mobile phaseA: mix 1.5 mL of triflucroacetic acidR and

1000 mL of waterR;
- mobz7e phaseB: mix 1.5 mL of trifluoroacetic acidR and

1000 mL of acetonitrile R;

Flow rate 1.2 mlJmin.

Detection Spectrophotometer at 238 nm,

Injection 10 j.lL of test solution (a) and reference
solutions (a) and (c); 20 j.lL of reference solution (b).

Identification of impurities Use the chromatogram supplied
with montelukast for peak identificaiion CRS and th,
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C, D, E andF; 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.

Systemsuitabz7ity 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:
- impurity B: maximum 0.3 per cent;
- impurity C: maximum 0.2 per cent;
- impurities F, G: for each impurity, maximum

0.15 per cent;
- sum of impurities D and E: maximum 0.15 per cent;
- unspecified impurities: 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 C3sH3sClNNa03S using
the following expression:

B. [1-[[[(lR)-1-[3-[(E)-2-(7-chloroquinolin-2-yl)
ethenyl]phenyl]-3- [2-( 1-methylethenyl)phenyl] propyl]
sulfanyl]methyl] cyclopropyl]acetic acid,

CI~N~

~

C. [1-[[[I-[3-[(E)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3
[2-(I-hydroxy-1-methylethyl)phenyl]propyl]sulfinyl]
methyl] cyclopropyl] acetic acid,

A. [1-[[[(1S)-1-[3-[(E)-2-(7-chloroquinolin-2-yl)
ethenyl]phenyl] -3- [2-( 1-hydroxy-1-methylethyl)phenyl]
propyl] sulfanyl]methyl] cyc1opropyl] acetic acid,

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

Otherdetectable impurities .(thefollowing substances would, if
present at a sufficient level, bedetected 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 identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances-for pharmaceutical use) H, 1.

At area of the principal peak in the chromatogram obtained with
test solution (b);

A2 area of the principal peak in the chromatogram obtained with
reference solution (d);

mt mass of the substance to be examined used to prepare test
solution (a), in milligrams;

m2 mass of montelukast dicyclohexylamine CRS used to prepare
reference solution (d), in milligrams;

p declared percentage content of montelukast
dicyclohexylamine CRS;

a percentage content of water in the substance to be examined.

Al x mz x 79.24 xp
Az xmI x (100 - a)

40

40 -> 51

Mobile phase B
(per cent VIJI)

60

60 ~ 49

Mobile phase A
(per cent VIJI)

Time
(min)

0-3

3 - 16
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CI
ClyyN~.

Vv.
and epimerat C"

2020

H V -
"S~yC02H

H OH
CH3

D.l-[[[(IR)-I-[3-[(IR)-I-[[[I-(carboxymethyl)
cyc1opropyl]methyl]sulfanyl]-2-(7-chloroquinolin-2-yl)
ethyl]phenyl]-3-[2-(I-hydroxy-l-methylethyl)phenyl]
propyl]sulfanyl]methyl]cyc1opropyl]acetic acid,

CI

E. 1-[[[(IR)-I-[3-[(15')-1-[[[1-(carboxymethyl)
cyc1opropyl]methyl]sulfanyl] -2-(7-chloroquinolin-2-yl)
ethyl]phenyl]-3-[2-(1-hydroxy-l-methylethyljphenyl]
propyl]sulfanyl]methyl]cyc1opropyl]acetic acid,

1. (2RS)-[1-[[[(lR)-1-[3-[(E)-2-(7-chloroquinolin-2
yl)ethenyl]phenyl]-3-[2-(1-hydroxy-1-methylethyl)
phenyl]propyl] sulfanyl]methyl] cyclopropyl] (hydroxy) acetic
acid.

~ --'- -,-- Ph Eur

Morphine Hydrochloride
(Ph. Eur. monograph 0097)

Action and use
Opioid receptor agonist; analgesic.

Preparation
Morphine Suppositories ..

CI
375.8 6055-06-7

F. [1-[[[(IR)-3-(2-acetylphenyl)-1-[3-[(E)-2-(7
chloroquinolin-2-yl)ethenyl]phenyl]propyl] sulfanyl]
methyl] cyclopropyl]acetic acid,

G. [1- [[[(1R)-1-[3-[(Z)-2-(7-chloroquinolin-2-yl)
ethenyl]phenyl]-3-[2-(I-hydroxy-1-methylethyl)phenyl]
propyl]suIfanyl]methyl]cyclopropyl]acetic acid,

CI

H. [1-[[[(1R)-1-[3-[(E)-2-(7-chloroquinolin-2-yl)
ethenyl]phenyl]-3-[2-(methoxycarbonyl)phenyl] propyl]
sulfanyl]methyl]cyc1opropyl]acetic acid,

PhEur _

DEFINITION
7,8-Didehydro-4,5cx-epoxy-17-methylmorphinan-3,6cx-diol
hydrochloride trihydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous 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
Firstidentification: A, E.
Second identification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison morphine hydrochloride trihydrate CRS.
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Solution A Dissolve 25.0 mg in water R and dilute to
25.0 mL with the same solvent.

Testsolution (a) Dilute 10.0 mL of solution A to 100.0 mL
with waterR.

Testsolution (b) Dilute 10.0 mL of solution A to 100.0 mL
with 0.1 M sodium hydroxide.
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).
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Flow rate 1.5 mIJmin..

Detection Spectrophotometer at 230 nm.

Injection 10 ilL.

Identification of impurities- Use the chromatogram supplied
with morphine for system su£tabz1ity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C, E and F.

Relativeretention With reference to morphine (retention
time = about 12.5 min): impurity F = about 0.95;

Specificabsorbance at the absorption maximum 37 to 43 for
test solution (a); 64 to 72 for test solution (b).

C. To about 1 mg of powdered substance 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 reaetion(a) of chlorides (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
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 or BY6 (2.2.2, Method Il).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of methyl redsolution R.
Not more than 0.2mL of 0.02 Msodium hydroxide or 0.02 M
hydrochloric acid isrequired to change the colour of the
indicator.

Specific optical rotation (2.2.7)
-110 to -115'(anhydrous substance), determined on
solution S. "-1",

Related sub~tances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.125 gofthe substance to be
examined in a 1 per cent V/V solution of acetic acidR and '
dilute to 50 mL with the same solution.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with a 1 per cent V/V solution of acetic acidR.
Dilute 2.0 mL of this solution to 10.0 mL with-a
1 per cent V/V solution of acetic acidR.
Reference solution (b) Dissolve 5 mg of morphine for system
suitability 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, (2) =4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatographyR (5 J.U1l);
- temperature: 35 "C.

Mobile phase:
- mobile phaseA: 1.01· gIL solution of sodium

. heptanesulfonate R adjusted to pH 2.6 with a
50 percent V/V solution of phosphoric acidR;

- mobile phaseB: methanolR;

Time
(min)

0-2

2 - 35

35 - 40

Mobile phase A
(per cent VIP)

85

85 ~ 50

50

Mobile phase B .
(per cent VIII)

15

15 ~ 50

50

impurity E =about 1.1; impurity C =about 1.6;
impurity B = about 1.9.

System suitabz1ity Reference solution (b):
- peak-to-valley ratio: minimum 2, where Hp = height above

thebase1ine of the peak due to impurity F and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
morphine.

Limits:
- correction 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;

- impurity 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 obtained with
reference solution (a) (0.2 per cent);

- any other impurity: for each impurity, not more than the
area of the principal peak in 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 peak in
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.

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 hydrochloric
acid and 30 mL of ethanol (96 per cent)J3~. 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 M sodium hydroxide is equivalent to 32.18 rng
of C17H20ClN03.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, C, E.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They arelimited by the general 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) A, D, F.
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Action and use
Opioid receptor 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

"CHa

.~ • H,SO, • 5H,O

HO" j 0/ : H
H OH 2

PhEur _

Morphine Sulfate

DEFINITION
Di(7,8-didehydro-4,5ct.-epoxy-17-methylmorphinan-3,6ct.-diol)
sulfate pentahydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water, very slightly soluble in ethanol
(96 per cent), practically insoluble in toluene.

IDENTIFICATION
Firstidentification: A, E.
Second identification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 20 mg in 1 mL of water R, add
0.05 mL of 1 M sodium hydroxide and shake. A precipitate is
formed. Filter, wash with 2 quantities, each of 0.5 mL, of
waterR and dry the precipitate at 145 0 C for 1 h. Prepare
discs using the dried precipitate.

Comparison Repeat the operations using 20 mg of morphine
sulfate 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.

Testsolution (a) Dilute 10.0 mL of solution A to 100.0 mL
with waterR.
Testsolution (b) Dilute 10.0 mL of solution A to 100.0 mL
with 0.1 M sodium hydroxide.
Spectral range 250-350 nm for test solutions (a) and (b).

Absorption maximum At 285 om for test solution (a);
at 298 nm. for test solution (b).

Morphine Sulphate

(Ph. Eur. monograph 1244)

F. (17S)-7 ,8-didehydro-4,5ct.-epoxy-17-methylmorphinan
3,6ct.-diol 17-oxide (morphine N-oxide).

D. 7,8-didehydro-4,5ct.-epoxy-17-methylmorphinan
3,6ct.,10ct.-triol (lOS-hydroxymorphine),

C. 6,7,8,14-tetradehydro-4,5ct.-epoxy-6-methoxy-17
methylmorphinan-f-ol (oripavine),

E. 7,8-didehydro-4,5ct.-epoxy-3-:-hydroxy-17
methylmorphinan-6-one (morphinone),

B. 7,7',8,8'-tetradehydro-4,5ct.:4',5 'ct.-diepoxy-17,17'
dimethyl-2,2'-bimorphinanyl-3,3',6ct.,6,ce-tetrol (2,2'.,
bimorphine),

A. 7,8-didehydro-4,5ct.-epoxy-3-methoxy-17
methylmorphinan-6ct.-ol (codeine),

____________________ PhEur
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Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 230 nm.
Injection 10 f.ll-..
Identification of impurities Use the chromatogram supplied
with morphine for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C, E and F.

Relativeretention With reference to morphine (retention
time = about 12.5 min): impurity F = about 0.95;

Specific absorbance at the absorption maximum 37 to 43 for
test solution (a); 64 to 72 for test solution (b).

C. To about 1 mg of powdered substance in a porcelain dish
add 0.5 rnL 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 the reactions of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.500 g in carbon dioxide-free waterR and dilute to
25.0 mL with the same solvent. .

Appearance of solution
Solution Sis clear (2.2.1) and not more intensely coloured
than reference solution Y6or BY6 (2.2.2~ MethodII).

Acidity or.alkalinity
To 10 mL of solution S add 0.05 mL of methylredsolution R.
Not more than 0.2 mL of 0.02 M sodium hydroxide or 0.02 M
hydrochloric acid i~~:'fequired to change the colour of the
indicator. ;,;:;~;,;,':

Specific optical r.6tation (2.2.7)
-107 to -110 (anliydrous substance), determined on
solutionS. ' .

Related substanc~s ? '

Liquid chromatography (2.2.29).

Test solution Dissolve 0.125 g of the substance to be
examined in a 1 per cent V/V solution of acetic acidR and
dilute to 50 mL with the same solution.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with a 1 per cent V/V solution ofacetic acidR.
Dilute 2.0 mL of this solution to 10.0 mL with a
1 per cent V/Vsolution of acetic acidR.
Reference solution (b) Dissolve 5 mg of morphine for system
suitability 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, (2) =4.6 mm;
- stationary phase: .end-capped octadecylsilyl silica gelfor

chromatography R (5 um);
- temperature: 35 "C.

Mobile phase:
- mobile phaseA: 1.01 gIL solution. of sodium

." heptanesulfonate R adjusted to pH 2.6 with a
50 per cent V/V solution of phosphoric acidR;

- mobile phaseB: methanolR;

Time
(min)

0-2

2 - 35

35 - 40

Mobile phase A
(per cent V/JI)

85

85 ~ 50

50

Mobile phase B
(per cent VIII)

15

15 ~ 50

50

impurity E = about 1.1; impurity C = about 1.6;
impurity B =about 1.9.

System suitability Reference solution (b):
- peak-co-valley 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 peak from the peak due to
morphine.

Limits:
- correction 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;

- impUrity 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 obtained with
reference solution (a) (0.2 per cent);

- any other impurity: for each impurity, not more than the
area of the principal peak in 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 peak in
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 residue from the test for sulfated ash in waterR
and dilute to 10.0 mL with the same solvent.

Water (2.5.12)
10.4 per cent to 13.4 per cent, determined on 0.10 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on2.0 g.

ASSAY
Dissolve 0.500 gin 120 mL of anhydrous acetic acidR.
Titrate with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mLof O.IM -perchloricndd is equivalent to 66.88 .mg
of C34H40NzOlOS, .

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, C, E.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They arelimited 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. Controlof impurities in substances for
pharmaceutical use) A, D, F.
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i\. 7,8-didehydro-4,S~-epoxy-3-naerlloxy-17

methylmorphinan-oc-ol (codeine),

B. 7,7',8,8'-tetradehydr0-4,5cx:4',S'ac.-diepoxy-17,17'
dimerllyl-2,2'-bim.orphinanyl-3,3',6ac.,6'ac.-tetrol (2,2'
bim.orphine) ,

C. 6,7,8,14-tetradehydr0-4,5cx-epoxy-6-naerlloxy-17
methylmorphinan-3-01(oripavine),

D. 7,8-didehydro-4,Sac.-epoxy-17-methylmorphinan
3,6ac.,10ac.-triol (10S-hydroxynaorphine),

E. 7,8-didehydro-4,Sac.-epoxy-3-hydroxy-17
methylmorphinan-e-one (morphinone),

F. (17S)-7,8-didehydro-4,5cx-epoxy-17-methylmorphinan
3,6ac.-dioI17-oxide (morphine N-oxide).

_____________________ PhEur

2020

I\,~oulds for Allergen Products
(ph. Bur. monograph 2626)
PhEur ~ _

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 intothe
culture medium, Moulds are microscopic filamentous fungi
belonging mainly to the genera Alternaria, Aspergillus,
Cladosporium and Penicillium. 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
materialcharacteristics 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 batch. The choice of
tests must be justified.
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PhEur _

Moxifloxacin Hydrochloride

DEFINITION
I-Cyclopropyl-6-fiuoro-8-methoxy-7-[(4as,7as)-octahydro
6H-pyrrolo [3,4-b] pyridin-6-yl] -4-oxo-1 ,4-dihydroquinoline-3
carboxylic acid hydrochloride.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Light yellow or yellow, slightly hygroscopic powder or
crystals.

Solubility
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison moxifioxacin hydrochloride CRS.
B. Enantiomeric purity (see Tests).

C. Dissolve 50 mg in 5 mL of water R, add I mL of dilute
nitric acidR, mix, allow to stand for 5 min and filter.
The filtrate 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) and not more intensely coloured than
reference solution GY2 (2.2.2, Method II). If intended for use
in the manufacture of parenteral preparations, the solution is
clear (2.2.1) and not more intensely coloured than reference
solution GY2 (2.2.2, Method II).

Dissolve 1.0 g in 20 mL of dilutesodium hydroxide solution R.

pH (2.2.3)
3.9 to 4.6.

Dissolve 0.10 g in 50 mL of carbon dioxide-free water R.

Enantiomeric purity
Liquid chromatography (2.2.29).

Buffersolution Dissolve 2.49 g of anhydrous copper sulfate R
and 2.6 g of isoleucine R in 1000 mL of water for
chromatography R.

Test solution Dissolve 5.0 mg of the substance to be
examined in water R and dilute to 5.0 mL with the same
solvent.

186826-86-8

. He!

437.9

QS.~OCH3Y
H ~ I I

F ~ COzH

°

(Ph. Bur. monograph 2254)

Action and use
Fluoroquinolone antibacterial.

Preparation
Moxifloxacin Intracameral Injection

________________--'- PhEur

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
(EUSA).

T otaI allergenic activity
Determined by testing inhibition of the binding capacity of
specific immunoglobulin E antibodies or by a suitable
equivalent in vitromethod.

CHARACTERS
Moulds or yeasts for allergen products are supplied as
coloured powders.9,r liquid suspensions.

IDENTIFICATION
The identity of the~ifuould or yeast is confirmed by its
relevant macroscopic (e.g. colour, appearance) and
microscopic (e.g. appearance of the mycelium, spores,
specialised cellsjnierphological characteristics specific to
each species, 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 genetic identification, ifperformed 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 content of dried material is determined;
specification limits must be supported by batch analysis and
stability data. .

Mycotoxms
For moulds, the content of mycotoxin is determined, unless
otherwise justified.

STORAGE
Moulds or yeasts for allergen products are stored under
controlled conditions justified by stability data.

LABELLING
The label states the species of the mould or yeast.

www.webofpharma.com



11-346 Moxifloxacin Hydrochloride

Reference solution (a) Dilute 3.0 mL of the test solution to
200.0 mL with water R. Dilute 1.0 mL of this solution to
10.0 mL with waterR.

Reference sclution (b) Dissolve 5 mg of moxifioxacin for system
suitability CRS (containing impurity G) in 5 mL of water R.

Column:
- size: I = 0.25 m, 0 = 4.0 nun;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn),

Mobile phase methanolR, buffer solution (25:75 VIV).

Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 293 nm.

Injection 20J1L.

Run time 1.5 times the retention time of moxifloxacin.

Identification of impurities Use the chromatogram supplied
with moxifioxacin for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity G.

Relativeretention With reference to moxifloxacin (retention
time = about 16 min): impurity G = about 0.9.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity G and moxifloxacin.

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 light.
Solution A Dissolve 050 g oitetrabuiylammonium hydrogen
sulfate Rand 1.0 g ofpotassium dihydrogen phosphate R in
about 500 mL of waterR. Add 2 mL of phosphoric acidRand
0.050 g of anhydrous sodium sulfite R and dilute to 1000 mL
with water R.

Testsolution (a) Dissolve 50.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solution A.

Testsolution (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 moxifioxacin
hydrochloride CRS in solution A and dilute to 50.0 mL with
solution A. Dilute 1.0 mL of the solution to 10.0 mL with
solution A.

Reference solution (c) Dissolve 5 mg of moxifioxacin forpeak
identification A CRS (containing impurities A, B and E) in
5 mL of solution A.
Reference solution (d) Dissolve 2 mg of moxifioxacin for peak
identification B CRS (containing impurity F) in 2 mL of
solution A.

Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: base-deactivated end-capped phenylsilyl silica

gelfor chromatography R (5 urn);
- temperature: 45°C.

Mobile phase Mix 28 volumes of methanol Rand 72 volumes
of a solution containing 0.5 gIL of tetrabutylammonium

2020

hydrogen sulfate R, 1.0 gIL of potassium dihydrogen phosphate R
and 3.4 gIL of phosphoric-acid R.
Flow rate 1.3 mIJmin.

Detection Spectrophotometer at 293 nm.

Injection 10 J1L of test solution (a) and reference
solutions (a), (c) and (d).

Run time 2.5 times the retention time of moxifloxacin.

Identification of impurities Use the chromatogram supplied
with moxifioxacin for peak identification A CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B and E;use the
chromatogram supplied with moxifioxacin for peak
identification B CRS and the chromatogram obtained with
reference solution (d) to identify the peak due to impurity F.

Relativeretention With reference to moxifloxacin (retention
time =about 11 min): impurity F =about 0.9;
impurity A =about 1.1; impurity B =about 1.3;
impurity E = about 1.7.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

moxifloxacin and impurity A.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B = 1.4;
impurity E = 3.5;

- impurities B, E, F: 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 peakiii 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).

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
related substances with the following modification.

Injection Test solution (b) and reference solution (b).

Calculate the percentage content of CZIHzsCIFN304 taking
into account the assigned content of moxifioxacin
hydrochloride CRS.

STORAGE
In an airtight container, protected from light.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES
Specified impurities B, E, F, G.
Otherdetectable impurities (thefollo'Zuz"ng 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
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criterion for other/unspecified impurities 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) A~ C~ D~ H.

~¢FY.
H -;:71 I

F '- C02H

°
A. l-cyc1opropyl-6,8-di:fluoro-7- [(4aS, 7as)-oetahydro-6H

pyrrolo [3,4-b[pyridin-o-yfj-d-oxo-I,4-dihydroquinoline-3
carboxylic acid,

B. l-cyc1opropyl-6,8-dimethoxy-7- [(4aS,7as)-oetahydro-6H
pyrrolo [3,4-b]pyridin-6-yl]-4-oxo-l,4-dihydroquinoline-3
carboxylic acid,

rv: t' Y
HN7\-~~ON

H -;:7, I
F '- C0 2H

o

Moxisylyte Hydrochloride 11-347

F. l-cyc1opropyl-6-fluoro-8-methoxy-7- [(4as,7as)-I
methyloctahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo
1,4-dihydroquinoline-3-carboxylic acid,

<'I-, OCH3Y
HN~~¢H ,r", I

F ""- CO,H

°
G. l-cyc1opropyl-6-fluoro-8-methoxy-7- [(4aR,7aR)

octahydro-6H-pyrrolo [3,4-b]pyridin-6-yl]-4-oxo-l ,4
dihydroquinoline-3~carboxylic acid,

QS~OCH3Y
~ I lOCH

F ~ 3

° 0

H. methyl l-cyc1opropyl-6-fluoro-8-methoxy-7- [(4aS, 7as)
oetahydro-6H-pyrrolo [3,4-b] pyridin-6-yl]-4-oxo-l ,4
dihydroquinoline-3-carboxylate.

___________________ PhEur

CHARACTERISTICS
A white, crystalline powder.

Freely soluble in water and in chloroform; soluble in ethanol
(96%); practically insoluble in ether and in petroleum spirit.

DEFINITION
Moxisylyte Hydrochloride is 4-(2-dimethylaminoethoxy)-5
isopropyl-2-methylphenyl acetate hydrochloride. It contains
not less than 99.0% and not more than 101.0% of
C16H2sN03,HCI, calculated with reference to the dried
substance.

C. l-cyc1opropyl-8-ethoxy-6-fluoro-7- [(4aS,7as)-oetahydro
6H-pyrrolo [3,4-b]pyridin-6-yl]-4-oxo-l,4
dihydroquinoline-3-earboxylic acid,

~
..... Y

HN .... NXJ(FN
H -;:71)

Haeo '- "C02H

o

D. l-cyc1opropyl-8-fluoro-6-methoxy-7- [(4aS,7as)-octahydro
6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-l,4
dihydroquinoline-3-earboxylic acid,

~¢OHY.N
H -;:7, I

F ,~ C0 2H

°
E. l-cyc1opropyl-6-fluoro-8-hydroxy-7- [(4aS,7as)-octahydro

6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-l,4
dihydroquinoline-3-earboxylic acid,

Moxisylyte Hydrochloride

Me

AcO~..ro~NMe,
Me Me

315.8

Action and use
Alpha-adrenoceptor antagonist.

Preparation
Moxisylyte Tablets

,Hel

964-52-3
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PhEur ~ _

Moxonidine

75438-57-2241.7

(Ph. Bur. monograph 1758)

DEFINITION
4-Chloro-N-(imidazolidin-2-ylidene)-6-methoxy-2
methylpyrimidin-f-amine.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very slightly soluble in water, sparingly soluble in methanol,
slightly soluble in methylene chloride, very slightly soluble in
acetonitrile.

Action and use
Imidazoline II receptor agonist; treatment of hypertension.

Preparation
Moxonidine Tablets

IDE~'TIFICATION

Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison moxonidine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in a mixture of equal volumes of methanol Rand
waterR and dilute to 100.0 mL with the same mixture of
solvents.

Reference solution (a) Dissolve 10.0 mg of moxonidine CRS
in a mixture of equal volumes of methanol R and waterRand
dilute to 10.0 mL with the same mixture of solvents.

Reference solution (b) Dilute 1.0mL of reference solution (a)
to 100.0 mL with a mixture of equal volumes of methanolR
and waterR. Dilute 2.0 mL of this solution to 20.0 mL with
a mixture of equal volumes of methanolR and waterR.

Reference solution (c) Dissolve 5.0 mg of moxonidine
impurityA CRS in a mixture of equal volumes of methanol R
and waterR 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 mL with a mixture of equal volumes of methanol R
and waterR.
Reference solution (e) Dilute 2.5 rnL of reference solution (a)
to 50.0 mL with reference solution (c).

Column:
- size: 1= 0.25 m, 0 = 4 mm;
- stationary phase: base-deactivated octylsilyl silica gelfor

chromatography R (5 JlID.);
- temperature: 40°C.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II 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, 45 to 5.5, Appendix V L.

Related substances
Carry out the method for liquidchromatography,
Appendix ill D, using solutions in the mobile phase
containing (1) 0.0010% w/v of 2-(6-hydroxythymoxy)
ethyldimethylamine hydrochloride BPCRS and 0.00050% w/vof
2-thymoxyethyldimethylamine hydrochloride BPCRS and (2)
0.2% w/v of the substance being examined. For solution (3)
dilute 1 volume of solution (2) to 100 volumes. For solution
(4) dilute 1 volume of solution (3) to 10 volumes.

The chromatographic procedure may be carried out using
(a) a stainless steel column (30 em x 3.9 mm) packed with
oetadecylsilyl silica gelfor chromatography (10 prn) (llBondapak
C18 is suitable), (b) 0.005M sodium hexanesulfonate in a
mixture of 2 volumes of glacial acetic acid, 185 volumes of
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 nm.

The peaks in the chromatogram obtained with solution (1)
are due to (a) 2-(6-hydroxythymoxy)ethyldimethylamine
hydrochloride and (b) 2-thymoxyethyldimethylamine
hydrochloride in order of their elution. In the chromatogram
obtained with solution (2) the areas of any peaks
corresponding to (a) and (b) are not greater than the areas of
the corresponding peaks in the chromatogram obtained with
solution (1) (0.5% of 2-(6-hydroxy-thymoxy)
ethyldimethylamine hydrochloride and 0.25% of
2-thymoxyethyldimethylamine hydrochloride respectively),
the area of any peak with a retention time relative to
moxisylyte of 2.3 is not greater than the area of the principal
peak in the chromatogram obtained with solution (3) (1% of
2-(6-cWorothymoxy)ethyldimethyl-amine hydrochloride) and
the area of any peak with 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 105°, loses not more than
05% of its weight. Use 1 g.

Sulfated ash
Not more than 0.1%, Appendix IX A.

ASSAY
Carry out Method I for non-aqueous titration,
Appendix VIII A, using 0.5 g and 1-naphtholbenzein solution
as indicator. 'Each mL of O.1M perchloric acid VS is equivalent
to 31.58 mg of C 16HzsN03,HCl.

STORAGE
Moxisylyte Hydrochloride should be protected from light.
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---- PhEur

12650-69-0500.6

PhEur _

H ~C02H

~
: CH3

HaC., H ... ~. H. .
~C '. H 0

" : 0 " OHH OH H HO H 0

D. 6-chloro-5-[(imidazolidin-2-ylidene)amino]-2
methylpyrimidin-4-ol (6-desmethylmoxonidine) ..

(Ph. Bur. monograph 1450)

B. N-(imidazolidin-2-ylidene)-4,6-dimethoxy-2
methylpyrimidin-5-amine (4-methoxymoxonidine),

C. 5- [(imidazolidin-2-ylidene)amino]-ti-methcxy-2
methylpyrimidin-4-ol (4-hydroxymoxonidine),

H3CYlN.~O~.N)
N ~ AN

N H
CI

Mupirocin

Action and use
Antibacterial.

Preparation
Mupirocin Ointment

DEFINITION
9-[[(2E)-4-[(2S,3R,4R,5S)-3,4-Dihydroxy-5-[[(2S,3S)-3-
[(1S,2S)-2-hydroxy-l-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 per 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).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of mupirocin.

A. 4,6-dichloro-N-(imidazolidin-2-ylidene)-2
methylpyrimidin-5-amine (6-chloromoxonidine),

Mobilephase Mix 136 volumes of acetonitrile R with
1000 volumes of a 3.48 gIL solution of sodium
pentanesulfonate R previously adjusted to pH 3.5 with dilute
sulfuric acid R.

Flow rate 1.2 mlzrnin,

Detection Spectrophotometer at 230 nm.

Injection 20 JlL of the test solution and reference
solutions (b), (d) and (e).

Run time Twice' the retention time of moxonidine.

Relative retentions With reference to moxonidine (retention
time =about 11.6 min): impurity A =about 0.9;
impurity B = about 1.7.

System suitability Reference solution' (e):
- r~olution: minimum of 2 between the peaks due to

impurity A and moxonidine.

Limits:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (d)(0~3,percent);

- impurity B:. not, more than 3 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 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).

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
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 C9H12CINsO from the
areas of the peaks and the declared content of
moxonidineCRS.

IMPURITIES
Specifiedimpurities A, B.
Other detectable impurities (the following substances would, if
presentat a sufficientlevel, be detected by one or otherof the tests
in the monograph. They are limitedby thegeneral 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 for pharmaceutical use) C, D.
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TESTS
pH (2.2.3)
3.5 to 4.0 for a freshly prepared saturated solution (about
10 gIL) in carbon dioxide-free water R.

Specific optical rotation (2.2.7)
-17 to -21 (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 acetate R
adjusted to pH 4.0 with acetic acidR.

Test solution Dissolve 50.0 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
50.0 mL with the solvent mixture.

Reference solution (b) .Adjust 10 mL of reference solution (a)
to pH 2.0 with hydrochloric acidRand allow to stand for
20h.

Column:
- size: 1=0.25 m, 0 =4.6 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn).

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 acetate R adjusted to pH 5.7
with acetic acidR.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 240 nm.

Injection 20~.

Run time 3.5 times the retention time of mupirocin.

Relativeretention With reference to mupirocin:
impurity C = about 0.75.

System suitabzlity Reference solution (b):
---', resolution: minimum 7.0 between the 2n d of the 2 peaks

due to hydrolysis products and the peak due to
mupirocin,

Limits:
- impurity C: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (4 per cent);

- any other impurity: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(1 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(6 per cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained with reference 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).

Testsolution Dissolve 25.0 mg of the substance to be
examined 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 acidR.

2020

Reference solution (a) Dissolve 25.0 mg of mupirocin
lithiumCRS 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 acidR.
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, 0 = 4.6 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 J.lIIl).

Mobile phase Mix 19 volumes of waterfor chromatography R,
32 volumes of tetrahydrofuran R and 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 mIJrnin.
Detection Spectrophotometer at 230 nm.

Injection 20 J,LL.
Systemsuitability:
- resolution: minimum 7.0 between the 2nd of the 2 peaks

due to hydrolysis products and the peak due to mupirocin
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 C26H440g using the
chromatogram obtained with reference solution (a) and
taking into account the assigned content of mupirocin
lithium CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities C.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of the tests
in the monograph. They are limited by the general 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) A, B, D, E, F.

H ~C02Ho : CHa

~
3q. H 7 HO. . .

~c '. H 0
,. : 0 :. OH

H OH H HO H. 0

A. 9-[[(2E)-4-[(2S,3R,4R,5R)-3,4,5-trihydroxy-5-[[(2S,3S)3
[(lS,2S)-2-hydroxy-1-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,5S)-3,4-dihydroxy-5-[(2E,4R,5S)
5-hydroxy-4-methylhex-2-enyl]tetrahydro-2H-pyran-2-yl]
3-methylbut-2-enoyl] oxy]nonanoic acid (pseudomonic
acid C),
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Preparations
Mupirocin Cream

Mupirocin Nasal Ointment

PhEur _

____________________ PhEur

DEFINITION
Calcium bis[9-[[(2E)-4-[(2S,3R,4R,5S)-3,4-dihydroxy
5[[(2S,3S)-3-[(1S,2S)-2-hydroxy-lmethylpropyJJ
oxiranyl]methyl] tetrahydro-2H-pyran-2-yl]-3-methylbut-2
enoyl]oxy]nonanoate] dihydrate.

Substance produced by the growth of certain strains of
Pseudomonas fluorescens or obtained by any other means.

Content
93.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very slightly soluble in water, sparingly soluble in anhydrous
ethanol and in methylene chloride.

IDENTIFICATION
A. Infrared 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)
-16 to -20 (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 acetateR
adjusted to pH 4.0 with acetic acidR.

Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution (aJ Dilute 1.0 mL of the test solution to
50.0 mL with the solvent mixture.

Reference solution (bJ Adjust 10 mL of reference solution (a)
to pH 2.0 with hydrochloric acidR and allow to stand for
20h.

Column:
- size: l = 0.25 m, (2) = 4.6 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Mix 20 volumes of water for chromatography R,
30 volumes of tetrahydrofuran Rand 50 volumes of a
10.5 gIL solution of ammonium acetate R adjusted to pH 5.7
with acetic acid R.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 240 nm.

Injection 20 ~tL.

Run time 3.5 times the retention time of mupirocin.

Relative retention With reference to mupirocin:
impurity C = about 0.75.

System suitabzlity Reference solution (b):
- resolution: minimum 7.0 between the 2n d of the 2 peaks

due to hydrolysis products and the peak due to
mupirocin.

115074-43-61075

Action and use
Antibacterial.

F. 7-[[(2E)-4-[(2S,3R,4R,SS)-3,4-dihydroxy-5-[[(2S,3S)-3
[(1S,2S)-2-hydroxy-1-methylpropyl]oxiranyl]methyl]
tetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]oxy]
heptanoic acid.

Ca2+ [ ~3C"H ~ H.· 0 ~ CH
3 ~CO£~

HaC '. H 0

: : 0 " OH
H OH H HO H 0

. 2

, 2HzO

Mupirocin Calcium

C. (4E)-9-[[(2E)-4-[(2S,3R,4R,5S)-3,4-dihydroxy-5-
[[(2S,3S) 3- [(lS,2S)-2-hydroxy-l-methylpropyl]oxiranyl]
methyl]tetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]
oxy]non-4-enoic acid (pseudomonic acid D),

(Ph. Bur. monograph 1451)

D. 9-[[(2E)-4-[(2R,3aS,6S,7S)-2-[(2S,3S)-1,3-dihydroxy-2
methylbutyl] -7-hydroxyhexahydro-4H-furo [3,2-c]pyran-6
yl]-3-methylbut-~-enoyl] oxy]nonanoic acid,

E. 9-[[(2E)-4-[(2R,3RS,4aS,7S,SS,SaR)-3,S-dihydroxy-2
[(1S,2S)-2-hydroxy-1-methylpropyl]hexahydro-2H,5H
pyrano[4,3-b]pyran-7-yl]-3-methylbut-2-enoyl]oxy]
nonanoic acid,
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Limits:
- impurity C: not more than 1.25 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (2.5 per cent);

- any otherimpurity: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(1 per cent);

- total: not more than 2.25 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (4.5 per cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained with 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 nitric acidR
and 15 mL of methanolR.

Water (2.5.12)
3.0 per cent to 4.5 per cent, detemrined on 0.500 g.

ASSAY
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in 5 mL of methanolR 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 (a) Dissolve 25.0 mg of mupirocin
lithium CRS in 5 mL of methanolR 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 add R and allow to stand for 20 h.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
"- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn).

Mobilephase Mix 19 volumes of 'water for chromatography R,
32 volumes of tetrahydrcfuran R and 49 volumes of a
10.5 gIL solution of ammonium acetate R adjusted to pH 5.7
with acetic acidR.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 230 nm.

Injection 20 flL.
System suitability:
- resolution: minimum 7.0 between the 2nd of the 2 peaks

due to hydrolysis products and the peak due to mupirocin
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 CS2H86Ca018 using the
chromatogram obtained with reference solution (a) and
taking into account the assigned content of mupirocin
lithium CRS and a conversion factor of 1.038.

IJ\tlPURITIES
Specified impurities C.
Otherdetectable impurities (the folZo'wing 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
criterion for other/unspecified impurities. It is therefore not
necessary to identify these impurities for demonstration of
compliance. See also 5.10. Controlof impurities in substances for
pharmaceutical use) A, B., D~ E~ F) G, H) 1.

2020

A. 9-[[(2E)-4-[(2S,3R,4R,5R)-3,4,5-trihydroxy-5-[[(2S,3S)3
[(1S,2S)-2-hydroxy-l-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;5S)- 3,4-dihydroxy-5-[(2E,4R,5S)
5-hydroxy-4-methylhex-2-enyl] tetrahydro-2H-pyran-2-yl]
3-methylbut-2-enoyl]oxy]nonanoic acid (pseudomonic
acid C),

C. (4E)-9-[ [(2.E)-4-[(2S,3R,4R,5S) -3,4-dihydroxy-5-
[[(2S,3S)3- [(1S,2.5') -2-hydroxy-1-methylpropyl]oxiranyl]
methyl] tetrahydro-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,3Sr-r,3-dihydroxy-2
methylbutyl]-7-hydroxyhexahydro-4H-furo[3,2-c]pyran-6
yl]-3-methylbut-2-enoyl] oxy]nonanoic acid,

E. 9-[[(2E)-4-[(2R,3RS,4aS,7S,SS,8aR)-3,8-dihydroxy-2
[(1S,2S)-2-hydroxy-1-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
[(1S,2S)-2-hydroxy-l-methylpropyl] oxiranyl]methyl]
tetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]oxy]
heptanoic acid,
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____________________ PhEur

Mycophenola~e Mofetil

Comparison mycophenolate mofetil CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).

Dissolve 0.10 g in ethanol (96 percent) R and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Protect the solutions from
light. Prepare the solutions immediately before use, or store them at
4-8 °C. Keep the temperature of the autosampler at 10 0 CJ allow
the temperature of the solutions to equilibrate in the vials jor
15 min before injection.

Testsolution Dissolve 20 mg of the substance to be
examined in acetonitrile R and dilute to 10 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 5 mg of mycophenolate mofetil
for peak identification CRS (mycophenolate mofetil with
impurities A, B, D, E, F, G and H) in acetonitrile Rand
dilute to 2.5 mL with the same solvent.

Column:
- size: l =0.25 m, 0 =4.6 mm,
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn),
- temperature: 45 De.
Mobile phase Mix 350 mL of acetonitrile R with a mixture of
650 mL of waterR and 2.0 mL of triethylamine R previously
adjusted to pH 5.3 with dilute phosphoric acid R.

Flow rate 1.5 mlJrnin.
Detection Spectrophotometer at 250 nm.

Injection 10 JlL.
Run time 3 times the retention time of mycophenolate
mofetil.

Relative retention With reference to mycophenolate mofetil
(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.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and impurity H,
- the chromatogram obtained is similar to the

chromatogram supplied with mycophenolate mofetil for peak
identification CRS.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity B by 2.1,
- impurity F: not more than 5 times the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.5 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),

- impurities A, D, B, OJ H: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent),

- any 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),

128794-94-5433.5

(Ph. Bur. monograph 1700)

DEFINITION
2-(Morpholin-4-yl)ethyl (4E)-6-(4-hydroxy-6-methoxy-7
methyl-3-oxo-1,3-dihydroisobenzofuran-5-yl)-4-methylhex-4
enoate.

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,
sparingly soluble in anhydrous ethanol.

mp
About 96 -c.
IDENTIFICATION
Infrared absorption speetrophotometry (2.2.24).

H ~C02Ho i CH
CH CI . 3

H,C • ~H,. ~ H-c,(U'(:YLMa

~:'Y
OH OH HO H 0

Action and use
Inhibitor of nucleic acid synthesis; immunomodulator.

H~3C0 7 CH3 ~C02H
H3G <...~. H.. ... H O· .

" OH
HO HO H 0

H ~C02Ho i CHCH . OH ' 3

H
3C

*. 9.H3
'. ?.H HH.,.(un\ H

v n

a ..
~:'Y

OH CI HO H 0

H.9-[[(2E)-4-[(2S,3R,4R,5S)-5-(3-chloro-2,5-dihydroxy-4
methylhexyl)-3,4-dihydroxytetrahydro-2H-pyran-2-yl]-3
methylbut-2-enoyl]oxy]nonanoic acid,

G. 9-[[(2E)-4-[(2S,3R,4R,5S)-5-(2-chloro-3,5-dihydroxy-4
methylhexyl)-3,4-dihydroxytetrahydro-2H-pyran-2-yl]-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.
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and enantiomer

OCH3

E. methyl (4E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-1 ,3
dihydroisobenzofuran-5-yl)-4-methylhex-4-enoate,

0t¢::::• H3~YI
o I . '0~O and enantiomer

# OCH3

CH3

D. 2-(morpholin-4-yl)ethyl (4E):"6-(4,6-dimethoxy-7-methyl
3-oxo-1,3-dihydroisobenzofuran-5-yl)-4-methylhex-4
enoate,

G. 2-(morpholin-4-yl)ethyl (4E)-6-(4-hydroxy-6-:-methoxy-7
methyl-3-oxo-1 ,3-dihydroisobenzofuran-5-yl)-4
methylhex-4-enoate N-oxide,

F. (4E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo 1,3
dihydroisobenzofuran-5-yl)-4-methylhex-4-enoic acid
(mycophenolic acid),

H. 7-hydroxy-5-methoxy-4-methyl-6-[2-[(2RS)-2-methyl-5
oxotetrahydrofuran-2-yl] ethyl]isobenzofuran-1 (3H)-one.

~ PhEur

O~Nl

~O

OH CH3

A. 2-(morpholin-4-yl)ethyl (4E)-6-(4,6-dihydroxy-7-methyl
3-oxo-1,3-dihydroisobenzofuran-5-yl)-4-methylhex-4
enoate,

- 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).

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 0.400 gin 50 mL of anhydrous acetic add R. Titrate
with 0.1 M perchloric add determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 43.35 mg
of C23H31N07'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, D, B, F, G, H.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneorotherof the tests
in the monograph. They arelimitedby 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 for pharmaceutical use) C.

B. 2-(morpholin-4-yl)ethyl (4E)-6-[(lRS)-4-hydroxy-6
methoxy-7-methyl-1- [2-(morpholin-4-yl)ethoxy] -3-oxo
1,3-dihydroisobenzofuran-S-yl]-4.:.methylhex-4-enoate,

Mycophenolate Sodium
(ph. Bur. monograph 2813)

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

Action and use
Inhibitor of nucleic acid synthesis; immunomodulator.

C. 2-(morpholin-4-yl)ethyl (4Z)-6-(4-hydroxy-6-methoxy-7
methyl- 3-oxo-1 ,3-dihydroisobenzofuran-5-yl)-4
methylhex-4-enoate,

342.3 37415-62-6
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DEFINITION
Sodium (4E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-l,3
dihydro-2-benzofuran-5-yl)-4-methylhex-4-enoate.

Semi-synthetic product derived from a fermentation product.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
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 state show differences,
dissolve the substance to be examined and the reference
substance separately ill methanol R, evaporate to dryness and
record newspeetra using the residues.

B. It gives-reaction (a) of sodium (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture methanol R2, water for chromatography R
(10:90 VIV).

TeST: solution Dissolve 40.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture. Dilute 5.0 mL of this solution to
50.0mL with the solvent mixture.

Reference solution (a) Dissolve 40.0 mg of mycophenolate
sodium CRS in the solvent mixture and dilute to 50.0 mL
with the solvent mixture. Dilute 5.0 rnL of this solution to
50.0 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 20.0 mL with the solvent mixture.

Reference solution (c) In order to prepare impurity A in situ,
dissolve 2 mg of the substance to be examined in waterR
and dilute to 25 mL with the same solvent. Transfer 5 mL of
this solution to a vial, seal the vial and heat at about 80 DC
for 2-6 h.

Column:
- size: l = 0.25 m, 0 = 3.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 50 DC.

Mobile phase:
- mobile phase A: phosphoric acidR, acetonitrile R1, waterfor

chromatography R (0.2:100:900 VIVIV);
- mobile phase B: phosphoric acidR, waterfor

chromatography R, acetonitrile R1 (0.2:200:800 VIVIV);

Time
(min)

Mobile phase A
(per cent VIV)

Mobile phase B
(per cent VIV)

Detection Spectrophotometer at 216 nm.

Injection 10 ul, of the test solution and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity A.

Relativeretention With reference to mycophenolic acid
(retention time = about 19 min): impurity A = about 0.9.

System suitability:
- resolution: minimum 3.0 between the peaks due to

impurity A and mycophenolic acid in the chromatogram
obtained with reference solution (c);

- signal-to-noise ratio: minimum 25 for the principal peak in
the chromatogram obtained with reference solution (b).

Calculation ofpercentage contents:
- correction factor. multiply the peak area of impurity A by

1.4;
- for each impurity, use the concentration of mycophenolate

sodium in reference. solution (b).

Limits:
- impurityA: maximum 0.1 per cent;
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- total: maximum 0.1 per cent;
- reporting threshold: 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 DC for 4 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 (a).

Calculate the percentage content of C17H19Na06 taking into
account the assigned content of mycophenolate sodium CRS.

IMPURITIES
Specified impurities A.

and enantiomer

A. 7-hydroxy-5-methoxy-4-methyl-6-[2-[(2RS)-2-methyl-5
oxotetrahydrofuran-2-yl]ethyl]-2-benzofuran-1 (3H)-one.

_____________--'- PhEur

Nabumetone
(Ph. Bur. monograph 1350)

Action and use
Cyclo-oxygenase inhibitor; analgesic; anti-inflammatory.

0-2

2 - 37

37 - 42

Flow rate 0.8 mlJmin.

90

90 -lo 10

10

10

10 ->- 90

90

228.3 42924-53-8

www.webofpharma.com



II-356 Nabumetone 2020

PhEur _

Preparations
Nabumetone Oral Suspension
Nabumetone Tablets

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 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 necessary 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.

o

A. 3_(6_methoxynaphthalen-2-Yl)-5-methYICYcloh:exanone,

Detection Spectrophotometer at 254 nm.

Injection 20 JlL of test solution (a) and reference
solutions (b), (c) and (d).

Retention time Nabumetone = about 11 min.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

nabumetone and impurity D.

Limits:
- impurityF: not more than the area of the principal peak in

the chromatogram obtained with reference solution (c)
(0.3 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);

- sum of impurities otherthan 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 obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 0.2 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 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 after 6 injections.

Calculate the percentage content of ClsH160Z from the
declared content of nabumetone CRS.

o
o~ 100

100

Mobile phase B
(per cent VIJl)

100

100 ...... 0

o

Mobile phase A
(per cent VJ1')

Time
(min)

0-12

12 - 28

28 - 33

Flow rate 1 mIJmin.

DEFINITION
4-( 6-Methoxynaphtb.alen-2-yl)butan-2-one.

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, 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 solution (aJ Dissolve 50.0 mg of the substance to be
examined in acetonitrile R and dilute to 10.0 mL with the
same solvent.

Test solution (b) Dilute 1.0 mL of test solution (a) to
25.0 mLwith acetonitrile R. Dilute 1.0 mL of this solution to
5.0 mL with acetonitrile R.
Reference solution (aJ Dissolve 20.0 mg of nabumetone CRS
in acetonitrile R and dilute to 10.0 mL with the same solvent.
Dilute 1.0 mL of this solution to 50.0 mL with acetonitrile R.

Reference solution (b) Dilute 0.5 mL of test solution (a) to
100.0 mL with acetonitrile R.
Reference solution (c) Dissolve 1.5 mg of nabumetone
impurity F CRS in acetonitrile R and dilute to 100.0 mL with
the same solvent.

Reference solution (d) Dissolve 4 mg of nabumetone
impurity D CRS in acetonitrile R and dilute to 100 mL with
the same solvent. To 5 mL of this solution, add 5 mL of test

- solution (b).

Column:
- size: 1= 0.15 m, 0 =4.6 nun;
- stationary phase: base-deactioated octadecylsilyl silica gelfor

chromatography R (4 um);
- temperature: 40 "C,

Mobilephase:
- mobile phaseA: mix 12 volumes of tetrahydrofuran R,

28 volumes of acetonitrile for chromatography Rand
60 volumes of a 0.1 per cent V/V solution of glacial acetic
acid R in carbon dioxide-free water R prepared from distilled
waterR;

- mobile phase B: mix 24 volumes of tetrahydrofuran R,
56 volumes of acetonitrile for chromatography Rand
20 volumes of a 0.1 per cent V/V solution of glacial acetic
acid R in carbon dioxide-free water R prepared from distilled
waterR;
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o

Mobile phase B
(per cent V/fI)

Mobile phase A
(per cent V/fI)

Time
(min)

TESTS
Racemate content
Infrared absorption spectrophotometry (2.2.24).

Prepare a mull in liquidparaffinR of the substance to be
examined (dried substance), adjusting the thickness of the
mull to give an absorbance reading of 0.6 ± 0.1 at
1587 em-1. Record the spectrum from 1667 to 1111 cm'",
using liquid paraffin R as reference. Measure the
absorbance A a, corresponding to racemate A, at the
maximum at 1266 cm'" and the absorbance A b,

corresponding to racemate B, at the maximum at 1250 cm'".
The ratio Aa/A b 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 solutions
immediately before use.

Solvent mixture acetonitrile Rl, water R (20:80 V/Jl).
Testsolution Dissolve 0.100 g of the substance to be
examined in 4.0mL 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 100.0 mL with the solvent mixture.

Reference solution (b) Dissolve the contents of a vial of
nadolol impurity mixtureCRS (impurities A and D) in 1.0 mL
of reference solution (a).

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 Jl111);
- temperature: 40°C.

Mobile phase: \
- mobile phaseA: 5.6 glLsolution of sodium octanesulfonate R

adjusted to pH 3.5 with a 300 gIL solution of phosphoric
acidR;

- mobile phaseB: acetonitrile Rl;its epimer at C*
and

their enantiomers

H OH

~CH3 andenantiomer

H3CO~

C. (2RS)-4-(6-methoxynaphthalen-2-yl)butan-2-ol,

(Ph. Bur. monograph1789)

l:hCO

D. (.E)-4-(6-methoxynaphthalen-2-yl)but-3-en-2-one,

F. 6,6'-dimethoxy-2,2'-binaphthalenyl.

Nadolol

E. 1,5-bis( 6-methoxynaphthalen-2-yl)pentan-3-one,

PhEur _

DEFINITION
cis-5-[(2RS)-3-[(1, I-Dimethylethyl)amino]-2
hydroxypropoxy]-1,2,3,4-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 (2.2.24).

Comparison nadolol CRS.

Flow rate 1 mUmin.

Detection Spectrophotometer at 206 nm.

Injection 20 JlL.
Identification of impurities Use the chromatogram supplied
with nadolol impurity mixture CRS 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 AJ CJ 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);

23

23 35

35 45

45

77

77 65

65 55

55

0-7

7 - 30

30 - 35

35 - 55

42200-33-9309.4

Action and use
Beta-adrenoceptor antagonist.
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- 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).

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
vacuo at 60 DC 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 acetic acid R.
Titrate with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchlotic acid is equivalent to 30.94 mg of
C17Hz7N04'

IMPURITIES
Specified impurities A, C~ D.

Other detectable impurities (the following substances toould, if
present at a sufficient leoel, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impuritiesfor
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B~ E~ F, G.

H0t&H\OH
H" 'H ,OH its epimer at C"

o ' OH and:1 ~ thelr enandomers

A. cis-5- [(2RS)-2,3-dihydroxypropoxy]-1,2,3,4
tetrahydronaphthalene-2,3-diol (tetraol),

2020

D.5,5'-[[(I,I-dimethylethyl)iInino]bis[(2-hydroxypropane
1,3-diyl)oxy]]bis(cis-1,2,3,4-tetrahydronaphthalene-2,3
diol) (10 stereoisomers),

its epimer at C"
and

their enantiomers

E. czs-5-[(2RS)-3-[(1,I-dimethylethyl)amino]-2
hydroxypropoxy]-8-iodo-1 ,2,3,4-tetrahydronaphthalene
2,3-diol,

F. (2RS)-1-[(1,1-dimethylethyl)amino]-3-(naphthalen-1
yloxy)propan-2-01,

C(y H pH H

~ o~ NXCH3 and enantionier

~ I H3C CH3

G. (2RS)-1-[(1,1-dimethylethyl)amino]-3-[(5,6,7,8
tetrahydronaphthalen-1-yl)oxy]propan-2-ol.

____________________ PhEur

Nadroparin Calcium
(Ph. Bur. monograph 1134)

B. cis-5- [(2RS)-2-hydroxy-3-methoxypropoxy]-1,2,3,4
tetrahydronaphthalene-2,3-diol,

H'0t&H.• OH
H-- H OH

.:;? 0~OCH3

~I

its epimer at C"
and

their enantiomers

C. 5,5'-[(2rs)-2-hydroxypropane-1,3-diylbis(oxy)]bis(cis
1,2,3,4-tetrahydronaphthalene-2,3-diol)
(3 diastereoisomers),

°....80
3
•

R =H or 803e/2 Ca) • R' =H or 803C/2 Ca) or CO-CH 3

R2 =Hand R3 =CO2(112Ca) or R2 =CO2(112Ca) and R3 =H

Action and use
Low molecular weight heparin.

PhEur _

DEFINITION
Calcium salt of low-molecular-mass heparin obtained by
nitrous acid depolymerisation of heparin from pork intestinal
mucosa, followed by fractionation to eliminate selectively
most of the chains with a molecular mass lower than 2000.
The. majority of the components have a 2-Q-sulfo-(X-L
idopyranosuronic acid structure at the non-reducing end and
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a 6-0-sulfo-2,5-anhydro-n-mannitol structure at the reducing
end of their chain.

N adroparin calcium ComplIes wz"th the monograph Low-molecular
mass heparins (0828) 'llJith the modifications and additional
requirements below.

The mass-average relative molecular mass ranges 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 ill and not more than
130 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 lla activity is between 2.5 and 4.0.

IDENTIFICATION
Carry out identification test A as described in the monograph
Low-molecular-mass heparins (0828) using nadroparin
calcium CRS.

Carry out identification test G as described in the monograph
Low-molecular-mass heparins (0828). The following
requirements apply. ~'"

The mass-average relative molecular mass ranges between
3600 and 5000. The masspercentage of chains lower than
2000 is not more than 15 per cent. The mass percentage of
chainsbetween 2000 and 8000 ranges between 75 per cent
and 95 i,per cent. The 'mass percentage of chains between
2000 and 4000 ranges between 35 per cent and 55 per cent.

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution Y5 (2.2.2, Method II).

Dissolve 0.5 g in water R and dilute to 10 mL with the same
solvent.

Ethanol
Head-space gas chromatography (2.2.28).

Internalstandardsolution Dilute 1.0 mL of 21Jropanol R to
100.0 mL with water R. Dilute 1.0 mL of the solution to
50.0 mL with water R.
Blank solution 1.0 mL of materR.

Test solution (a) To 10.0 mg of the substance to be
examined, add 1.0 mL of materR.
Test solution (b) To 10.0 mg of the substance to be
examined, add 0.50 mL oftoater R and 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 water R.

Reference solution (b) To 050 mL of reference solution (a),
add 0.50 mL of the internal standard solution.

Column:
- material: nickel;
- size: I = 1.5 m, (2) =2 mm.;
- stationary phase: ethyl~ene-divinylbenzene

copolymer R (150-180 IBU).

Carrier gas heliumfor chromatography R or nitrogen for
chromatography R.

Flow rate 30 mIJmin.
Static head-space conditions rIrat: may beused:
- equilibration temperature: 90.JC;
- equilibration time: 15 min;
- pressurisation time: 1 min.
Temperature:
- column: 150°C;

Nadroparin Calcium 11-359

- injection port and detector. 250 "C.

Detection Flame ionisation.

Identification of peaks Use the chromatogram obtained with
reference solution (b) to identify the peaks due to ethanol
and 2-propanol.

Retention time Ethanol =about 2.5 min; 2-propanol = about
4 min.

Calculate the percentage content m/m of ethanol taking its
density at 20°C to be 0.792 glmL.

Limit:
- ethanol: maximum 1.0 per cent m/m.

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 of 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

argon 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 turn connected to a chemiluminescence detector.
Suitable tubing ensures the junctions are leak-free.

Preparation of the chemiluminescence 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 mlJmin.

Preparation of the bubble trap In each bubble trap, place
30 mL of a 300 gIL solution of sodium hydroxide R in
waterR.

Preparation of the cold traps.
- Trap at -120°C: Slowly add liquid nitrogen to an

isothermic flask containing 250 mL of anhydrous ethanolR
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 isothermic flask
prepared as described.

Dryingof the 500 mL borosilicate-glass 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 the
chemiluminescence detector.

Test solution Dry the substance to be examined for 12 h
over diphosphorus pentoxide Rat 60°C under vacuum.
Dissolve 0.10 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 mLof nitrosodipropylamine
solution R in 6.0 mL of anhydrous ethanol R. Dilute 0.1 mL of
the solution obtained in 1.0 mL of treated formamide R. (This
solution is equivalent to 0.05 ppm of N-NO groups).

Place 50 mL of treated ethylacetate R in the dry 500 mL
borosilicate glass round-bottomed flask equipped with a
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.
VACUUM
4mmHg

CHEMILUMINESCENCE
DETECTOR

Liq. Nz/ETHANOL Liq. Nz/2-METHYLBUTANE
-120°C -160°C

(COLD TRAPS)

RECORDER

TREATED
ETHYL ACETATE

+ HBr

SEPTUM
INJECTION

HEATER

t
.--..

~-15°C

~
~
~

~

Flask: round-bottom borosilicate glass flask equipped with a central rodavis joint, a torion joint on the left neck and a 15 rom screw joint on the right neck; septum:
siliconematerial, diameter 14 rom and thickness 3.5 mm.
Condenser: height 21 em and internal diameter 3 em, with a lower rodavis joint and an upper torion joint.
Bubbletraps: height 24 em and internal diameter 2.5 em; internal tubing: length 23 em and internal diameter 0.5 em. Equipped with a centrally positioned rotulex
mounting with torion joints on the inlet and outlet.
Coldtraps: height 16.5 em and internal diameter 4 em; internal tubing: length 14 em and internal diameter 1.3 em. Equipped with torion joints on the inlet and
outlet and placed in an isothermic flask: internal depth 22 em and internal diameter 8 em.
Tubing: fluorinated ethylene propylene material, internal diameter 3.2 rom and thickness 0.8 rom.

Figure 1134.-1. - Apparatus usedfor the assay of N-NO groups

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, the vacuum reaches
4 mmHg.

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 of water R,
2.0 mL of dilute hydrobromic add R and then another 2.0 mL
of dilute hydrobromic acid R, making sure that the recorder
pen has returned to the baseline between each injection.

Inject 50.0 JlL of the reference solution, then 50.0 J.tL 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
distilled waterR (5 ppm of sulfate ions).

Column:
- size: I = 50 mm, (2) = 4.6 mm.;
- stationary phase: anion-exchange resin.

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 sulfuric acid R, at a flow rate of
4 mlJmin.
Mobile phase:
- mobile phaseA: 1.91 gIL solution of disodium tetraborate R;
- mobile phaseB: 0.1 j\;[ sodium hydroxide;
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PhEur --------------

____---------------- PhEur

Nafti~rofu ryl·· ·Oxalate

B. Dissolve 05 gin sxuer R and dilute to 10 rnL with the
same solvent. Add 2.0 mL of calcium chloride solution R.
A white precipitate is fanned. The precipitate dissolves after
the addition of 3 ..0 mL of hydrochloric acidR.

TESTS
Absorbance (2.2.1.5)
Maximum 0.1 at 430 nm.

Dissolve 1.5 g in water R and dilute to 10 mL with the same
solvent. If necessary use an ultrasonic bath.

Related substances
A. Liquid chromatography (2.2.29).

Test solution Dissolve 80.0 mg of the substance to be
examined in the mobile phase. and dilute to 20.0 mL with
the mobile phase. Sonicate for lOs. A precipitate is formed.
Filter through a membrane filter (nominal pore size
0.45 urn), discarding the first 5 mL. Use a freshly prepared
solution.
Reference solution (a) Dissolve 5.0 mg of naftidrofuryl
impurityA CRS in ar:etonitn1e R and dilute to 25.0 mL with
the same solvent. Dilute 1.0 mL of the solution to 50.0 mL
with the mobile phase.

Reference solution (b) Dissolve 5 mg of naftidrofuryl
impurityB 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: l =0.25 m, 0 =4.6 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.l.Il1).

Mobile phase Mix 60 mL of methanol R with 150 mL of
tetrabutylammoniumbuffer_solution pH 7.0 Rand dilute to
1000 mL with acetunitriIe R.
Flow rate 1 mUmin..
Detection Spectrophotometer at 283 nm.

Injection 20!1L.

Run time 2.3 times the retention time of naftidrofuryl.

Relativeretention WIth reference 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):
- resolution: minimum 3.0 between the peaks due to

impurity B and naftidrofuryl.

Limits:
- impurities A, 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);

- any otheri~= 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: 0.2 times the area of the principal peak
in the chromatogram obtained with reference
solution (a) (0.02 per cent).

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,
filter and evaporate the filtrate by suitable means at a
temperature not exceeding 30°C. Take up the residue with

3200-06-4

a
a -> 100

100

Mobile phase B
(per cent V/JI)

473.6

100

100 --. a
a

Mobile phase A
(per cent V/JI)

WJ: 0~(-=:H'
I H" 0

~

H' 0 and stereoisomers

Time
(min)

0-15

15 - 15.5

15.5 - 25.5

Action and use
Vasodilator.

Preparation
Naftidrofuryl Capsules

(Naftidrofuryl Hydrogen Oxalate, Ph. Bur. monograph
1594)

DEFINITION
Mixture of 4 stereoisomers of 2-(diethylamino)ethyl
2-[ (naphthalen-1-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).

Preparation Dissolve 1.0 g 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, filter and evaporate the filtrate by
suitable means at a temperature not exceeding 30 "C.
Use the residue obtained.

Comparison Ph. Bur. reference spectrum of naftidrofuryl.

Flow rate 1.0 mIJmin.

Detection Conductivity detector with a sensitivity of 30 J..lS.

Injection 50~.

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, if necessary, to obtain the
prescribed retention time.

Limit:
- free sulfates: maximum 0.5 per cent.
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methylene chloride R and dilute to 20.0 mL with the same
solvent.

Test solution (0) Dilute 1.0 mL of test solution (a) to
10.0 mL with methylene chloride R.

Reference solution Dissolve 5 mg of naftidrofuryl
impurity F CRS in methylene chloride R and dilute to 50 mL
with the same solvent.

Column:
- material: fused silica;
- size: l = 25 ill, 0 = 0.32 mm;
- stationary phase: poly(dimethyl) (diphenyl)sz7oxane R (film

thickness 0.45 urn).

Carnergas helium for chromatography R.

Splitterflow rate 25 mllmin.
Flow rate 2.9 mIJmin.

Temperature:

Detection Flame ionisation.

Injection 1 ~L.

Relativeretention With reference to the second eluting peak
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).

System suitabt7ity Test solution (b):
- resolution: minimum 1.0 between the 2 peaks due to

the diastereoisomers ofnaftidrofuryl.

Limits Test solution (a):
- impurityF: for the sum of the areas of the 2 peaks,

maximum 0.20 per cent of the stun of the areas of the
2 peaks due to naftidrofuryl (0.20 per cent);

- impuriiyE: maximum 0.20 per cent of the. sum of the
areas of the 2 peaks due to naftidrofuryl
(0.20 per cent);

- impurityD: maximum 0.10 per cent of the stun of the
areas of the 2 peaks due to naftidrofuryl
(0.10 per cent);

- any other impurity: for each impurity, maximum
0.10 per cent of the sum of the areas of the 2 peaks
due to nafudrofuryl (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 per cent'of the sum of the areas of
the 2 peaks due to naftidrofuryl (0.02 per cent);
disregard any peaks due to impurity B.

Diastereoisomer ratio
Gas chromatography (2.2.28) as described in test B for
related substances.

Limits Test solution (b):
~ first eluting naftidrcfury! diastereoisomer: minimum

30 per cent of the sum of the areas of the 2 peaks due to
nafticlrofuryl.

and stereoisomers

(CH3

~N~CH3
o and enantiomer

,;;::?

o j

~
o ~[::H'
• 0 and enantiomer

H"
o

C. 2-(diethylamino)ethyl 3-(naphthalen-l-yl)-2-[(naphthalen
1-yl)methyl]propanoate,

~
~ 0

# »<:

""'- I H 0 CH
3

~ and stereoisomers

H 0

A. 2- [(naphthalen-1-yl)methyl] -3-( tetrahydrofuran-2-yl)
propanoic 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 0.350 gin 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchlorie acid is equivalent to 47.36 mg
of C26H3SN07.

IMPURITIES
Specified impurities A, B, C, D, E, F.

E. 2-(diethylamino)ethyl (2RS)-2-[(furan-2-yl)methyl] -3
(naphthalen-1-yl)propanoate,

D. 2-(diethylamino)ethyl 3- [(2RS)-tetrahydrofuran-2-yl]
propanoate,

B. ethyl 2-[ (naphthalen-1-yl)methyl] -3-( tetrahydrofuran-2-yl)
propanoate,

210

210 -> 230

230 -> 260

260

290
290

Tem.perature
eC)

Time
(min)

0-4

4-8

8 - 18

18 - 30

Column

Injection port

Detector
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____________________ PhEur

Nalidixic Acid

20 - 30

30 - 35

35

35 - 70
70

Mobile phase B
(per cent VIJI)

80 -70

70 - 65

65

65 - 30

30

Mobile phase A
(per cent VIJI)

Time
(min)

0-10

10 - 20

20 - 35

35 - 45

45 - 62

Reference solution (b) Dissolve 5.0 mg of nalidixic acid
impurity C CRS in the solvent mixture and dilute to 50.0 mL
with the solvent mixture. Mix 1.0 mL of this solution and
10.0 mL of the test solution and dilute to 50.0 mL with the
solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 rum;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40 "C.

Mobile phase:
- mobile phase A: solution containing 0.2 gIL of sodium

heptanesulfonate monohydrate Rand 2.3 gIL of ammonium
dihydrogen phosphate R, adjusted to pH 2.5 with phosphoric
acidR;

- mobile phase B: acetonitrile R, methanol R (10:90 VIV);

389-08-2232.2

(ph. Bur. monograph 0701)

F. 2-(diethylamino)ethyl 2-[ (naphthalen-2-yl)methyl]-3
(tetrahydrofuran-2-yl)propanoate.

Action and use
Quinolone antibacterial.

Preparations
Nalidixic Acid Oral Suspension

Nalidixic Acid Tablets

PhEur _

DEFINITION
1-lE~yl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3

carboxylic acid.

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

CHARACTERS
Appearance
Almost white or pale yellow, crystalline powder.

Solubility
Practically insoluble in water, soluble in methylene chloride,
slightly soluble in acetone and in ethanol (96 per cent).
It dissolves in dilute solutions of alkali hydroxides.

mp
About 230 -c.
IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nalidixic acid CRS.

TESTS
Absorbance (2.2.25)
Maximum 0.10 at 420 om.

Dissolve 1.50 g in methylene chloride R and dilute to 50.0 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, methanol R (50:50 VIV).

Testsolution Dissolve 40.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Reference solution (a) 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.

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 230 run.

Injection 10 IlL.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity e.
Relative retention "With reference to nalidixic acid (retention
time = about 40 min): impurity e = about 1.02.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

nalidixic acid and impurity e.
Calculation of percentage contents:
- for impurity e, use the concentration of impurity C in

reference solution (b);
- for impurities other than e, use the concentration of

nalidixic acid in reference solution (a).

Limits:
- impurity C: maximum 0.05 per cent;
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 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.

ASSAY
Dissolve 0.150 gin 10 mL of methylene chloride R and add
30 mL of 2-propanol Rand 10 mL of carbon dioxide-free
water R. Keep the titration vessel covered and pass nitrogen R
through the solution throughout the titration. Keep the
temperature of the solution between 15 "C and 20 "C.
Titrate with 0.1 M ethanolic sodium hydroxide, determining the
end-point potentiometrically (2.2.20) using a silver-silver
chloride comparison electrode with a sleeve diaphragm or a
capillary tip, filled with a saturated solution of lithium
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____________________ PhEur

PhEur _

DEFINITION
4,5ct-Epoxy-3,14-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
Freely soluble in water, soluble in ethanol (96 per cent),
practically insoluble in toluene.

IDENfIFICATION
Firstidentification: A, C.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison naloxone hydrochloride dihydrate CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 8 mg of the substance to be examined
in 0.5 mL of waterR and dilute to 1 mL with methanol R.

Reference solution Dissolve 8 mg of naloxone hydrochloride
dihydrate CRS in 0.5 mL of waterR and dilute to 1 mL with
methanol R.
Plate TLC silica gel G plateR.

Mobile phase Mix 5 volumes of methanol R and 95 volumes
of the upper layer from a mixture of 60 mL of dilute
ammonia R2 and 100 mL of butanol R.

Application 5~.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with a freshly prepared 5 gIL solution of
potassium ferricyanide R in ferric chloride solution R1; 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, Method II).

Acidity or alkalinity
To 10.0 mL of solution S add 0.05 mL of methyl red
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 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
carbonate R in 950 mL of 'water for chromatography R, adjust
to pH 9.0 with concentrated ammonia R and dilute to
1000 mL with waterfor chromatography R.

51481-60-8399.9

(Naloxone Hydrochloride Dihydrate, Ph. Bur.
monograph 0729)

Action and use
Opioid receptor antagonist.

Preparation
Naloxone Injection

B. ethyl 7-methyl-4-oxo-l ,4-dihydro-l,8-naphthyridine-3
carboxylate,

chloride R in anhydrous ethanol R, and a glass indicator
electrode.

1 mL of 0.1 M ethanolic sodium hydroxide is equivalent to
23.22 mg of ClzHlZNz03.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities C.
Otherdetectable impurities. (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby the general acceptance
criterion for otherhmspecified impurities 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) A, B, D.

D. 1,1 '-oxydibenzene.

A. 6-methylpyridin- 2-amine,

c. diethyl (ethoxymethylidenejpropanedioate,

Naloxone Hydrochloride
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.Nlobz7e phase:
- mobile phase A: acetonitrile R, tetrahydrofuran R, solution A

(2:4:94 VIVIV);
- mobile phase B: tetrahydrofuran R, acetonitrile R, solution A

(4:17:79 VIVIV);

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 230 nm.
Injection 20 j..tL.

Relativeretention With reference 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 of impurities Use the chomatogram supplied
with naloxone for peak identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D, E and F.
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
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to naloxone.

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 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 area of the principal peak in the
chromatogram obtained with 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 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)
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 gin 50 mL of ethanol (96 percent) R and add
5.0 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.20), using 0.1 M ethanolic sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 M ethanolic sodium hydroxide is equivalent to
36.38 mg of C19H22CIN04-

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F.

Other detectable impurities (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 thegeneral acceptance

Testsolution Dissolve 0.500 g of the substance to be
examined in a 10.3 gIL solution of hydrochloric acidRand
dilute to 20.0 mL with the same solution.

Reference solution (a) Dissolve 10.0 mg of naloxone
impurity D CRS in a 10.3 gIL solution of hydrochloric acidR
and dilute to 20.0 rnL with the same solution. Dilute 5.0 mL
of this solution to 100.0 mL with a 10.3 g/L solution of
hydrochloric acidR.

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 100.0 mL with a 10.3 gIL solution of hydrochloric acidR.
Reference solution (c) To 4.0 mL of the test solution add
2.0 mL ofreference solution (a) and dilute to 20.0 mL with
a 10.3 g/L solution of hydrochloric acidR.

Column:
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40°C.

Mobz7e phase:
- mobile phase A: acetonitrile Rl, solution A (20:80 VIV);
-mobile phase B: acetonitrile Rl, solution A (40:60 VIV);

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent V/JI)

0- 50 100 a
50 - 51 100 -> a a -> 100

51 - 60 a 100

Flow rate 2.0 mllmin.
Detection Spectrophotometer at 210 nm.
Injection 10 ul, of the test solution and reference
solutions (b) and (c).

Relative retention With reference to naloxone (retention
time =about 50 min): impurity D =about 0.8.

System suitabz7ity Reference solution (c):
- symmetry factor: maximum 1.8 for the peak due 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).

Solution A Dissolve 1.10 g of sodium octanesulfonate R in
950 mL of waterfor chromatography R, adjust to pH 2.0 with
a 50 per cent VIV solution ofphosphoric acidR, filter and
dilute to 1000 mL with waterfor chromatography R.
Testsolution Dissolve 0.125 g of the substance to be
examined in a 10.3 gIL solution of hydrochloric add Rand
dilute to 25.0 mL with the same solution.

Reference solution (a) Dissolve the contents of a vial of
naloxone for peak identification CRS (containing
impurities A, B, C, D, E and F) in 1 mL of a 10.3 gIL
solution of hydrochloric acidR.
Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with a 10.3 gIL solution of hydrochloric add R.
Dilute 1.0 mL of this solution to 25.0 mL with a 10.3 gIL
solution of hydrochloric acidR.
Column:
- size: 1= 0.125 m, 0 =4.0 mm;
- stationary phase: end-capped oetylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40°C.

Time
(min)

0-40

40 - 50

Mobile phase A
(per cent VIJ!)

100 -> a
a

Mobile phase B
(per cent VIfl)

a -> 100

100
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criterion for other/unspecified impuritiesand/or by the general
monograph Substances for pharmaceuticaluse (2034). It 'is
therefore not necessary to £dentify these impurities for
demonstration of compliance. See also5.10. Control of £mpurities
in substances for pharmaceuticaluse) G.

A. 4,Sct-epoxy-3, 14-dihydroxymorphinan-6-one .
(noroxymorphone),

2020

G. 4,5ct-epoxy-14-hydroxy-3-methoxy-l 7-(prop-2-enyl)
morphinan-6-one (3-0-methylnaloxone).

____________________ PhEur

Naltrexone Hydrochloride
(ph. Eur. monograph' 1790)

H, N:'v
~ .HO

HO 0 H 0

B. 4,Sct-epoxy-14-hydroxy-17-(prop-2-enyl)-3-(prop-2
enyloxy)morphinan-6-one (3-D-allylnaloxone), 377.9

C.4,Sct-epoxy-3,1Oei.,14-trihydroxy-17-(prop-2-enyl)
morphinan-6-one (1Ocx-hydroxynaloxone),

1).7,8-didehydro-4,5ei.-epoxy-3,14-dihydroxy-17-(prop-2
enyl)morphinan-6-one (7,8-didehydronaloxone),

E. 4,Sct:4',S' ei.-diepoxy-3,3',14,14'-tetrahydroxy-17,17'-bis
(prop-2-enyl)-2,2'-bimorphinanyl-6,6'-dione (2,2'
binaloxone),

F. 4,Sct-epoxy-3,10~,14-trihydroxy-17-(prop-2-enyl)

morphinan-6-one (10~-hydroxynaloxone),

Action and use
Opioid receptor antagonist.

PhEur _

DEFINITION
17-(Cyclopropylmethyl)-4,Sei.-epc>xy-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 almost white powder, very hygroscopic.

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

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Dissolve 20 mg in water R and dilute to S mL with the same
solvent. Make alkaline with dilute ammonia R1. Shake with
10 mL of methylene chloride R, separate the organic layer and
evaporate the solvent. Dry the residue obtained in vacuo.

Comparison naltrexone hydrochloride CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.40 g in carbon dioxide-free 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 Y6 or B6 (2.2.2, Method 11).

Acidity and alkalinity
To 10 mL of solution S, add O.OS mL of methyl red
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.
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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 hydrochloric acidand dilute to 10.0 mL
with the same solvent.

Reference solution (a) Dissolve 5.0 mg of naltrexone
impurity C CRS in 0.1 M hydrochloric acidand dilute to
2.5 mL with the same solvent.

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 rom;
- stationary phase:octadecylsilyl silica gelfor

chromatography Rl (5 um);
- temperature: 40~C.

Mobzlephase:
- mobile phaseA: 1.1 gIL solution of sodium octanesulfonate R

aditisted to pH 2:3 with phosphoric acidR;
- mobile phaseB: acetonitrile R;

Flow rate 1.2 ml./min.

Detection Spectrophotometer at 230 nm.

Equilibration 8 min.

Injection 10 J-tL.
Relative retention With reference to naltrexone (retention
time =about 16 min): impurity A = about 0.4;
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: minimum 2.0 between the peaks due to

naltrexone and impurity C.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity D by 0.4;
- impurities C, D, E, F, G: for each impurity, not more than

twice the area of the peak due to naltrexone in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

- impurities A, B, H, I, J: for each impurity, not more than
the area of the peak due to naltrexone in the
chromatogram obtained with reference solution (b)
(0.1 per cent);

- any other impurity: for each impurity, not more than the
area of the peak due to naltrexone in the chromatogram
obtained with reference solution (b) (0.1 per cent);

- total: not more than 10 times the area of the peak due to
naltrexone in the chromatogram obtained with reference
solution (b) (1.0 per cent);

Time
(min)

0-45

45 - 47

47 - 55

Mobile phase A
(per cent VIJl)

90 -+ 55

55 -+ 90

90

Mobile phase B
(per cent VIJl)

10 -+ 45

45 -+ 10

10

- disregard limit: 0.5 times the area of the peak due to
naltrexone in the chromatogram obtained with reference
solution (b) (0.05 per cent).

Ethanol (2.4.24, SystemA)
Maximum 3.0 per cent.

Testsolution Dissolve 0.25 g of the substance to be
examined in waterR 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.

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

ASSAY
Dissolve 0.200 gin 60 mL of ethanol (96 per cent) R, add
1.0 mL of 0.1 M hydrochloric acid. Carry out a potentiometric
titration (2.2.20), using 0.1 M sodium hydroxide. The curve
shows 3 points of inflexion. Read the volume added between
the first 2 points of inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 37.79 mgof
CzoHZ4ClN04'

STORAGE
In an airtight container. Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, I, J.

A. 17-fonnyl-4,5Cl-epoxy-3,14-dihydroxymorphinan-6-one,

H

~
HO 0 H 0

B. 4,5<x-epoxy-3,14-dihydroxymorphinan-6-one
(noroxymorphone) ,

H N~CH~

~
HO 0 H 0

C. 17-but-3-enyl-4,5cr-epoxy-3,14-dihydroxymorphinan-6
one,
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D. 17,17'-bis(cyc1opropylmethyl)-4,5et.:4',5'a-
diepoxy3,3', 14,14'-tetrahydroxy-2,2'-bimorphinanyl-6,6'
dione (pseudonaltrexone),

2020

J. 17-(cydopropylmethyl)-4,5et.-epoxy-14-hydroxy-3
methoxymorphinan-6-one.

____________________ PhEur

Nandrolone Decanoate
(ph. Eur.. monograph 1992)

E. 3-(cyc1opropylmethoxy)-17-(cyclopropylmethyl)-4,5et.
epoxy-14-hydroxyr.norphinan-6-one,

HH N~

~v
HO a H 0

o

ritW
CH' ~- H

H H

H H
o #

428.7 360-70-3

F. 17-(cyclopropylmethyl)-4,5et.-epoxy-3,1Oc,14
trihydroxymorphinan-c-one,

G. 17-(cyclopropylmethyl)-4,5et.-epoxy-3,10~,14

trihydroxymorphinan-6-one,

H. 17-butyl-4,5et.-epoxy- 3,14-dihydroxymorphinan-6-one,

o H... N:'\7

~
HO a H 0

1. 17-(cyclopropylmethyl)-4,5et.-epoxy-3,14
dihydroxymorphinan-6,10-dione,

Action and use
Anabolic steroid; androgen.

PhEur _

DEFINITION
3-Oxoestr-4-en-17~-yldecanoate.

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, very solubleinethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
A. Melting point (2.2.14): 34 °C to 38 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Comparison nandrolone decanoate CRS.

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 0.20 g in 10 mL of methanolR.

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.
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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 decanoate
for system suitability CRS (containing impurities~ B, C) in
0.5 mL of methylene chloride R.

Plate TLC silica gelplate R.

Mobz7e phase acetone R, heptaneR (30:70 VIV).

Application 10 ul, of the test solution and reference
solutions (b), (c) and (d).

Development Over 2/3 of the plate.

Drying In air.

Detection Treat with alcoholic solution cfsul./u.1U acidR and
heat at 130°C until the spots appear. Examine in ultraviolet
light at 366 nm.

Retardation factors Nandrolone decanoate =about 0.37;
impurity A = about 0.45; impurityB =about 0.55;
impurity C =about 0.58.

System suitabz7ity Reference solution (d):
-the chromatogram shows 4 clearly separated spots.

Limits:
_. impurityA: any spot due to impurity A is not more

'intense than the principal spot in the chromatogram
obtained with reference solution (b) (1.0 per cent);

- impurities B, C: any spot due to impurity B or C is not
more intense than the principal spot in the chromatogram
obtained with reference solution (c) (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 (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanolR. Dilute 1.0 mL oftbis solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 5 mg of nantlrolone decanoate
for peak identification CRS (containing impurities D, ·F, G, H,
I, K, L) in methanol R and dilute to 2.0 mL with the same
solvent.

Column:
- size: 1= 0.15 m, 0 =3.9 mrn,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1lJ1l).

Mobile phase:
- mobile phase A: waterR,
- mobile phase B: acetonitrile R,

Time Mobile phase A Mobile phase B
(min) (per cent VIP) (per cent VIP)

0-5 35 65

5 - 40 35 -+ 0 65 ...... 100

40 - 75 0 100

75 - 80 0 ...... 35 100 --+ 65

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 254 nm.

Injection 20 ilL.
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 I = about 1.2.

Nandrolone Decanoate 11-369

System suitability Reference solution (b):
- peak-to-valley 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
curve separating this peak from the peak due to
nandrolone decanoate.

Limits:
- correction 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;

- impurities D~ F~ G~ H, I, K, L: for each impurity, not
more than 5 times the area of the principal peak in the
chromatogram obtained withreference solution (a)
(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 (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 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
over diphosphorus pentoside R, at a pressure not exceeding
0.7 kPa for 4 h at room temperature.

Sulfated ash (2.4.14)
Maximum 001 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 content of C2sH4403 taking the specific
absorbance to be 407.

STORAGE
Under nitrogen, protected from light and at a temperature of
2 °C to 8°C.

IMPURITIES
Specified impurities A~ B, C~ D~ F~ G~ H, I~ K, L.

Otherdetectable impurities (thefollowing substances toould, if
present at a sufficient leuel, be detected by one or 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 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) E~ J.

o

CHa

A. 3-oxo-5iX-estran-17B-yl decanoate,
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B. 3-methoxyestra-l,3,5(1O)-trien-17~-yl decanoate,

C. 3,3-d.imethoxy-5a.-estran-17~-yl decanoate,

D. 17~-hydroxyestr-4-en-3-one,

o

2020

o

~
H .. H CH3~_H

H H
o #

CH3

I. 3-oxoestr-4-en-17 ~-yl dodecanoate,

J. 5a.-estr-3-ene-3,17~-diyl didecanoate,

K. 3-oxoestr-4-en-17 ~-yl oetanoate,

o

CHO~
-~pf)H ~CH,
O~

E. 6a.-hydroxy-3-oxoestr-4-en-17~-yl decanoate,

o

o
o

CH3

L. 3-oxoestr-4-en-17~-yl nonanoate.
_________________--- PhEur

Naphazoline Hydrochloride
(Ph. Bur. monograph 0730)

F. 3,6-dioxoestr-4-en-17~yl decanoate,

o

oG5
CH3 0

--H
H
.#
H

o #

246.7

Action and use
Alpha-adrenoceptor agonist.

• HCI

550-99-2

G. 3-oxoestra-4,8(14)-dien-17{3-yldecanoate,

o
CH3

0

o~H
H. 3-oxoestr-4-en-17~-yl undecanoate,

PhEur _

DEFINITION
2-(Naphthalen-1-ylmethyl)-4,5-dihydro-1H-imidazole
hydrochloride.

Content
99,0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.
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Solubility
Freely soluble in water, soluble in ethanol (96 per cent).

mp
about 259 DC, with decomposition.

IDENTIFICATION
First identification: B.
Secondidentification: A., C.

A. Dissolve 50.0 mg in 0.01 M hydrochloric acidand dilute to
250.0 rnL with the same acid. Dilute 25.0 mL of the solution
to 100.0 mL with 0.01 M hydrochloric acid. Examined
between 230 nm and 350 nm (2.2.25), the solution shows
4 absorption maxima, at 270 nm, 280 nm, 287 nm and
291 nm. The ratios of the absorbances measured at the
maxima at 270 nm, 287 DID and 291 nm to that measured at
the maximum at 280 nm 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 naphazoline hydrochloride CRS.

e. It gives reaction (a) of chlorides (2.3.1).

TESTS
SolutionS
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
50 rnL With the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2., MethodII).

Acidity or alkalinity
To 20 niL of solution S add 0.2 mL of 0.01 M sodium
hydroxide and 0.1 mL of methyl redsolution R. The solution is
yellow. Not more than 0.6 mL of 0.01M hydrochloric acidis
required to change the colour of the solution to 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 mobile phase.

Reference solution (a) Dissolve 5 mg of l-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
impurityA CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute J.O mL of this solution to
100.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 rnL with the mobile phase.

Column:
- size: I = 0.25 m, 0 =4.0 mm;
- stationary phase: end-capped base-deactivated octylsilyl silica

gelfor chromatography R (4 JlIl1) with a pore size of 6 nm.

Mobilephase Dissolve 1.1 g of sodium octanesulfonate R in a
mixture of 5 mL of glacial acetic acidR, 300 mL of
acetonitrile R and 700 mL of waterR.

Flow rate 1 mUmin.

Detection Spectrophotometer at 280 run.

Injection 20 J.LL.
Run time 3 times the retention time of naphazoline.

Retention time Naphazoline = about 14 min.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

naphazoline and impurity B.

Naphazoline Hydrochloride ll-371

Limits:
- impurityA: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.1 percent);

- unspecified impurities: 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 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 DC.

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 acid and 50 mL of ethanol (96 per cent) 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 M sodium hydroxide is equivalent to 24.67 mg of
C1,Jf15ClN2.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Other detectable impurities: B., C, D.

£1
~ 0

1.# N~NH2
H

A. N-(2-aminoethyl)-2-(naphthalen-l-yl)acetamide
(naphthylacetylethylenediamine),

D
QCo,H

B. (naphthalen-l-yl)acetic acid (l-naphthylacetic acid),

C. (naphthalen-l-yl) acetonitrile (l-naphthylacetonitrile),

D.2-(naphthalen-2-ylmethyl)-4,5-dihydro-lH-imidazole
(~-naphazoline).

____________________ PhEur
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PhEur ~ _

Naphazoline Nitrate

DEFINITION
2-(Naphthalen-1-ylrnethyl)-4,S-dihydro-1H-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. Melting point (2.2.14): 167°C to 170 "C.

R Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg in 0.01 M hydrochloric add
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 nm.
Absorption maximum At 270 nm, 280nm, 287 nm and
291 nm.

Absorbance ratio:
- A27(y'A2 80 = 0.82 to 0.86,
- A291/A280 = 0.65 to 0.69.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison naphazoline nitrate CRS.
D. Dissolve 45 mg of the substance to be examined in 2 mL
of waterR. Add 1 mL of sulfuric acidR. Shake carefully and
allow to cool. Add 1 mL of ferrous sulfate solution 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-free water R, warming 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~ MethodII).

pH (2.2.3)
5.0 to 6.5 for 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 100.0 mL with
the mobile phase.

Reference solution (a) Dissolve 5 mg of l-naphihylacetic
acidR 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
impurityA 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 rnL with the mobile phase.

Reference solution (c) 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 rnL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 rom,
- stationary phase: end-capped base-deactioated octylsilyl silica

gelfor chromatography R (4 1J11l) with a pore size of 6 nm.
Mobile phase Dissolve 1.1 g of sodium octanesulfonate R in a
mixture of 5 rnL of glacial acetic add R, 300 mL of
acetonitrile Rand 700 mL of waterR.
Flow rate 1 mIJmin.
Detection Spectrophotometer at 280 nm.

Injection 20 J,JL.
Run time 3 times the retention time of naphazoline.

Relative retention With reference 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.

Systemsuitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

naphazoline and impurity B.

Limits:
- impurity A: 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 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 than 5 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 peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent); disregard the peak due to the nitrate ion.

Chlorides (2.4.4)
Maximum 330 ppm, determined on solution S.

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 acidR. Titrate
with 0.1 M perchloric add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 27.33 mg
of C14HlSN303.

STORAGE
Protected from light.

lL'IlPURITIES
Specified impurities A.
Other detectable impurities (thefollowing substances uiould; 2f
present at a sufficient leoel, bedetected by oneor other of the tests

5144-52-5273.3

Action and use
Alpha-adrenoceptor agonist.

(ph. Bur. monograph 0147)
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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
Firstidentification: A, D.
Second identification: A, B,·C.
A. Specific optical rotation (2.2.7): + 59 to + 62 (dried
substance) .

Dissolve 0.50 gin ethanol (96 per cent) R and dilute to
25.0 mL with the same solvent.

B. Melting point (2.2.14): 154 -c to 158 -c.
C. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 40.0 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 methanol R.
Spectral range 230-350 nm.

Absorption maxima At 262 nm, 271 nm, 316 nm and
331 nm.
Specific absorbances at the absorption maxima:

- at 262 nm: 216 to 238;
- at 271 nm: 219 to 241;
- at 316 nm: 61 to 69;
- at 331 nm: 79 to 87.

D. Infrared absorption spectrophotometry (2.2.24).

Comparison naproxen CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2, MethodII).
Dissolve 1.25 g in methanol R and dilute to 25 mL with the
same solvent.

Enantiomeric purity
Liquid chromatography (2.2.29). Protect the solutions from
light.
Testsolution 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 mL with
the mobile phase.

Reference solution (a) Dilute 2.5 mL ofthe test solution to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of racemic naproxen CRS
in 10.0 mL of tetrahydrofuran R and dilute to 100.0 mL with
the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: silica gel n-acceptorln-donor for chiral

separations R (5 urn) (S,S);
- temperature: 25 °C.

Mobile phase glacial acetic acidR, acetonitrile R, 21Jropanol R,
hexane R (0.5:5:10:84.5 V/V/V/V).

Flow rate 2 mIJrnin.

Detection Spectrophotometer at 263 nm.

Injection 20 IlL.
Run time 1.5 times the retention time of naproxen
(retention time = about 5 min).

System suitability Reference solution (b):

22204-53-1230.3

(Ph. Bur. Monograph 0731)

DEFINITION
(25')-2-(6-Methoxynaphthalen-2-yl)propanoic acid.

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

D.2-(naphthalen-2-yhnethyl)-4,5-dihydro-1H-imidazole
(B-naphazoline) .

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

Preparations
Naproxen Oral Suspension

Naproxen Tablets

Naproxen Gastro-resistant Tablets

C. (naphthalen-l-yljacetonitrile (l-naphthylacetonitrile),

PhEur _

Naproxen

____________________ PhEur

A. N-(2-aminoethyl)-2-(naphthalen-1-yl)acetamide
(naphthylacetylethylenediamine),

B. (naphthalen-1-yl)acetic acid (l-naphthylacetic acid),

in the monograph. They are limitedby the general acceptance
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. Control of impurities
in substances for pharmaceutical use) B, C, D.
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- resolution: minimum. 3 between the peaks due to
impurity G and naproxen.

Limit:
- impurity 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). Protect the solutions from
light.

Test solution Dissolve 12 mg of the substance to be
examined in the mobile phase and dilute to 20 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 mobile phase.

Reference solution (b) Dissolve 6 mg of
bromomethoxynaphthalene R (impurity N), 6.0 mg of naproxen
impurityL CRS, 6 mg of 6-methoxy-2-naphthoic acidR
(impurity 0) and 6 mg of (lRS)-1-(6-methoxynaphthalen-2
ylJethanol R (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 to 50.0 mL with
the mobile phase. Dilute 1.0 mL of this solution to 20.0 m:L
with the mobile phase.

Column:
- size: 1= 0.10 m, 0 =4.0 mID;
- stationary phase: end-eapped octadecylsilyl silica gelfor

chromatography R (3 J.lID);
- temperature: 50 "C.

Mobzle phase Mix 42 volumes of acetonitrile Rand
58 volumes of a 1.36 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 2.0 with phosphoric
acid R.
Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 230 nm.

Injection 20 J.LL.
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, L, N and O.

Relativeretention With reference to naproxen (retention
time = about 2.5 min): impurity °= about 0.8;
impurity K = about 0.9; impurity L = about 1.4;
impurity N = about 5.3.

System suitability Reference solution (b):
- resolution: minimum 2.2 between the peaks due to

impurity K and naproxen.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity 0 by 2.0;
- impurity 0: 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 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 obtained with reference solution (a)
(0.3 per cent);

2020

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(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 (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 25 mL of water Rand
75 mL of methanol R. Titrate with 0.1 M sodium hydroxide,
using 1 mL of phenolphthalein solution R as indicator.

1 mL of 0.1 M sodium hydroxide is equivalent to 23.03 mg
of C14H1403•

STORAGE
Protected from light.

IMPURITIES
Specified impurities G) L) O.
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 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) B) C) D) E) F) H) I)
J,~M)N.

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,
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E. methyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate,
o. 6-methoxynaphthalene-2-carboxylic acid (6-methoxy-2

naphthoic acid).

F. ethyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate,

___---'- PhEur

Naproxen Sodium
(Ph.· Bur. monograph 1702)

26159-34-2252.2Cl~130~a
PhEur _

G. (2R)-2-(6-methoxynaphthalen-2-yl)propanoic acid ((R)
enahriomer),

~OH

·H3CO~

H. 6-methoxynaphthalen-2-o1,

1. (6-methoxynaphthalen-2-yl)acetic acid,

J. 2-ethyl-6-methoxynaphthalene,

K. (1RS)-1-(6-methoxynaphthalen-2-yl)ethanol,

L. 1-(6-methoxynaphthalen-2-yl)ethanone,

M.2-methoxynaphthalene (nerolin),

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.

Solubility
Freely soluble in water, freely soluble or soluble in methanol,
sparingly soluble in ethanol (96 per cent).

IDENTIFICATION
Firstidentification: 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 sodiumhydroxide R
and dilute to 25.0 mL with the same solution.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution 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 run.

Absorption maxima At 262 run, 271 run, 316 nm and
331 run.
Specific absorbance at the absorption maxima:

- at 262 run: 207 to 227;
- at 271 run: 200 to 220;
- at 316 nm: 56 to 68;
- at 331 run: 72 to 84.

C. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 50 mg in 5 mL of waterR. Add 1 mL
of dilute sulfuric acidRand 5 mL of ethylacetate R. Shake
vigorously. Allow the 2 layers to separate. Evaporate the
upper layer to dryness and subsequently dry at 60°C for
15 min. Record the spectrum using the residue.

Comparison naproxen CRS.
D. It gives reaction (a) of sodium (2.3.1).

N. 2-bromo-6-methoxynaphthalene,
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TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2, Method II).
Dissolve 1.25 g in waterR and dilute to 25 mL with the
same solvent.

pH (2.2.3)
7.0 to 9.8.

Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

Enantiomeric purity
Liquid chromatography (2.2.29). Protect the solutions from
light.

Testsolution Dissolve 25.0 mg of the substance to be
examined in 15 mL of waterR and add 1 mL of hydrochloric
acidR. Shake with 2 quantities, each of 10 mL, of ethyl
acetate R, combine the upper layers and evaporate to dryness
under reduced pressure. Dissolve the residue in 50.0 mL of
tetrahydrofuran R. Dilute 2.0 mL of this solution to 20.0 mL
with the mobile phase.

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: l = 0.25 m, (2) = 4.6 mm;
- stationary phase: silica gel tc-acceptorht-donor for chiral

separations R (5 !JlI1) (8,8);
- temperature: 25°C.

Mobz1e phase glacial acetic acidR, acetonitrile R, 2-propanol R,
hexane R (5:50:100:845 V/V/V/V).

Flow rate 2 mIJmin.

Detection Spectrophotometer at 263 run.

Injection 20 ilL.

Run time 1.5 times the retention time of naproxen
(retention time =about 5 min):
System suitability Reference solution (b):
- resolution: minimum 3 between the peaks due to

impurity G and naproxen.

Limit:
- impurity 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). Protect the solutions from
light.

Testsolution 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 phase. Dilute 1.0mL 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 naproxen
impurity L CRS and 6 mg of (1RS)-1-(6-methoxynaphthalen
2-yl)ethanol R (impurity K) in acetonitrile 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.

2020

Column:
- size: l = 0.10 m, 0 = 4.0mm.;
- stationary phase: oetadecylsilyl silica gelfor chromatography R

(3 urn);
- temperature: 50 "C.

Mobz"le phase Mix 42 volumes of acetonitrile R and
58 volumes of a 1.36 gIL solution ofpotassium dihydrogen
phosphate R previously adjusted to pH 2.0 with phosphoric
acidR.
Flow rate 1.5 mLImin.
Detection Spectrophotometer at 230 DID.

Injection 20!J.L.

Run time 1.5 times the retention time of impurity N.
Relative retention With reference to naproxen (retention
time = about 2.5 min): impurity K = about 0.9;
impurity L =about 1.4; impurity N =about 5.3.

Systemsuitability Reference solution (b):
- resolution: minimum 2.2 between the peaks due to

impurity K and naproxen.

Limits:
- impurity L: 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 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). - -- --_.- .

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 gin 50 mI.. of anhydrous acetic 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 25.22 mg
of C1,J!1303Na.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities G~ L.
Other detectable impurities (the following substances would, if
present at a sufficient leoel, be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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) A~ B, C, D~ E, F, H, I,
J, K., M, N.

A. (28)-2-(6-hydroxynaphthalen-2-yl)propanoic acid,
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B. (2S)-2-(5-chIoro-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,

Nateglinide 11-377

K. (lRS)-l-(6-methoxynaphthalen-2-yl)ethanol,

L. 1-(6-methoxynaphthalen-2-yl)ethanone,

M.2-methoxynaphthalene (nerolin),

N. 2-bromo-6-methoxynaphthalene.
________________--- PhEur

Nateglinide
(Ph. Bur. monograph 2575)

F. ethyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate, 317.4 105816-04-4

G. (2R)-2-(6-methoxynaphthalen-2-yl)propanoic acid,

H. 6-methoxynaphthalen-2-ol,

1. (6-methoxynaphthalen-2-yl)acetic acid,

J. 2-ethyl-6-methoxynaphthalene,

Action and use
Stimulates insulin release; treatment of diabetes mellitus.

PhEur _

DEFINITION
N- [(trans-4-(1-Methylethyl)cyclohexyl] carbonyl]-D

phenylalanine.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, freely soluble in 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 mL with the same solution.

B. Infrared absorption spectrophotometry (2.2.24).
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Comparison nateglinide 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.

e.Test B for related substances (see Tests).

TESTS
Related substances
A. Impurity A and unspecified impurities. Liquid
chromatography (2.2.29).

Testsolution Dissolve 60.0 mg of the substance to be
examined in 1 mL of acetonitrile Rl and dilute to 10.0 mL
with the mobile phase.

Reference solution (a) Dissolve 3.0 mg of nateglinide
impurity A CRS in 1 mL of acetonitrile Rl 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 mL of reference
solution (a) and dilute to 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 mL with the mobile phase.

Column:
- size: 1= 0.05 m, 0 =3.9 mm;
- stationary phase: spherical end-capped octylsilyl silica gel

for chromatography R (5 J.U11);
- temperature: 40 "C.

Mobz1e phase Mix 35 volumes of acetonitrile Rl and
65 volumes of a 7.8 gIL solution of sodium dihydrogen
phosphate monohydrate R previously adjusted to pH 2.5 with
phosphoric acidR. '

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 210 nm.

Injection 100 ul, of the test solution and reference
solutions (b), (c) and (d).

Run time 5 times the retention time of nateglinide.
Relative retention With reference to nateglinide (retention
time = about 7 min): impurity A = about 0.5.

System suitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

impurity A and nateglinide.

Limits:
- impurity A: not more than the area of the

corresponding 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 (d) (0.10 per cent);

-sum of unspecified impurities: not more than twice the
area of the principal peak in the chromatogram
obtained with reference solution (d) (0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtained with reference
solution (d) (0.05 per cent).

B. Impurity B. Liquid chromatography (2.2.29).

Testsolution Dissolve 0.200 g of the substance to be
examined in methanol R2 and dilute to 20.0 mL with the
same solvent.

2020

Reference solution (a) Dissolve 5 mg of nateglinide _
impurityB CRS in methanol R2 and dilute to 10.0 mL with
the same solvent.

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 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 0.10 g of the substance to be
examined in methanol R2. Add 1.0 mL of reference
solution (a) and dilute to 10.0 mL with methanol R2.

Column:
- size: I = 0.25 m, 0 = 4.0 mm;
- stationary phase: urea type silica gel for chiraI

chromatography R (5 J.IID);
- 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 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 10 ~ of the test solution and reference
solutions (b) and (c).

Run time 1.5 times the retention time of nateglinide.

Relativeretention With reference to nateglinide (retention
time =about 21 min): impurity B =about 0.9.
System suitability Reference solution (c):

- peak-to-valley ratio: minimum 3, where Hp =height
above the baseline of the peak due to impurity B and
H; = height above the baseline of the lowest point of
the curve separating this peak from the peak due to
nateglinide.

Limit:
- impurityB: not more than the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.2 per cent).

e. Impurities e and D. Liquid chromatography (2.2.29).

Sodiumphosphate buffer Dissolve 8.5 g.of anhydrous disodium
hydrogen phosphate R in 950 mL of waterR. Adjust to pH 7.5
with phosphoric acidR and dilute to 1000 ml, with waterR.

Testsolution Dissolve 50.0 mg of the substance to be
examined in 25 mL of methanol R2 and dilute to 50.0 mL
with the mobile phase.

Reference solution (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 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 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 20 mg of the substance to be
examined in 10 mL of 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.

Reference solution (e) Dissolve 50.0 mg of nateglinide CRS in
25 mL of methanol R2 and dilute to 50.0 mL with the mobile
phase.

Column:
- size: l = 0.15 m, 0 = 6.0 mm;
- stationary phase: polymethacrylate gelR (6 J.IID);
- temperature: 30 "C.

Mobz7e phase methanol R2, sodium phosphate buffer
(45:55 VIV).

Flow rate 1.0 mUmin.
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Detection Spectrophotometer at 210 nm.

Injection 20 J1L of the test solution and reference
solutions (b), (c) and (d).

Run time 1.4 times the retention time of nateglinide.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities C and D.
Relativeretention 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-valley ratio: minimum 1.5, where Hp =height

above the baseline of 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
nateglinide.

Limits:
- impurity C: not more than the area of the principal

peak in.the chromatogram obtained with reference
solution: (b) (0.2 per cent);

~ impurity.D: not more than the area of the
corresponding peak in the chromatogram obtained
with reference solution (d) (0.2 per cent).

Limits:
- totalfor impurities A, B, C, D and sum of unspecified

impurities: maximum 0.5 per cent;
- disregard limitfor impurities 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 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 test C for
related substances with the following modification.

Injection Test solution and reference solution (e).

Calculate the percentage content of C19H27N03 taking into
account the assigned content of nateglinide CRS.

IMPURITIES
Specified impurities A, B, C, D.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or otherof the tests
in the monograph. They are limitedby thegeneral 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 for pharmaceutical use) E, F, G.

A. trans-4-(1-methylethyl)cyc1ohexanecarboxylic acid,

Nateglinide 11-379

B. N-[[trans-4-(l-methylethyl)cyc1ohexyl] carbonyl]-L
phenylalanine (t-phenylalanine isomer),

c.N-[[ci-4-(1-methylethyl)cyc1ohexyl]carbonyl]-n
phenylalanine (cis-isomer),

D. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),

E. N-[(trans-4-ethylcyclohexyl)carbonyl]-n-phenylalanine,

F. N-[[trans-4-(I-methylethyl)cyc1ohexyl] carbonyl]-n
phenylalanyl-n-phenylalanine,

G. ethyl N- [[trans-4':'(1-methylethyl) cyclohexyl]carbonyl]-D
phenylalaninate.

-'- PhEur
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11-380 Neohesperidin-Dihydrochalcone 2020

(Ph. Bur. monograph 1547)

Neohesperidin-Dihydrochafcone Heat the sample for 5 min on a water-bath. Dilute
immediately 1.0 mL of the resulting solution to 50.0 ml,

with dimethylsulfoxide R.

Column:
- size: 1=0.15 m, 0 =3.9 mm,
- stationary phase: spherical octadecylsiZyl silica gelfor

chromatography R (4 urn) with a carbon loading of
7 per cent,

- temperature: 30 °C.

Mobilephase Mix 20 volumes of acetonitrile Rand
80 volumes of a solution prepared by adding 5.0 mL of
glacial acetic acidR to 1000.0 mL of waterR.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 282 nm.

Injection 10 IlL; inject test solution (a) and reference
solutions (a), (b), (c) and (d).

Run time 5 times the retention time of neohesperidin
clihydrochalcone which is about 10 min.

Relative retention With reference to neohesperidin
dihydrochalcone: impurity B =about 0.4;
impurity D = about 0.7; impurity F = about 1.2;
impurity G = about 3.7.

System suitability:
- resolutz"on:minimum of 2.5 between the first peak

(neohesperidin-dihydrochalcone) and the second peak
(impurity F) in the chromatogram obtained with reference
solution (d),

- chromatogram obtained with reference solution (a) is
similar to the chromatogram provided with neohesperidin
dihydrochalcone CRS.

Limits:
- impurityB: not more than the area of the principal peak in

the chromatogram obtained with reference solution (b)
(2 percent),

- impurity D: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (c) (2 per cent),

- any otherimpurity: not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.5 per cent),

- total of all impurities apartfrom 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 obtained with reference solution (c)
(0.05 per cent).

Water (2.5.12)
Maximum 12.0 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.

Injection 10 ilL; inject test solution (b) and reference
solutions (a) and (d).

System suitability:
- resolution: minimum 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).

20702-77-6613C2sH36015
PhEur _

DEFINITION
1-[4-[[2-0-(6-DeoXY-Cl-L-mannopyranosyl)-~-D

glucopyranosyl] oxy]-2,6-clihydroxyphenyl] -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. 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 (a).

TESTS
Appearance of solution
The solution is clear (2~2.1)and not more intensely coloured
than reference solution Y4 (2.2.2.,};Iethod II).

Dissolve 0.25 g in methanolR and dilute to 25 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 0.10 g of the substance to be
examined in dimethylsulfoxide R and dilute to 50.amL with
the same solvent.

Test solution (b) Dilute 10.0 mL oftest solution (a) to
20.0 mL with dimethyl sulfoxide R.

Reference solution (a) Dissolve 50.0 mg of neohesperidin
dihydrochalcone CRS in dimethylsulfoxide R and dilute to
50.0 mL with the same solvent.

Reference solution (b) Dissolve 4.0 mg of neohesperidin
dihydrochalcone impurity B CRS in dimethylsulfoxide R and
dilute to 100.0 mL with the same solvent.

Reference solution (c) Dilute 1.0 mL of test solution (a) to
100.0 mL with.dimethyl sulfoxide 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 g/L solution of sulfuric acidR.

HO~ OH

oO~~OH. ~..OCH3
OH I I

HO " "

H~O~ OH 0

H
OH OH
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Ai.l-[4;'[[2-0-(6-deoxy-(X-L-mannopyranosyl)-~-D
:""glucopyranosyl] oxy]-2,6-dihydroxyphenyl]ethanone
'(phloroacetophenone neohesperidoside),

STORAGE
Protected from light.

IMPURITIES

Calculate the percentage content of CZSH36015 using the
chromatogram obtained with reference solution (a) and the
stated content of CZSH36015 in neohesperidin
dihydrochalcone CRS, correcting for the water content of the
substance to be examined.

H~O~

B~H0O~DH:: DCH,

OH OH I # I #
HO

OH OH 0

HO~ OH

,

OO~~'OH, .. ~ OCH3

OH . I ' ..' I·
HO # #

OH OH 0

<J.3-(3-hydroxy-4-methoxyphenyl)-1-(2,4,6
trihydroxyphenyl)propan-l-one (hesperetin
dihydrochalcone) .

OH

HOY'(.~OO,HH ~"" DCH,

~
OH 0

F. 1-[4-(~-D-g1ucopyranosyloxy)-2,6-dihydroxyphenyl]-3-(3
hydroxy-4-methoxyphenyl)propan.,.1-one (hesperetin
dihydrochalcone 7'-glucoside),

E. 1-[4-[[6-0-(6-deoxy-(X-L-mannopyranosyl)-~-D
glucopyranosyl] oxy]-2,6-dihydroxyphenyl]-3-(3-hydroxy-4
methoxyphenyl)propan-I-one (hesperidin
dihydrochalcone),

___________________ PhEur

OCH3

OH

OH 0

HO~",00

OH

HO

H~0'l

B
OH OH

HO~H0 0Y:;~..OH
I A CH

HO ~ 3

H~o'l OH 0
B

OH OH

B. 7-[[2-0-(e-deoxv-c-t-mannopvranosylj-B.n
glucopyranosyl] oxy]-5-hydroxy-2-(3-hydroxy-4
methoxyphenyl)-4H-l-benzopyran-4-one (neodiosmin), Neomycin Sulfate

HO~,00

OH

HO

H~0'l

B
OH OH

OH 0

OH

OCH3

and enantiomer

Neomycin Sulphate

(Ph. Bur. monograph 0197)

C. (2RS)-7 -[[2-0-(6-deoxy-ex-L-mannopyranosyl)-~-D

glucopyranosyfjoxy]-5-hydroxy-2-(3-hydroxy-4
methoxyphenyl)-2,3-dihydro-4H-l-benzopyran-4-one
(neohesperidin) ,

HO~OO~OH~ OH
OH I . I

HO # . #

H~0"J OH 0
B

OH OH

D. 1-[4- [[2-0-(6-deoxy-cx-L-mannopyranosyl)-~-D
glucopyranosyl] oxy]-2,6-dihydroxyphenyl]-3- (4
hydroxyphenyl)propan-1-one (naringin-dihydrochalcone),

615
(base)

Action and use
Aminoglycoside antibacterial.

Preparations
Dexamethasone and Neomycin Ear Spray

Hydrocortisone and Neomycin Cream

Hydrocortisone Acetate and Neomycin Ear Drops

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

PhEur ~ _

DEFINITION
Mixture of sulfates of substances produced by the growth of
certain selected strains of Streptomyces fradiae, the main
component being the sulfate of 2-deoxy-4-0-(2,6-diamino
2,6-dideoxy-a.-D-glucopyranosyl)-5-0-[3-Q...(2,6-diamino-2,6
dideoxy-f3-L-idopyranosyl)-~-D-ribofuranosyl]-D-streptamine

(neomycin B).

Content
Minimum. of 680 ill/mg (dried substance).

CHARACTERS
Appearance
White or yellowish-white powder, hygroscopic.

Solubility
Very soluble in water, very slightly soluble in alcohol,
practically insoluble in acetone.

IDENfIFICATION
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),

- it complies with the limits given for impurity e.
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 waterR and dilute to
10 mL with the 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 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) Dissolve 25.0 mg of framycetin
sulfate CRS 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) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Reference solution (d) Dissolve the contents of a vial of
neamineCRS (corresponding to 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 sulfate CRS
in the mobile phase and dilute to 100.0 rnL with the mobile
phase.

Column:
- size: I =0.25 m, 0 = 4.6 mm,
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (5 urn),
_ temperature: 25°C.

l\ilobile phase Mix 20.0 mL of trifiuoroacetic acidR, 6.0 mL
of carbonate-free sodium hydroxide solution Rand 500 mL of

2020

waterR, allow to equilibrate, dilute to 1000 mL with waterR
and degas.

Flow rate 0.7 mIJmin.

Post-column solution carbonate-free sodium hydroxide solution R
diluted 1 in 25 previously degassed, which is added pulse-less
to the column effluent using a 375 ~ polymeric mixing coil.

Flow rate 0.5 mIJmin.

Detection Pulsed amperometric detector with a 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 ~L; inject the test solution and the reference
solutions (b), (c), (d) and (e).

Run time 1.5 times the retention time of neomycin B.
Relativeretention 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
obtained with reference solution (e); if necessary, adjust
the 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 obtained with reference solution (c).

Limits:
- ~mpurity A: not more than the area of the principal peak

In the chromatogram obtained with reference solution (d)
(2.0 per cent),

- impurity 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 with reference solution (b)
(3.0 per cent),

- any o~her impurity: not more than the area of the principal
peak In the chromatogram obtained with reference
solution (b) (5.0 per cent),

- totalof other impurities: not more than 3 times the area of
the principal peak in the chromatogram obtained with
reference solution (b) (15.0 per cent),

- disregard limit: area of the principal peak in the
chromatogram obtained with 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 LVI barium chloride and about 0.5 mg of
phthalein purple R. Titrate with 0.1 M sodium edetate adding
50 mL of alcohol R when the colour of the solution begins to
change, continuing the titration until the violet-blue colour
disappears.

1 mL of 0.1 M barium chloride is equivalent to 9.606 mg of
504 ,

Loss on drying (2.2.32)
Maximum 8.0 per cent, determined on 1.000 g by drying at
60°C over diphosphorus pentoxide R at a pressure not
exceeding 0.7 kPa for 3 h.

Sulfated ash (2.4.14)
Maximum 1.0 per cent, determined on 1.0 g.
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ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).

STORAGE
In an airtight container, protected from light.

IMPURITIES

H,N ~~-r.·~~:r·NH2
H~

. NH
2

A. 2-deoxy-4-0-(2,6-diarnino-2,6-dideoxy-cr-o
glucopyranosyl)-o-streptamine (nearnine or neomycin A
LP),

H~O...NH
2

H2N~o... .

o -, 0

OH HN-{
HO 0 CH3

NH2

Neostigmine Bromide 11-383

F. 4-G-(2-amino-2-deoxy-cr-o-glucopyranosyl)-2-deoxy-5-0
[3-0-(2,6-diarnino-2,6-dideoxy-cr-o-glucopyranosyl)-~-o

ribofuranosyl]-n-streptamine (paromomycin II or
neomycin F),

G.3-N-acetyl-2-deoxy-4-G-(2,6-diamino-2,6-dideoxy-cr-o
glucopyranosyD-5-0-[3-0-(2,6-diamino-2,6-dideoXY-~-L

idopyranosyl)-~-o-ribofuranosyl]-o-streptamine(neomycin
B-LP).

____________________ PhEur

B. 3-N-acetyl-2-deoxy-4-G-(2,6-diamino-2,6-dideoxy-cr-o
glucopyranosylj-n-streptamine (3-acetylneamine),

Neostigmine Bromide
(ph.:Eur. monograph 0046)

PhEur _

DEFINITION
3- [(Dirnethykarbamoyl)oxy] -N,N,N-trimethylanilinium
bromide.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals, hygroscopic.

Solubility
Verysoluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: B~ D.

Second identification: A~ C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 20 mg in 0.5 M sulfuric acidand dilute
to 100 rnL with the same acid.

114-80-7303.2

Action and use
Cholinesterase inhibitor.

Preparation
Neostigmine Tablets

E. 4-0-(2-amino-2-deoxy-ct-o-glucopyranosyl)-2-deoxy-5-0
[3-o-(2,6-diarnino-2,6-dideoxy-~-L-idopyranosyl)-~-o

ribofuranosyl] -n-streptamine (paromomycin I or neomycin
E),

~H:\0:~x:
Hbyo OH NH2

NH2

C. 2-deoxy-4-0-(2,6-diarnino-2,6-dideoxy-cr-o
glucopyranosyl)-5-G-[3~O-(2,6-diamino-2,6-dideoxy-cr-o
glucopyranosylj-Bsn-ribofuranosyl] -n-streptamine
(neomycin C),

1).4-0-(2-amino-2-deoxy-cr-o-glucopyranosyD-2-deoxy-o
streptamine (paromarnine or neomycin I)),
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II-384 Neostigmine ·Bromide

Spectral range 230-350 nm.

Absorption maxima At 260 nm and 266 nm.

Specific absorbance at the absorption maxima:
- at 260 run: about 16;
- 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 Rand 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 waterRand 2 mL of diazobenzenesulfonic acid
solution Rl. An orange-red colour develops.

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

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 lI).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 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 4 mg of
3-dimethylaminophenol R (impurity B) in 50.0 mL of the
mobile phase. Dilute 1.0 mL of the solution to 200.0 mL
with the mobile phase.

Reference solution (c) 'Dissolve the contents of a vial of
neostigmine impurity A CRS in 1.0 mL of reference
solution (b).

Reference solution (d) Mix 1.0 mL of the mobile phase and
1.0 mL of reference solution (a).

Column:
- size: l = 0.25 m, 0 = 4.0 rom;
- stationary phase: base-deactivated end-capped octylsilyl silica

gelfor chromatography R (5 urn);
- temperature: 30°C.

Mobz1e phase. To 710 mL of a 3.6 gIL solution of sodium
dihydrogen phosphate R previously adjusted to pH 3.2 with
phosphoric acidR, add 4.3 g of sodium dodecyl sulfate Rand
290 mL of acetonitrile Rl,

Flow rate 1.6 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 50 ul, of the test solution and reference
solutions (a), (c) and (d).

Run time Twice the retention time of neostigmine.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities A and B.

Relative retention With reference to neostigmine (retention
time = about 20 min): impurity B = about 0.56;
impurity 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);

2020

- signal-to-noise ratio: minimum 25 for the principal peak in
the chromatogram obtained with reference solution (d).

Calculation of percentage contents:
- for each impurity, use the concentration of neostigmine in

reference solution (a);
- correction factor. multiply the peak area of impurity B

by 0.5.

Limits:
- impurity 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 anhydrous formic acidR.
Add 50 mL of acetic anhydride R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of O.i M perchloric acid is equivalent to 30.32 mg
of ClzH19BrNzOz.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, be detected by one orother of the tests
in the monograph. They arelimited 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, C.

A. 3-hydroxy-N,N,N-trimethylanilinium,

DI CH
HO ~ N" 3

I
CH3

B. 3-(dimethylamino)phenol,

C. 3-(dimethylamino)phenyl dimethylcarbamate.

______-------------__ PhEur
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PhEur _

becomes red. Add 0.4 mL of 0.01 M hydrochloric acid; the
solution becomes colourless. Add 0.1 mL of methylred
solution R; the solution becomes 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 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 4 mg of
3-dimethylaminophenol R (impurity B) in 50.0 mL of the
mobile phase. Dilute 1.0 mL of the solution to 200.0 mL
with the mobile phase.

Reference solution (c) Dissolve the contents of a vial of
neostigmine impurityA CRS in 1.0 mL of reference
solution (b).

Reference solution (d) Mix 1.0 mL of the mobile phase and
1.0 mL ofreference solution (a).

Column:
- size: 1= 0.25 m, (2) = 4.0 mm;
- stationary phase: base-deactivated end-capped octylsilyl silica

gelfor chromatography R (5 um);
- 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 acidR, add 4.3 g of sodium dodecyl sulfate Rand
290 mL of acetonitrile for chromatography R.
Flow rate 1.6 mUmin.

Detection Spectrophotometer at 220 nm.
Injection 50 ul, of the test solution and reference
solutions (a), (c) and (d).

Run time Twice the retention time of neostigmine.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities A and B.

Relative retention With reference to neostigmine (retention
time =about 20 min): impurity B =about 0.56;
impurity 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-to-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 in

reference solution (a).

Limits:
- impurity B: 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, 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, determined on 1.000 g by drying in
an oven at 105°C.

51-60-5334.4

(ph. Bur. monograph 0626)

Action and use
Cholinesterase inhibitor.

Preparation
Neostigmine Injection

DEFINITION
3-[ (Dimethylcarbamoyl)oxy]-N,N,N-trimethylanilinium
methyl sulfate.

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

CHARACTERS
Appearance ...
White or almost white, crystalline powder or colourless
crystals, hygroscopic.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: A, C.

Secondidentification: A, B, D, E.
A. Melting point (2.~.14): 144 °C to 149 °C.

E. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50 mg in 0.5 M sulfuric add and dilute
to 100 mL with the same acid.

Spectral range 230-350 nm.
Absorption maxima 261 nm and 267 nm.
Resolution (2.2.25): minimum 1.9 for the absorbance ratio.

Absorbance ratio A267/A261 =0.84 to 0.87.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison neostigmine metilsulfate eRS.
D. To 50 mg add 0.4 g ofpotassium 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 diazobenzenesulfonic acid
solution Rl. An orange-red colour develops.

E. Dissolve 0.1 ginS mL of distilled waterR and add 1 mL
of barium chloride solution R1. 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 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 4.0 mL of solution S add 6.0 mL of waterRand 0.1 mL
of phenolphthalein solution Rl, The solution is colourless.
Add 0.3 mL of 0.01 M sodium hydroxide; the solution

Neostigmine Metilsulfate
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56391-57-2

2

1442

Action and use
Aminoglycoside antibacterial.

Netilmicin Sulfate

PhEur _

Netilmicin Sulphate

(Ph. Bur. monograph 1351)

DEFINITION
Bis[2-deoxy-6-0-[3-deoxy-4-C-methyl-3-(methylamino)-~-L

arabinopyranosyl]-4-0-(2,6-diamino-2,3,4,6-tetradeoxy-a.-n
grycero-hex-4-enopyranosyl)-I-N-ethyl-n-streptamine]
pentasulfate.

Substance obtained by synthesis from sisomicin.
Semi-synthetic product derived from a fermentation product.

Content
95.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white, very hygroscopic powder.

Solubility
Very soluble 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 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. It gives reaction (a) of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.80 g in carbon dioxide-free waterR 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 nm 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). Perform weighing steps as
quickry aspossible and immediately afteropening thesample
container.

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) Dissolve the contents of a vial of
netilmicin sulfate for LC assayCRS in the mobile phase and
dilute to 50.0 mL with the mobile phase.

A. 3-hydroxy-N,N,N-trimethylanilinium,

C. 3-(dimethylamino)phenyl dimethylcarbamate.
____________________ PhEur

·DI CH
HO ~ N..... 3

I
CH3

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

ASSAY
Dissolve 0.300 gin 150 mL of waterR and add 100 mL of
dilute sodium hydroxide solution R.·Distil, collecting the
distillate in 40 mL of a 40 g/L solution of boric acidR until
the total volume in the collecting vessel is about 250 mL.
Titrate the solution in the collecting vessel with 0.1 M
hydrochloric acid, using 0.25 mL of methylred mixedsolution R
as indicator. Carry out a blank test.

1 mL of 0.1 M hydrochloric acid is equivalent to 33.44 mg of
C13HzzNz06S,

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B.

Otherdetectable impurities (the following substances would, if
present at a sufficientlevel, be detected by oneorotherof the tests
in the monograph. They are limited by thegeneral 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 for pharmaceutical use) A, C.

B. 3-(dimethylamino)phenol,

°DIH3C, J-... ~ ..... CH3
NON
I I
CH3 CH3
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Reference solution (b) Dissolve 25.0 mg of sisomicin
sulfate CRS (impurity A) in the mobile phase and dilute to
25.0 mL with the mobile phase.

Reference solution (c) Dissolve 25.0 mg of 1-N-ethylgaramine
sulfate CRS (impurity B) in the mobile phase and dilute to
25.0 mL with the mobile phase.

Reference solution (d) 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 mobile phase.

Reference solution (e) Dissolve 5.0 mg of netilmicin forpeak
identification CRS (containing impurities E and F) in the
mobile phase and dilute to 2.5 mL with the mobile phase.

Column:
- size: 1=0.25 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chramatograph;y R

(5 pm);
- temperature: 50 "C.

Mobilephase .. Solution in carbon dioxide-free waterR
containing 0.3g/L ofsodium octanesulfonate R, 20 gIL of
anhydrous sodium sulfate Rl, 20 mIlL of tetrahydrofuran R and
50 mUL of 0.2 Mp'qtassium dihydrogen phosphate R, adjusted
to pH 3.0 with a 22'.5 gIL solution of phosphoric acid R;
degas.

Flow. rate 1.0 mlJmin.

Post-column solution Mixture of 1 volume of carbonate-free
sodium hydroxide solution R and 24 volumes of previously
degassed carbon dioxide-free water R, which is added pulse-free
to the column effluent using a 375 ul, polymeric mixing coil.

Flow rate of post-column solution 0.3 mlJmin.

Detection Pulsed amperometric detector or equivalent with a
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 according to the instrument used.

Injection 20 ~ of the. test solution and reference
solutions (d) and (e).

Run time 3 times the retention time of netilmicin.

Identification of impurities Use the chromatogram obtained
with reference solution (d) to identify the peaks due 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 peaks due
to impurities E and F.

Relativeretention 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.

System suitability Reference solution (d):
- resolution: minimum 10.0 between the peaks due to

impurities B and A; minimum 6.0 between the peaks due
to impurity A and netilmicin; if necessary, adjust the
concentration of sodium octanesulfonate in the mobile
phase.

Calculation of percentage contents:
- for impurities A and B, use the concentration of each

impurity in reference solution (d);
- for impurities other than A and B, use the concentration

of netilmicin in reference solution (d).

Limits:
- impurities A, B, E, F: for each impurity, maximum

1.0 per cent;

Netilmicin Sulfate 11-387

- any other impurity: 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 gin 100 mL of water R and adjust the solution
to pH 11 using concentrated ammonia R. Add 30.0 mL of
0.1M barium chloride and about 05 mg of phthalein purple R.
Titrate with 0.1 M sodium edetate adding 50 mL of ethanol
(96 per cent) R when the colour of the solution begins to
change and continue the titration until the violet-blue colour
disappears.

1 mL of 0.1 M barium chloride 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 after opening the sample
container.
Test 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 Dissolve the contents of a vial of netilmicin
sulfate for LC assay 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: octadecylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 50 "C.

Mobile phase Solution in carbon dioxide-free waterR
containing 0.15 gIL of sodium octanesulfonate R, 20 gIL of
anhydrous sodium sulfate Rl, 20 mUL of 2-methyl-2
propanol Rand 50 mUL of 0.2 M potassium dihydrogen
phosphate R, adjusted to pH 3.0 with dilute phosphoric acidR;
degas.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 205 nm.

Injection 10~.

Run time 1.3 times the retention time of netilmicin.

Retention time Netilmicin =about 4 min.

Calculate the percentage content of C42H92NI0034SS taking
into account the assigned content of netilmicin sulfate for LC
assay CRS.

STORAGE
In an airtight container, protected from light. If the substance
is sterile, the container is also sterile and tamper-proof.

IMPURITIES
Specified impurities A, B, E, F.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of the tests
in the monograph. They are limited by the general 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, D.
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A. 2-deoxy-4-0-[3-deoxy-4-C-methyl-3-(methylamino)-~-L
arabinopyranosyI]-6-o-(2,6-diamino-2,3,4,6-tetradeoxy-a
D-grycero-hex-4-enopyranosyl)-L-streptamine (sisomicin),

Nevirapine
Anhydrous Nevirapine

(Ph. Bur. monograph 2255)

PhEur _

Action and use
Non-nucleoside reverse transcriptase inhibitor; antiviral
(HIV).

129618-40-2266.3

B. 2-deoxy-6-0-[3-deoxy-4-C-methyl-3-(methylamino)-~-L
arabinopyranosyl]-l-N-ethyl-D-streptamine (I-N
ethylgaramine),

C.4-0-[6-amino-2,3,4,6-tetradeoxy-2-(ethylamino)-et:-D
glycero-hex-4-enopyranosyl]-2-deoxy-6-G-[3-deoxy-4-C
methyl-3-(methylamino)-~-L-arabinopyranosyl]-1-N-ethyl
n-streptamine (2'-N-ethylnetilmicin),

D. 4-0- [2-amino-2,3,4,6-tetradeoxy-6-(ethylamino)-a-D
grycero-hex-4-enopyranosyl]-2-deoxy-6-0-[3-deoxy-4-C
methyl-3-(methylamino)-~-L-arabinopyranosyl]-1-N-ethyl
D-streptamine (6'-N-ethylnetilmicin),

E. unknown structure,

F. unknown structure.
____________________ PhEur

DEFINITION
ll-Cyclopropyl-4-methyl-5,11-dihydro-6H-dipyrido [3,2
b:2',3'-e][1,4]diazepin-6-one.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, sparingly soluble or slightly
soluble in methylene chloride, slightly soluble in methanol.

IDENTIFICArION
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).

Testsolution (a) Dissolve 24.0 mg of the substance to be
examined in a mixture of 4 mL of acetonitrile Rand 80 mL of
the mobile phase and sonicate until dissolution is complete.
Dilute to 100.0 mL with the mobile phase.

Testsolution (b) Dilute 3.0 mL of test solution (a) to
25.0 mL with the mobile phase.

Reference solution (a) Dilute 1.0 mL of test 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 solution (b) Add 2.0 mL of the mobile phase to a
vial of nevirapine for peak identification CRS (containing
impurities A, B and C), mix and sonicate for 1 min.

Reference solution (c) Dissolve 24.0 mg of anhydrous
neoirapine CRS ina mixture of 4 mL of acetonitrile Rand
80 mL of the mobile phase and sonicate until 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: l =0.15 m, 0 =4.6 mm;
- stationary phase: end-capped amidohexadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 35 0 C.

NIobile phase Mix 20 volumes of acetonitrile R and
80 volumes of a 2.88 gIL solution of ammonium dihydrogen
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phosphate R, previously adjusted to pH 5.0 using dilute sodium
hydroxide solution R.

Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 220 nm.

Injection 50 ~ of test solution (a) and reference
solutions (a) and (b).

Run time 10 times the retention time of nevirapine.

Identification of impurities Use the chromatogram supplied
with nevirapine forpeak ideniification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band C.

Relatioe retention With reference to nevirapine (retention
time = about 8 min): impurity B = 0.7; impurity A = 1.5;
impurity C =2.8.

System suitability Reference solution (b):
- resolution: minimum 5 between the peaks due to

impurity B and nevirapine.

Limits: ,_
- impuriiies A, B" 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);

-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 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 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 ul, of test solution (b) and reference
solution (c).

Calculate the percentage content of C15Hl~40 from the
declared content of anhydrous nevirapine CRS.

IMPURITIES
Specified impurities A, B, C.

A. l1-ethyl-4-methyl-5, ll-dihydro-6H-dipyrido [3,2-b:2',3'-e]
[1,4] diazepin-e-one,

B. 4-methyl-5, l1-dihydro-6H-dipyrido [3,2-b:2',3'-e] [1,4]
diazepin-6-one,

Nevirapine Hemihydrate 11-389

C. 4-methyl-ll-propyl-5,11-dihydro-6H-dipyrido [3,2-b:2',3'
e] [1,4]diazepin-6-one.

~ PhEur

Nevirapine Hemihydrate
(Ph. Bur. monograph 2479)

Action and use
Non-nucleoside reverse transcriptase inhibitor; antiviral
(HIV).

PhEur _

DEFINITION
ll-Cyclopropyl-4-methyl-5, I1-dihydro-6H-dipyrido[3,2
b:2',3'-e] [1,4]diazepin-6-one hemihydrate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance),

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, slightly soluble in methanol
and in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison nevirapine hemihydrate CRS.
B. Water (see Tests).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution 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 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) Add 1.0 mL of methanol R to a vial of
nevirapine forpeak identification CRS (containing
impurities A, B and C), mix and sonicate for 1 min.

Reference solution (c) Dissolve 20.0 mg of anhydrous
nevirapine CRS in methanol R and sonicate until dissolution is
complete. Dilute to 50.0 mL with methanol R.

Column:
- size: 1= 50 mm, 0 = 2.1 mm;
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- stationary phase: end-capped octadecylsilyl silica gelfor
chromatography R (1.8 urn);

- temperature: 40°C.

JIIlobile phase:
- mobile phaseA: dissolve 0.77 g of ammonium acetate R in

900 mL of water R, adjust to pH 5.6 with acetic acidR
and dilute to 1000 mL with water R;

'-- mobile phase B: acetonitrile R;

Time
(min)

Mobile phase A
(per cent VIV)

Mobile phase B
(per cent VIV)

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.

Flow rate 0.7 mlJmin.

Detection Spectrophotometer at 282 nm.

Injection 2.0!J.L of the test solution and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with nevirapine for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band C.

Relativeretention With reference to nevirapine (retention
time =about 3 min): impurity B =about 0.9;
impurity A = about 1.2; impurity C = about 1.3.

System suitability:
- resolution: minimum 5.0 between the peaks due to

impurity Band nevirapine and minimum 5.0 between the
peaks due to nevirapine and impurity A in the
chromatogram obtained with reference solution (b);

- symmetryfactor: maximum 1.7 for the peak due to
nevirapine in the chromatogram obtained with reference
solution (a).

Calculation of percentage contents:
- for each impurity, use the concentration of nevirapine in

reference solution (a).

Limits:
- impurities 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 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
3.1 per cent to 3.9 per cent, 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 test for
related substances with the following modification.

Injection 2.0 ul, of the test solution and reference
solution (c).

Calculate the percentage content of ClsH14N40 taking into
account the assigned content of anhydrous nevirapine CRS.

IMPURITIES
Specified impurities A) B) C.

Otherdetectable impurities (the following substances would) if
present ata sufficient level) be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby the general

____________________ PhEur

54527-84-3

, HCI

H
HaC N CHa

~I
HaCO O~N:D

: H I I
O~O CHa #

~N02 and enantiomer

CX;'P
o CHa

A. l1-ethyl-4-methyl-5, ll-dihydro-6H-dipyrido [3,2-b:2',3'-e]
[1,4]diazepin-o-one,

C. 4-methyl-ll-propyl-5, l1-dihydro-6H-dipyrido [3,2-b:2',3'
e] [1,4]diazepin-6-one,

B. 4-methyl-5,1l ...dihydro-6H-dipyrido [3,2-b:2',3' -e] [1,4]
diazepin-6-one,

(ph. Bur. monograph 2776)

D. 11,II'-dicyc1opropyl-4,4'-dimethyl-5,5',11,11 '-tetrahydro
6H,6'H-9,9'-bidipyrido [3,2-b:2 ',3'-e] [1,4]diazepine-6,6,
dione.

Nicardipine Hydrochloride

Action and use
Calcium channel blocker.

10

10 -+ 33

33 -+ 40

40

90

90 -+ 67

67 -+ 60

60

0-1.35

1.35 - 3,85

3.85 - 6.70

6.70-7.65
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PhEur _

DEFINITION
2-[Benzyl(methyl)amino]ethyl methyl (4RS)-2,6-dimethyl-4
(3-nitrophenyl)-1 ,4-dihydropyridine-3,5-dicarboxylate
hydrochloride.

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

CHARACTERS
Appearance
Pale yellow or 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).

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ,nicardipine hydrochloride 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,
evaporate to dryness-and record new spectra using the
residues.

B. Dissolve 30mg in 10 mL of water R and shake vigorously.
The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.
Testsolution 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 solution (b) Dissolve 4 mg of nicardipine for system
suitabzlity CRS (containing impurities A, B and C) in 2.0 mL
of the mobile phase.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 um);
- temperature: 30°C.

Mobile phase Mix 35 volumes of acetonitrile Rl and
65 volumes of a 1.5 gIL solution of perchloric acid R.

Flow rate 1.5 mIJmin.
Detection Spectrophotometer at 254 nm.
Injection 10 flL.

Run time 4 times the retention time of nicardipine.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A, Band C.

Relative retention With reference to nicardipine (retention
time =about 8 min): impurity B =about 0.5;
impurity A = about 0.8; impurity C =about 2.1.

Systemsuitability Reference solution (b);
- resolution: minimum 1.5 between the peaks due to

impurity A and nicardipine.

Calculation of percentage contents:
- for each impurity, use the concentration of nicardipine in

reference solution (a).

Nicardipine Hydrochloride 11-391

Limits:
- impurityB: 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: maximum 1.0 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 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 00400 g in 50 mL of ethanol (96 percent) 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 51.60 mg of

C2J'I:30ClN 30 6'

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C.

A. 2-[benzyl(methyl)amino]ethyl methyl2,6-dimethyl-4-(3
nitrophenyl)pyridine-3,5-dicarboxylate,

B. bis[2-[benzyl(methyl)amino]ethyl] 2,6-dimethyl-4-(3
nitrophenyl)-l ,4-dihydropyridine-3,5-dicarboxylate,

C. dimethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4
dihydropyridine-3,5-dicarboxylate.

____________________ PhEur
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PhEur _

Nicergoline

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-3 100 0

3 - 30 100 -> 70 0->30

30 - 40 70 -> 0 30 --+ 100

40 - 50 0 100

Flow rate 1.2 mlJmin.

Detection Spectrophotometer at 288 nm.

Injection 10 ut,

Identification of impurities Use the chromatogram supplied
with nicergoline for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, 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 1.
Relative retention With reference to nicergoline (retention
time = about 34 min): impurity D = 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 I = about 1.2.

System suitabilu» Reference solution (b):

Dissolve 0.5 g in ethanol (96 percent) R and dilute to 10 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution 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 mL with acetonitrile R. Dilute 2.0 mL of this solution
to 10.0 mL with acetonitrile R.
Reference solution (b) Dissolve 2 mg of nicergoline for system
suitability CRS (containing impurities A, B, C, D, F and H)
in acetonitrile R and dilute to 2 mL with the same solvent.

Reference solution (c) Dissolve 5.0 mg of nicergoline
impurity D CRS in acetonitrile R and dilute to 100.0 mL with
the same solvent. Dilute 2.0 mL of the solution to 50.0 mL

. with acetonitrile R.

Reference solution (d) Dissolve the contents of a vial of
nicergoline forpeak identification CRS (containing impurity I)
in 1 mL of acetonitrile R.

Column:
- size: l = 0.15 m, 0 = 4.6 mID;
- stationary phase: end-capped ethylene-bridged octadecylsilyl

silica gelfor chromatography (hybrid material) R (3.5 1J.111);
- temperature: 40 "C.

Mobz1e phase:
- solution A: dissolve 34.02 g of potassium dihydrogen

phosphate R in 930 mL of water for chromatography R and
dilute to 1000 mL with water for chromatography R (buffer
solution); dissolve 21.21 g of tetrabutylammonium hydrogen
sulfate R in 225 mL of the buffer solution and dilute to
250.0 mLwiththe same solution; adjust to pH 7.5 with a
300 gIL solution ofpotassium hydroxide R;

- mobile phase A: mix 2.0 mL of solution A with 300 mL of
acetonitrile Rand 700 mL of water for chromatography R;

- mobile phase B: mix 2.0 mL of solution A with 300 mL of
water for chromatography Rand 700 mL of acetonitrile R;

27848-84-6484.4

Action and use
Ergot derivative.

(Ph. Bur. monograph 1998)

DEFINITION
[(6aR,9R,10aS)-1Oa-Methoxy-4,7-dimethyl-
4,6,6a,7,8,9,10,1Oa-oetahydroindolo[4,3-fg] quinolin-9-yl]
methyl 5-bromopyridine-3-earboxylate.

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

CHARACTERS
Appearance
Fine to granular, white or yellowish powder.

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

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A, C.
Second identification: A., B, D.
A. Specific optical rotation (2.2.7): + 4.8 to + 5.8
(anhydrous substance).

Dissolve 0.50 g in ethanol (96 per cent) R and dilute to
10.0 mL with the same solvent.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 50.0 mg in ethanol (96 per cent) Rand
dilute to 100.0mL with the same solvent. Dilute 5.0mL of
the solution to 50.0 mL with ethanol (96 per cent) R.
Spectral range 220-350 nm.
Absorption maximum At 288 nm.
Absorption minimum At 251 nm.
Specific absorbance at the absorption maximum 175 to 185
(anhydrous substance).

C. Infrared absorption spectrophotometry (2.2.24).

Comparison nicergoline CRS.

If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in ethanol (96 percent) R, evaporate to dryness and
record new spectra using the residues.

D. Dissolve 2 mg in 2 mL of sulfuric acidR. 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).
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o

H. [(6aR,9R, 1OaS)-l Oa-methoxy-4-methyl-
4,6,6a, 7,8,9,10,1 Oa-octahydroindolo [4,3-fg] quinolin-9-yl]
methyl 5-bromopyridine-J-carboxylate
(6-desmethylnicergoline), .

C. [(6aR,9R, 1OaS)-1Oa-methoxy-4,7-dimethyl-
4,6,6a, 7,8,9,10,1 Oa-octahydroindolo]4,3-fg] quinolin-9-yl]
methanol,

D. 5-bromopyridine-3-carboxylic acid,

G. [(6aR,9R,10aR)-4,7-dimethyl-4,6,6a,7,8,9,10,10a
octahydroindolo [4,3-fg] quinolin-9-yl] methyl
5-bromopyridine-3-carboxylate,

E. [(6aR,9R,1OaS)-l Oa-hydroxy-4,7-dimethyl-
4,6,6a, 7,8,9,10,1 Oa-octahydroindolo [4,3-fg] quinolin-9-yl]
methyl 5-bromopyridine-3-carboxylate,

F. [(6aR,9S, 1OaS)-l Oa-methoxy-4,7-dimethyl-
4,6,6a, 7,8,9,10,1 Oa-oetahydroindolo [4,3-fg] quinolin-9-yl]
methyl 5-bromopyridine-3-carboxylate (isonicergoline),

A. [(6aR, 9R,10aS)-1Oa-methoxy-4, 7-dimethyl
4,6,6a,7,8,9,10,10a-oetahydroindolo[4,3-fg]quinolin-9-yl]
methyl 5-ehloropyridine-3-carboxylate (chloronicergoline),

B. [(6aR, 9R,10aS)-1Oa-methoxy-7-methyl-
4,6,6a,7,8,9,10, 1Oa-octahydroindolo [4,3-fg] quinolin-9-yl]
methyl 5...;bromopyridine-3-earboxylate
( l-desrnethylnicergoline),

- resolution: minimum 2.0 between the peaks due to
impurity A and nicergoline.

Calculation ofpercentage contents:
- for impurity D, use the concentration of impurity D in

reference solution (c);
- for impurities other than D, use the concentration of

nicergoline in reference solution (a).

Limits:
- impurity B: maximum. 0.8 per cent;
- impurity A: maximum 0.5 per cent;
- impurity H: maximum 0.3 per cent;
- impurities C, D, F, I: for each impurity, maximum

0.2 per cent;
- unspecified impurities: for each 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.

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

ASSAY
Dissolve 0.400 gin 50 mL of acetone R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20). Titrate to the 1st point of inflexion. .

1 mL of 0.1 M perchloric acid is equivalent to 48.44 mg of
C2.JI26BrN303·

IMPURITIES
Specified impurities A, B, C, D, F, H, 1.

Other detectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limitedbythe generalacceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances fur 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) E, G, J.
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PhEur _

____________________ PhEur

IDENI1FICATION
First identification: B, B.
Second identification: A, C, D, E.
A. Melting point (2.2.14): 227°C to 232 °C.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs prepared using about 0.5 mg of substance
and 0.3 g ofpotassium bromide R.
Comparison anhydrous niclosamide CRS.
C. To 50 mg add 5 mL of 1 M hydrochloric acid and 0.1 g of
zinc powder R, heat in a water-bath for Iflminy.cool and
filter. To the filtrate add 1 mL of a 5 gIL solution of sodium
nitrite R and allow to stand for 3 min; add 2 mL of a 20 gIL
solution of ammoniumsulfamace R, shake, allow to stand for
3 min and add 2 mL of a 5 gIL solution of
naphtJrylethylenediamine dz1rydrochWride R. A violet colour is
produced.

D. Heat the substance on a copper wire in a non-luminous
flame. The flame becomes green.

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 solution Dilute 1.0 mL of the test solution to
100.0 mL with acetonitrile R. Dilute 1.0 mL of this solution
to 20.0 mL with acetonitrile R.
Column:
- size: 1= 0.125 m, 0 = 4 mm.;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.Ul1).

Mobile phase Mixture of equal volumes of acetonitrile Rand
a solution containing 2 gIL ofpotassium dihydrogen
phosphate R, 1 gIL of disodium hydrogen phosphate
dodecahydrate R and 2 gIL of tetrabutylammonium hydrogen
sulfate R.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 230 nm,

Injection 20 JlL.
Run time Twice the retention time of niclosamide.

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 the principal peak in
the chromatogram obtained with the reference solution
(0.005 per cent).

5-Chlorosalicylic acid
Maximum 60 ppm.

Testsolution To 1.0 g add 15 mL of waterR, boil for 2 min,
cool, filter through a membrane filter (nominal pore size
0.45 JlIIl), wash the filter and dilute the combined filtrate and
washings to 20.0 mL with water R.
Reference solution Dissolve 30 mg of 5-chlorosalicylic 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 waterR.

To 10.0 mL of the test solution and to 10.0 mL of the
reference solution add separately 0.1 mL oi ferric chloride
solution R2. Any violet colour in the test solution is not more
intense than that in the reference solution.

50-65-7327.1

CI'((OCI~No,
I ~

~ OH

Action and use
Anthelminthic.

Preparation
Niclosamide Tablets

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.

Anhydrous Niclosamide

(Ph. Bur. monograph 0679)

Niclosamide

J. [(6aR,6a'R,9R,9'R,10aS,10a'S)-9'-[[[(5-bromopyrldin-3
yl)carbonyl] oxy]methyl]-lOa, lOa'-dimethoxy-4',7,7'
trimethyl-4',6',6a,6a',7,7',8,8',9,9',10,10', lOa,10a'
tetradecahydro-6H-4,5'-biindolo [4,3-fg] quinoline-9-yl]
methyl 5-bromopyridine-3-carboxylate.

J. [(6aR,6a'R,9R,9'R,10aS,10a'S)-9'-[[[(5-bromopyriciin-3
yl)carbonyl] oxy]methyl]-lOa, lOa'-dimethoxy-7,7'
dimethyl-4',6',6a,6a',7,7',8,8',9,9',10,10',1Oa,10a'
tetradecahydro-6H-4,5'-biindolo [4,3-fg] quinoline-9-yl]
methyl 5-bromopyridine-3-carboxylate,
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2-Chloro-4-nitroaniline
Maximum 100 ppm.

Test solution 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 boiling, cool, filter and dilute the filtrate to 50.0 mL with
1 M hydrochloric acid.

Reference solution Dissolve 50 mg of 2-chloro-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
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 for 3 min. Add 1 inLof
a 20 gIL solution 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
colour in the test solution is not more intense than that in
the reference solution.

Chlorides (2.4.4)
Maximum 500ppm.

To 2 g add a mixture of 1.2 mL of acetic acid.R and 40 mL
of uxuerR, boil for 2 min, cool and filter. 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 DC for 4 h.

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

ASSAY
Dissolve 0.3000 gin 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 (2.2.20).
1 mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 32.71 mg of C13HsCI2N204'

STORAGE
In an airtight container, protected from light.
____________________ PhEur

Niclosamide Monohydrate
(ph. Eur. monograph 0680)

Action and use
Anthelminthic.

Preparation
Niclosamide Tablets

PhEur _

DEFINITION
5-Chloro-N-(2-chloro-4-nitrophenyl)-2-hydroxybenzamide
monohydrate.

Niclosamide Monohydrate 11-395

C'.om.1iJmt
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
YeIIowish, fine crystals.

Soluhility
Pr.u:ticaIly insoluble in water, sparingly soluble in acetone,
slightly soluble in anhydrous ethanol.

IDENl1FICATION
Fint: identification: B, E.
Secondidentification: A, C, D, E.
A Melting point (2.2.14): 227 DC to 232°C, determined
after drJing at 100-105 DC for 4 h.

B. Infi:ared absorption spectrophotometry (2.2.24).

Pmpmar:ion Dry the substance to 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.
Com:paTison anhydrous niclosamide CRS.

C. To 50 mg add 5 mL of 1 M hydrochloric acidand 0.1 g of
zincpowder R, heat in a water-bath for 10 min, cool and
:filter. To the filtrate add 1 mL of a 5 gIL solution of sodium
nitrite R and allow to stand for 3 min; add 2 mL of a 20 gIL
solution of ammonium sulfamate R, shake, allow to stand for
3 min and add 2 mL of a 5 gIL solution of
napht:hy1etJl:ylenediamine dihydrochloride R. A violet colour is
produced.

D. Heat the substance on a copper wire in a non-luminous
flame. The flame becomes green.

E. Loss on drying (see Tests).

TESTS
Related.substances
Liquid chromatography (2.2.29)..

TestsoluriDn Dissolve 50 mg of the substance to be
examined in methanolR, heating gently, cool and dilute to
50.0 mL with the same solvent.

Reference solution Dilute 1.0 mL of the test solution to
100.0 mL with acetonitrile R. Dilute 1.0 mL of this solution
to 20.0 mL with acetonitrile R.

Column:
- size: 1= 0.125 m, 0= 4 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 um),

Mobilephase Mixture of equal volumes of acetonitrile Rand
a solution containing 2 gIL of potassium dihydrogen
phosphate R, 1 gIL of disodium hydrogen phosphate
dodecahydrate Rand 2 gIL of tetrabutylammonium hydrogen
sulfate R.
Flow Tate 1.0 mUmin.
Detection Spectrophotometer at 230 nm.

lrifeClion 20 ur,
Run time Twice the retention time of niclosamide.

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 l£mit: 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.
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DEFINITION
2::.[(Pyridin-3-ylcarbonyl)amino]ethyl nitrate.

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, freely soluble in anhydrous
ethanol, practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nicorandil CRS.

TESTS
pH (2.2.3)
5.5 to 7.0.

Dissolve 0.25 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare tne solutions
immediately before use.

Testsolution Dissolve 50 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 2 mg of nicorandil
£mpurity A CRS in the mobile phase using sonication and
dilute to 25.0 mL with the mobile phase. Dilute 1.0 mL of
the solution to 20.0 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.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 per cent aqueous mobile
phases R (5 um).

Mobile phase trifiuoroacetic acidR, triethylamine R,
tetrahydrofuran R, waterR (3:5:10:982 VIVIVIll).

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 254 nm.

Injection 10 ilL.

Run time 1.5 times the retention time of nicorandil.

**** *'* *
*****

65141-46-0211.2

Action and use
Potassium channel opener.

Preparation
Nicorandil Tablets

Nicorandil
(Ph. Bur. monograph 2332)

____________________ PhEur

Test solution To 1.0 g add 15 mL of waterR, boil for 2 min,
cool, filter through a membrane filter (nominal pore size
0.45 urn), wash the filter and dilute the combined filtrate and
washings to 20.0 mL with water R.
Reference solution Dissolve 30 mg of5-chlorosalicyl£c acidRin
20 mL of methanolR and 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 oiferric chloride
solution R2. Any violet colour produced in the test solution is
not more intense than that in the reference solution.

2-Chloro-4-nitroanlline
Maximum 100 ppm.

Testsolution To 0.250 g add 5 mL of methanolR, heat to
boiling, cool, add 45 mL of 1 M hydrochloric acid, heat again
to boiling, cool, filter and dilute the filtrate to 50.0 mL with
1 M hydrochloric acid.

Reference solution Dissolve 50 mg of 2-chloro-4-nitroaniline R
in methanolR and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 100.0 mL with methanolR.
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 g/L solution
of sodium nitriteR and allow to stand for 3 min. Add 1 mL of
a 20 gIL solution of ammoniumsulfamate R, shake, allow to

stand for 3 min and add 1 mL of a 5 gIL solution of
naphthylethylenediamine diJrydrochloride R. Any pinkish-violet
colour produced in the test solution is 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 acetic acidRand 40 mL
of waterR, boil for 2 min, cool and filter. 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 QC for 4 h.

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

ASSAY
Dissolve 0.3000 gin 80 mL of a mixture of equal volumes of
acetone R and methanolR. Titrate with 0.1 M
tetrabutylammonium hydroxide, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 32.71 mg of C13HsC12N204.

STORAGE
Protected from light.
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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.
Secondidentification: A, C.

A. Melting point (2.2.14): 128°C to 131°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 be examined
in a mixture of equal volumes of ethanol (96 per cent) R and
waterR and dilute to 5.0 mL with the same mixture of
solvents.

Reference solution Dissolve 5 mg of nicotinamide CRS in a
mixture of equal volumes of ethanol (96 percent) R and
waterR and dilute to 5.0 mL with the same mixture of
solvents.

Plate TLC silica gelF254 plate R.

Action and use
Component of vitamin B.

Preparations
Nicotinamide Tablets

Vitamins B and C Injection

PhEur -'-- _

(ph. Eur. monograph 0047)

C. 2-aminoethyl pyridine-3-carboxylate,

D. 3-(4,5-dihydro-l,3-oxazol-2-yl)pyridine.

Nicotinamide

____________________ PhEur

B. N-(2-hydroxyethyl)pyridine-3-carboxamide,

A. 2-[(Pyridin-4-ylcarbony1)amino]ethylnitrate,

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.

System suitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity A and nicorandil.

Calculation of percentage contents:
- for each impurity, use the concentration of nicorandil 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.

Sulfates (2.4.13)
Max~lll11 1~? ppm.
Dissolve 5.000.giri'30 mL of ethanol (50 per cent V/Ii? R,
add 1 'ml, ofdilute hydrochloric acidR and dilute to 50.0 mL
with distillediJiater R:

Water, (2.5.32)
Maximum 05 per cent,
Dissolve 0.300 gin a suitable solvent and dilute to 1.0 mL
with the same solvent. Inject 0.400 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 gin 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (~. 2.20).

1 mL of 0.1 M perchloric acidis equivalent to 21.12 mg of
CsHgN304 •

STORAGE
At a temperature of 2 -c to 8 -c.
IMPURITIES
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 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 pharmaceutical use) A, B, C, D.
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Mobile phase .waterR, ethanol (96 per cent) R, methylene
chloride R (4:45:48 V/V/V).

Application 5~.

Development 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 position and size to the
spot in the chromatogram obtained with the reference
solution.

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 not more intensely coloured
than reference solution BY7 (2.2.2;, Method II).

pH (2.2.3)
6.0 to 7.5 for solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution 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 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 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 to 25.0 mL
with the test solution.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (3 urn),

Mobile phase:
- mobile phaseA: mix 5.0 mL of dilute acetic acidRand

900 mL of waterfor chromatography R, then add 30 mL of
dilute ammoniaR3 and 15 mL of acetonitrile R; dilute to
1 L with waterfor chromatography R;

- mobile phaseB: acetonitrile R, mobile phase A (50:50 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIV)

0-2 98 2

2 - 16 98 ~ 0 2 ~ 100

Flow rate 1.0 mIJrnin.
Detection Spectrophotometer at 264 nm.
Injection 20!J.L.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity D.

Relative retention With reference to nicotinamide (retention
time = about 7 min): impurity D = about 0.9.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity D and nicotinamide.

Calculation of percentage contents:
- for each impurity, use the concentration of nicotinamide

in reference solution (a).

2020

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
vacuo for 18 h.

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

ASSAY
Dissolve 0.100 gin 50 mL of anhydrous acetic acidR. 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 12.21 mg of
C6H~20.

IMPURITIES
Other detectable impurities (thefollowing substances toould, if
present at a sufficient leoel, bedetected by oneor 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 also 5.10. Control of impurities
in substances for pharmaceutical use) A;, B, C, D, E.

A. pyridine-3-carboxylic acid (nicotinic acid),

a CN

N I
~

B. pyridine-3-carbonitrile,

C. pyridine-2-carboxamide (picolinamide),

D. pyridine-4-carboxamide (isonicotinamide),

E. pyridine-3-carboxamide l-oxide (nicotinamide N-oxide).
____________________ PhEur
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Nicotine
(ph. Bur. monograph 1452)

Nicotine 11-399

concentrated ammonia R1. Adjust to pH 10.0 with dilute
ammonia R2 or dilute acetic add R and dilute to 1000 mL
with water R;

- mobile phase B: acetonitrile R;

162.2

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent V/JI)

0-3 100 0

3 - 3.01 100 ~ 95 0~5

54-11-5 3.01 - 28 95 ~ 74 5 ~ 26

28 - 32 74 ~ 60 26 ~ 40
Action and use
Aid to smoking cessation.

Preparations
Nicotine Inhalation Cartridges

Nicotine Nasal Spray

Nicotine Sublingual Tablets

Nicotine TransdermalPatches

Phfur _-,-,-~_~__-:",---,- _

DEFINITION
3- [(28)-1 iMethylpyrrolidin-2-yl]pyridine.

Content
99.0 per cent to 1Q1.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Colourless or brownish viscous liquid, volatile, hygroscopic.

Solubility
Soluble in water, miscible with anhydrous ethanol.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorp~on spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of nicotine.

TESTS
.Appearance of solution
Dissolve 1.0 g in waterR and dilute to 10 mL with the same
solvent. The solution is clear (2.2.1) and not more intensely
coloured than reference solution Ys, BYs or Rs (2.2.2,
Method II).

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 contents of a. vial of
nicotine for system suz"tabUit;y 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 waterR.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped polar-embedded octadecylsz"lyl

amorphous organosiJ:ica polymerR (5 1JlIl).

Mob£le phase:
- mobile phaseA: to 900 mL of waterR, add 25 mL of a

60 gIL solution of acetic add R, then add 6 mL of

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 254 nm.

Injection 20 IlL.
Identification of impurities Use the chromatogram supplied
with nicotine for system suz"tabz"l£ty CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
to impurities A, B, C, D, E, F and G.
Relative retention With reference to nicotine (retention
time =about 17.8 min): impurity E =about 0.3;
impurity G =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 suz"tabz"l£t;y Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity G and nicotine.

Limits:
- impurities A, B, C, D, B, F, G: 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);

- 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 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 ofthe 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 1.00 g.

ASSAY
Dissolve 60.0 mg in 30 mL of anhydrous acetic add R. Titrate
with 0.1 M perchloric add determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric add is equivalent to 8.11 mg of

CloHl~2'

STORAGE
Under nitrogen, in an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, B, F, G.

O~. ".DI H,
A. (2S)-1,2,3,6-tetrahydro-2,3'-bipyridyl (anatabine),
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B. 3-(1-methyl-1H-pyrrol-2-yl)pyridine (p-nicotyrine),

C. (5S)-1-methyl-5-(pyridin-3-yl)pyrrolidin-2-one (cotinine),

D.3-(4,5-dihydro-3H-pyrrol-2-yl)pyridine (myosmine),

O,'H.4 and epimer at N'
I ; \

~ 0 CH3

E. (lRS,2S)-1-methyl-2-(pyridin-3-yl)pyrrolidine l-oxide
(nicotine N'-oxide),

F. 3-[ (2S)-pyrrolidin-2-yl]pyridine (nomicotine),

'NO'H.£)I H
~

G.3-[(2S)-piperidin-2-yl]pyridine (anabasine).
__________________-'--_ PhEur

Solubility
Soluble in water and in ethanol (96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nicotine ditartrate dihydrate CRS.

TESTS
pH (2.2.3)
3.0 to 3.4.

Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Specific optical rotation (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 the solutions
immediately before use.

Test solution Dissolve 60 mg of the substance to be
examined in waterR and dilute to 25.0 mL with the same
solvent.

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
100.0 mL with waterR. Dilute 1.0 mL of this solution to
10.0 mL with waterR.

Column:
~ size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: end-capped polar-embedded octadecylsilyl

amorphous organosilica polymer R {~Jlm).

Mobzle phase:
- mobile phase A: to 900 mL of waterR add 25 mL of a

60 gIL solution of acetic acidRand 6 mL of concentrated
ammoniaR1; adjust to pH 10.0 with dilute ammonia R2 or
dilute acetic acidRand dilute to 1000.0 mL with waterR;

- mobile phase B: acetonitrile R;

Nicotine Ditartrate Dihydrate
(ph. Bur. monograph 2599)

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-3 100 0

3 - 3.01 100 .... 95 0 .... 5

3.01 - 28 95 .... 74 5 .... 26

28 - 32 74 .... 60 26 .... 40

PhEur --------

DEFINITION
3-[(2S)-1-Methylpyrrolidin-2-yl]pyridine bis[(2R,3R)-2,3
dihydroxybutanedioate] dihydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 20 JlL.

Identification of impurities Use the chromatogram supplied
with nicotine for system suitability CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
to impurities A, B, C, D, E, 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;
impurity G = about 0.9; impurity B = about 1.6.

System suitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

. impurity G and nicotine.

Limits:
- impurities A J BJ C, D, EJ FJ G: for each impurity, not

more than 3 times the area of the principal peak in the

6019-06-3498.4

Action and use
Aid to smoking cessation.
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chromatogram obtained with reference solution (b)
(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 (b) (0.10 per cent);

- 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 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 add R. Titrate
with 0.1 M perchloric add, determining the end-point
potentiometricallyC,2.20).

1 mL of a.JMperchloric add is equivalent to 23.12 mg of
C18H2~2012'

STORAGE
Protectedfrom light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

A. (2S)-1,2,3,6-tetrahydro-2,3'-bipyridyl (anatabine),

B. 3-(1-methyl-1H-pyrrol-2-yl)pyridine (~-nicotyrine),

C. (5S)-1-methyl-5-(pyridin-3-yl)pyrrolidin-2-one (cotinine),

D. 3-(4,5-dihydro-3H-pyrrol-2-yl)pyridine (myosmine),

OH.y andepimerat N"
I I \

~ 0 CH3

E. (lRS,2S)-1-methyl-2-(pyridin-3-yl)pyrrolidine l-oxide
(nicotine N'-oxide),

F. 3-[(2S)-pyrrolidin-2-yl]pyridine (nomicotine),

Nicotine Resinate 11-401

O
H,(J
I H

~

G. 3-[(2S)-piperidin-2-yl]pyridine (anabasine).

------ PhEur

Nicotine Resinate
(Ph. Eur. monograph 1792)

96055-45-7

Action and use
Aid to smoking cessation.

Preparation
Nicotine Resinate Medicated Chewing Gum

PhEur _

DEFINITION
Complex of nicotine (3-[(2S)-1-methylpyrrolidin-2
yl]pyridine) with a weak cationic exchange resin.

Content
95.0 per cent to 115.0 per cent of the declared content of
nicotine (C 1oH14Nz) 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 dilute ammonia R2, 10 mL of waterR, 5 mL of
strong sodium hydroxide solution R and 20 mL of hexane R for
5 min. Transfer the upper layer to a beaker and evaporate to
produce an oily residue. Record the spectrum of the oily
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
Minimum 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 DC and shake
vigorously for 10 min. Immediately filter the liquid through a
dry filter paper discarding the 1st millilitre of filtrate. Transfer
1.0 mL of the filtrate to a 20 mL volumetric flask, dilute to
20 mL with 0.1 l\iI hydrochloric add and mix. Determine the
absorbance (2.2.25) at the minima at about 236 nm 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 AtI hydrochloric add as compensation liquid.

Calculate the percentage of nicotine release using the
following expression:
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Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Testsolution 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 dilute ammonia R2 and
shake vigorously for 10 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 to 25.0 mL with
waterR.
Reference solution (a) Dissolve the contents of a vial of
nicotine for system suitabzlity 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 waterR.
Reference solution (c) Dissolve 46.0 mg of nicotine
ditartrate 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-capped polar-embedded octadecylsilyl

amorphous organosilica polymer R (5 J.lIIl).

Mobile phase:
- mobile phase A: to 900 mL of waterR, add 25 mL of a

60 gIL solution of acetic acidR, then add 6 mL of
concentrated ammonia Rl; adjust to pH 10.0 with dilute
ammonia R2 or dzlute acetic acid R and dilute to 1 L with
waterR;

- mobile phase B: acetonitrile R;

323
C

m

20 X 106 X (A259 - 0.5A 236 - 0.5A282 )

323xCxm

specific absorbance of nicotine at 259 nm;
percentage of nicotine in the substance to be
examined determined in the assay;
mass of the substance to be examined, in
milligrams;
absorbances of the solution at the wavelength
indicated by the subscript.

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-3 100 0

3 - 3.01 100 - 95 0-5

3.01 - 28 95 - 74 5 - 26
28 - 32 74 - 60 26 -+ 40

Limies:
- impurities A, B, C, D, E, F, G: for each impurity, not

more than3 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.3 per cent);

- umpecified 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 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).

Losson 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.

Injection Test solution and reference solution (c).

Calculate the percentage content of nicotine (ClOHl~Z)

taking into account the assigned content of ClOH 14Nz in
nicotine ditartrateCRS.

STORAGE
In an airtight container, protected from light.

LABELLING
The label states the content of nicotine.

IMPURITIES
Specified impurities A, B, C, D~ E, F, G.

A. (2S)-1 ~2~3~6-tetrahydro-2,3'-bipyridine (anatabine),

B.3':'(1-methyl-lH-pyrrol-2-yl)pyridine (~-nicotyrine),

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 20 J.tL.
Identification of impurities Use the chromatogram supplied
with nicotine for system suitability CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
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 =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 suitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity G and nicotine.

C. (5S)-1-methyl-5-(pyridin-3-yl)pyrrolidin-2-one (cotinine),

D. 3-(4~5-dihydro-3H-pyrrol-2-yl)pyridine(myosmine),

E. (lRS,2S)-I,.methyl-2-(pyridin-3-yl)pyrrolidine l-oxide
(nicotine N-oxide),
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_____--------------- PhEur

G. 3-[(2S)-piperidin-2-yl]pyridine (anabasine).

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.120 g of the substance to be
examined in 200 ul, of dilute ammonia Rl and dilute to
10.0 mL with mobile phase A.

Reference solution (aJ 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 (bJ Dissolve the contents of a vial of
nicotinic acidimpun'ty mixture CRS (impurities A and B) in
1.0 mL of mobile.phase A.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 per centaqueous mobile
phases R (4 urn);

- temperature: 15°C.

Mobile phase:
- mobile phase A: dilute 2 mL of acetic acidR in 950 mL of

water for chromatography R, adjust to pH 5.6 with dilute
ammonia Rl and dilute to 1000 mL with waterfor
chromatography R;

- mobile phase B: acetonitrile R, methanol R (50:50 V/V);
59-67-6123.1

O
~£)
I H

~

O~D
I H

~ .

(Ph. Bur. monograph 0459)

F. 3-[(2S)-pyrrolidin-2-yl]pyridine (nomicotine),

Nicotinic Acid

Action and use
Component of vitamin B.

Preparation
Nicotinic Acid Tablets

Time Mobile phase A Mobile phase B
(min) (per cent VIP) (per cent VIP)

0-10 100 0

10 - 30 100->20 0......80

30 - 35 20 80

PhEur _

DEFINITION
Pyridine-3-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 boiling water and in
boiling ethanol (96 per cent). It dissolves in dilute solutions
of alkali hydroxides and carbonates.

IDENTIFICATION
First identification: A., B.
Secondidentification: A., C.
A. Melting point (2.2.14): 234°C to 240 °C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison nicotinic acidCRS.
C. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Solvent mixture Dissolve 6.8 g of potassiumdihydrogen
phosphate R in 900 mL of waterR, adjust to pH 7.0 with
dilute sodium hydroxide solution R and dilute to 1000 mL with
waterR.
Testsolution Dissolve 50 mg in the solvent mixture and
dilute to 100.0 mL with the solvent mixture, Dilute 1.0 mL
of the solution to 25.0 mL with the solvent mixture.

Spectral range 237-262 nm.
Absorption maximum At 262 nm.
Absorption minimum At 237 nm.

Absorbance ratio A237/Az62 =0.46 to 0.50.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 250 nm.
Injection 10 J.tL.
Identification of impurities Use the chromatogram supplied
with nicotinic acidimpurity mixture CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and B.

Relative retention With reference to nicotinic acid (retention
time = about 6 min): impurity A = about 2.7;
impurity B =about 2.8.

System suitability Reference solution (b):
- resolution: minimum 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 peak in the
chromatogram obtained with reference solution (a)
(0.05 per cent);

- total: not more than 0.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.05 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).

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 g in water R, heating on a water-bath, and
dilute to 15 mL with the same solvent.

Loss on drying (2.2.32)
Maximuni 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 1 h.
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__________________--..:-_ PhEur

H. 3-nitropyridine,

**** ** ** ****(Ph. Bur. monograph 0627)

Nifedipine

1. 3,5-dinitropyridine.

D·
COZH

N I
HaC ~

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

ASSAY
Dissolve 0.250 gin 50 mL of waterR. Add 0.25 mL of
phenolphthale£n solution R. Titrate with 0.1 M sodium hydroxide
until a pink colour is obtained. Carry out a blank titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 12.31 mg of
C6HsNOz.

STORAGE
Protected from light.

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 limitedby thegeneral 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 for pharmaceutical use) A, B, C, D, B, F, G,
H,1.

A. 6-methylpyridine-3-carboxylic acid (6-methylnicotinic
acid),

ifY
COZH

N I
~ ~

I N
HOzC .&

B. 2,2'-bipyridine-5,5'-dicarboxylic acid (6,6'-dinicotinic
acid),

346.3

Action and use
Calcium channel blocker.

Preparations
Nifedipine Capsules

Nifedipine Prolonged-release Capsules

Nifedipine Prolonged-release Tablets

21829-25-4

C.5-ethyl-2-methylpyridine,

D. pyridine-2,5-dicarboxylic acid,

E. pyridine-4-carboxylic acid (isonicotinic acid),

F. 5-nitropyridine-3-carboxylic acid (5-nitronicotinic acid),

o~I
G. pyridine,

PhEur ~ _

DEFINITION
Dimethyl 2,6-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
Practically insoluble in water, freely soluble in acetone,
sparingly soluble in ethanol.

When exposed to daylight and to artificial light of certain
wavelengths, it readily converts to a nitrosophenylpyridine
derivative. Exposure to ultraviolet light leads to the formation
of a nitrophenylpyridine derivative.

Prepare solutions immediately before use in the dark or underlong
wavelength light (> 420 nm) andprotect themfrom light.

IDENfIFICATION .
F£rst identification: B.

Secondidentification: A, C, D.

A. Melting point (2.2.14): 171°C to 175 °C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison nifedipine CRS.

C. Thin-layer chromatography (2.2.27).
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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 nijedipine CRS in
methanolR and dilute to 10 mL with the same solvent.

Plate TLC silica gelFZ54 plateR.

Mobilephase ethylacetate R, cyclohexane R (40:60 VIV).

Application 5 flL.
Development 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
obtained with the reference solution.

D. To 25 mg in a test tube, add 10 mL of a mixture of
1.5 volumes of hydrochloric acidR, 3.5 volumes of water R
and 5 ',volumes.of alcohol R and dissolve with gentle heating.
Add 0:5 g of iinc R hi granules and allow to stand for 5 min
with occasional swirling. Filter into a second test tube, add
5 mLof a 10 g/L solution of sodium nitrite R to the filtrate
and allow to stand for 2 min. Add 2 mL of a 50 gIL solution
of ammonium sulfamate R, shake vigorously with care and add
2 mL of a 5 gIL solution of naphthylethylenediamine
dihydrochloride R. An intense red colour develops which
persists for not less than 5 min.

TESTS
Impurity D and other basic impurities
Transfer 4 g to a 250 mL conical flask and dissolve in
160 mL of glacial acetic acidR using an ultrasonic bath.
Titrate with 0.1 M perchloric acidusing 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 perchloric 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 solution (a) Dissolve 10 mg of nifedipine
impurityA 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 methanol R and dilute to 25.0 mL with the
same solvent.

Reference solution (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 mobile phase. Dilute
2.0 mL of this solution to 10.0 mL with the mobile phase.

Column:
-size: 1= 0.15 m, 0 = 4.6 mm,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.lIIl).

Mobilephase acetonitrile R, methanol R, waterR
(9:36:55 VIVIV).

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 235 nm.

Injection 20 flL; inject the test solution and reference
solution (c).

Run time Twice the retention time of nifedipine.

Elution order Impurity A, impurity B, nifedipine.

Nifedipine 11-405

Retention time Nifedipine = about 15.5 min.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurity A and impurity B and minimum 1.5 between the
peaks due to impurity B and nifedipine.

Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.1 per cent),

- impurityB: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (c) (0.1 per cent),

- any otherimpurity: 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 than 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 DC 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-methyl-2
propanol R and 25 mL of perchloric acidsolution R. Titrate
with 0.1 M cerium sulfate using 0.1 rnL of ferroin R as
indicator, until the pink colour disappears. Titrate slowly
towards the end of the titration. Carry out a blank titration.

1 mL of 0.1 M cerium sulfate is equivalent to 17.32 mg
of C17HlSNz06.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D.

A. dimethyl 2,6-dimethyl-4-(2-nitrophenyl)pyridine-3,5
dicarboxylate (nitrophenylpyridine analogue),

B. dimethyl 2,6-dimethyl-4-(2-nitrosophenyl)pyricline-3,5
dicarboxylate (nitrosophenylpyridine analogue),
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____________________ PhEur

D. methyl 3-aminobut-2-enoate.

e. methyl 2-(2-nitrobenzylidene)-3-oxobutanoate,

Development Over 3/4 of the plate.

Drying In air, until the solvents have evaporated.

Detection Spray with 4-dimethylaminodnnamaldehyde
solution R and heat at 60 "C for 10 min.

Limit:
- impurity C: any spot due to impurity e is not more

intense than the principal spot in the chromatogram
obtained with the reference solution (50 ppm).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in 10 mL of acetonitrile R and dilute to 20.0 mL
with waterR.
Reference solution Dissolve 5.0 mg of niflumic acid
impurityA CRS, 5.0 mg of niflumic acidimpurity B CRS and
6.0 mg of niflumic acidimpurity E CRS in 20 mL of
acetonitrile R, add 5.0 mL of the test solution and dilute to
50.0mL with water R. Dilute 1.0 mL of this solution to
100.0 mL with a-mixture of equal volumes of acetonitrile R
and waterR.

Column:
- size: 1=0.125 m, 0 =4.0 mID;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 25 "C.

Mobile phase phosphoric acidR, acetonitrile R, water R
(2.5:500:500 V/V/V).

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 267 nm,

Injection 10 j..tL.
Run time 4 times the retention time of niflumic acid.

Relativeretention 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 Band E.
,Limits:
- impurity 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 than the
area of the peak due to niflumic acid in the
chromatogram obtained with the reference solution
(0.10 per cent);

- sum of impurities other than B: not more than twice the
area of the peak due to nifl.umic acid in the
chromatogram obtained with the reference solution
(0.2 per cent);

- disregard limit: 0.5 times the area of the peak due to
niflumic acid in the chromatogram obtained with the
reference solution (0.05 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.5 g in a mixture of 1 mL of nitric acidRand
10 mL of methanol R, and dilute to 20 mL with water R.
To 10 mL ofthis solution add 5 mL of water R.

Phosphates (2.4.11)
Maximum 100 ppm.

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

4394-00-7282.2

(Ph. Eur. monograph 2115)

C13HgF3NzOz
PhEur _

Niflumic Acid

H?2:rC0HaCO

o ~ N0 2

I~

DEFINITION
2-[[3-(Trifiuoromethyl)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 niflumic acidCRS.

TESTS
Impurity C
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.50 g of the substance to be
examined in 5 mL of methanol R and dilute to 10.0 mL with
the same solvent.

Reference solution Dissolve 25 mg of 3-trifluoromethylaniHne R
(impurity e) 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 acidR, ethylacetate R, toluene R
(5:25:90 V/V/V).

Application 10 JlL.
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____________________ PhEur

Nifuroxazide

965-52-6275.2

Action and use
Antibacterial.

(ph. Bur. monograph 1999)

F. methyl 2-[[3-(trifluoromethyl)phenyl]amino]pyridine-3
carboxylate.ASSAY

Dissolve 0.200 g in a mixture of 10 mL of water Rand
40 mL of ethanol (96 per cent) 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 28.22 mg of
C13HgF3N202'

IMPURITIES
Specified impurities A, B,· C.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneorotherof the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for otherhmspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
thereforemotnecessasy to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, F.

Dilute 1.0 mL of the test solution prepared as described in
general chapter 2.4.8 (method C) to 100 mL with water R.

Loss on drying (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 in a platinum
crucible.

A. 2-chloropyridine-3-earboxylic acid,

B. 2-hydroxy-N- [3-(trifluoromethyl)phenyl] pyridine-3
carboxamide,

C.3-(trifluoromethyl)aniline,

E. 6-[[3-(trifluoromethyl)phenyl] amino]pyridine-3-carboxylic
acid,

PhEur _

DEFINITION
(E)-4-Hydroxy-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 nm,
Protected from light, dissolve 10.0 mg in 10 mL of ethylene
glycol monomethyl ether 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
Maximum 0.05 per cent.

Test solution (a) 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 solution (b) To 5.5 rn.L of test solution (a) add
50.0 mL of waterR while stirring. Allow to stand for 15 min
and filter.

Reference solution To 05 mL of test solution (a) add 5.0 mL
of a 50 mgIL solution of 4-hydroxybenzohydrazide R
(impurity A) in dimethyl sulfoxide R. Add 50.0 mL of waterR
while stirring. Allow to stand for 15 min and filter.
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Add 0.5 m.Lof phosphomolybdotungstic reagent Rand 10.0 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 stand for 1 h. Examine the 2 solutions at 750 nm.
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 udumetric flasks,
unless otherwise specified.

Solvent mixture acetonitrile R, waterR (40:60 VIV).

Testsolution Dissolve 10.0 mg of the substance to be
examined in the solvent mixture, using sonication for not
more than 5 min, and dilute to 100.0 m.Lwith the solvent
mixture.

Reference solution (a) Dilute 1.0 m.Lof 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) In order to prepare impurity E in situ,
dissolve 5 mg of the substance to be examined in the solvent
mixture in a colourless volumetric flask, using sonication for
5 min, and dilute to 50 m.Lwith the solvent mixture. Allow
to stand in ambient light for 1 h.

Reference solution (c) Dissolve 5.0 mg of methyl
parahydroxybenzoate CRS (impurity B) in the solvent mixture
and dilute to 100.0 mL with the solvent mixture. Dilute
1.0 mL of this solution to 100.0 mL with the solvent
mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: spherical ocuu1ecylsilyl silica gelfor

chromatography R (5 J.I.Il1);
- temperature: 10 0 C. ,

Mobile phase:
- mobile phase A: tetrahydrofuran R, waterR (5:95 VIV);
- mobile phase B: acetonitrile R;

Time
(min)

0-10

10 - 30

Mobile phase A
(per cent VIJI)

67

67 ~ 43

Mobile phase B
(per cent VIJI)

33

33 ~ 57

in the chromatogram obtained with 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 impurities other than E: not more than the area of
the principal peak in the chromatogram obtained with
reference solution (c) (0.5 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); 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.

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

ASSAY
Dissolve 0.200 g, with heating if necessary, in 30 mL of
dimethylformamide R and add 20 mL of waterR. 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 27.52 mg of
ClzHgN30S'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B~ C~ D~ E.

NoH
H,N'~~

o

A. 4-hydroxybenzohydrazide (p-hydroxybenzohydrazide),

NoH
H3CO~

o

B. methyl4-hydroxybenzoate (methyl parahydroxybenzoate),

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 280 nrn.

Injection 50 ilL.
Relative retention 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 D =about 3.4.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity E and nifuroxazide.

Limits:
- impurity E: not more than 3 times the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impurities 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 1 such peak has an
area greater than 0.2 times the area of the principal peak

C. (5-nittofuran-2-yl)methylidene diacetate,

D. (E~E)-~N'-bis [(S-nitrofuran-2-yl)methylidene]hydrazine
(S-nitrofurfural azine),
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____________________ PhEur

923288-90-8584.0

Nilotinib Hydrochloride
Monohydrate
(ph. Bur. monograph 2993)

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 silica
gel GFZ54 R as the coating substance.

Test solution Dissolve 0.4 g of the substance to be examined
in methanol R and dilute to ~ 0 mL with the same solvent.

Reference solution (a) Dissolve 40 mg of
ethylnicotinamide CRS in methanol R and dilute to 100 mL
with the same solvent.

Reference solution (b) Dilute I mL of reference solution (a)
to 10 mL with methanol R.
Apply separately to the plate 10 ul, of each solution. Develop
over a path of 15 ern using a mixture of 25 volumes of
propanol Rand 75 volumes of chloroform R. Allow the plate to
dry in air and examine in ultraviolet light at 254 nm. In the
chromatogram obtained with the test solution, any spot
corresponding to ethylnicotinamide is not more intense than
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
ethyInicotinamide, is notmore intense than the spot in the
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 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 of 5 mL of acetic anhydride R
and 20 mL of anhydrous acetic add R. 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 17.82 mg of
ClOHl~20. -,'

Action and use
Tyrosine kinase (BCR-ABL) inhibitor; treatment of chronic
myeloid leukaemia.

____________________ PhEur

59-26-7178.2

DEFINITION
Nikethamide contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of N,N
diethylpyridine-S-carboxarnide, calculated with reference to
the anhydrous substance.

CHARACTERS
An oily liquid or a crystalline mass, colourless or slightly
yellowish, miscible with water and with alcohol.

IDENTIFICATION
First identification: A, B.
Secondidentification: A, C, D.
A. Dissolve 0.15 gin 0.01 M hydrochloric acidand dilute to
100.0 mL with the same acid. Dilute 1.0 mL of this solution
to 100.0 mL with 0.01 M hydrochloric acid. Examined
between 230 nm and 350 nm (2.2.25) in a 2 em cell, the
solution shows a single absorption 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
nikethamide CRS.
C. Heat 0.1 g with 1 mL of dilute sodium hydroxide solution R.
Diethylamine is evolved progressively and is recognisable by
its characteristic odour and by its turning redlitmus paperR
blue.

D. Dilute 1 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-free waterR and dilute to
10 mL with the same solvent.

Appearance
The substance to be examined, in liquid form or liquefied by
slight heating, is clear (2.2.1) and not more intensely
coloured than reference solution Ys (2.2.2, Method II).

PhEur _

~(: (Y0H
~N",N~

o

E. (Z)-4-hydroxy-N'-[(5-nitrofuran-2-yl)
methylidene]benzohydrazide.

(Ph. Bur. monograph 0233)

Action .and use
Central nervous system stimulant.

Nikethamide
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Flow rate 1.0 mL/min.

Detection Spectrophotometer at 207 run.

Injection 20!JL of the test solution and reference
solution (a).

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A.

Relative retention With reference to nilotinib (retention
time = about 17 min): impurity A = about 0.3.

System suitability:
-repeatability: maximum relative standard deviation of

5.0 per cent determined on 6 injections of reference
solution (a).

Calculation of content:
- for impurity A, use the concentration of impurity A in

reference solution (a).

Limit:
- impurity A: maximum 3 ppm.

Impurities B and 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 and referencesolutions (b) and (c).

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities Band C.
Relative retention With reference to nilotinib (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 Band C in the chromatogram obtained with
reference solution (c);

- repeatability: maximum relative-standard deviation of
S.Oper cent for the areas of the peaks due to impuritiesB
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:
- impurities 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, waterR (50:50 VIV).

Test solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 200.0 mL with
the solvent mixture.

Reference solution (a) Dissolve 20.0 mg of nilotinib
hydrochloride monohydrate CRS in the solvent mixture and
dilute to 200.0 mL with the solvent mixture.

11-410 Nilotinib Hydrochloride Monohydrate

PhEur _

DEFINmON
4-Methyl-N- [3-(4-methyl-1H-imidazoI-I-yI)-5
(trifiuoromethyl)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.

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 nilotinib hydrochloride monohydrate CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanolR, evaporate to
dryness and record new spectra using the residues.

B. It gives reaction (b) of chlorides (2.3.1).

C. Water (see Tests).

TESTS
Impurity A
Liquid chromatography (2.2.29). Carry out the testprotected
from lighi.

Solvent mixture dimethyl sulfoxide R, waterR (20:80 VIV).

Testsolution Dissolve 0.300 g of the substance to be
examined in 2 mL of dimethylsulfoxide 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 0.4S J..UTI filter.

Reference solution (a) Dissolve 7.5 mg of nilotinib
impurityA CRS in dimethylsulfoxide 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 solution (b) Dissolve 7.5 mg of nilotinib
impurityB 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 (b)
to 10.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 =3.0 mm;
- stationary phase: encapsulated polar-embedded octadecylsilyl

silica gelfor chromatography R (3 J.I.ID.);
- temperature: 40 DC.

.NIobtIe phase:
- mobile phaseA: 1.36 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acidR;
- mobile phase B: mobile phase A, acetonitrile Rl

(20:80 VIV);

Time
(min)

0-2

2 - 10

10 - 12

12 - 18

18 - 19

Mobile phase A
(per cent VIJI)

85

85 -> 80

80 -> 75

75 -> 10

10

2020

Mobile phase B
(per cent -}n)

15

15 -> 20

20 -> 25

25 -> 90

90
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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 2 mg of nilotinib for system
suitamlity CRS (containing impurities E, F and G) in the
solvent mixture and dilute to 20 mL with the solvent
mixture.
Column:
- size: 1=0.15 m, 0 =3.0 rom;
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 percent aqueous mobile
phases R (3 urn);

- temperature: 40 "C,
Mobile phase:
- mobilephaseA: 1.36 gIL solution of potassium dihydrogen

phosphateR adjusted to pH 3.0 with phosphoric acidR;
-mom7e phaseB: mobile phase A, acetonitrile for

chromatography R (20:80 V/1/);

Trine
:(Iriin)

:,0 ":,2

2.:16

16 ~,17

Mobile phase A
(per cent VIP)

90

90 -lo 10

10

Mobile phase B
(per cent VIJi)

10

10 --+ 90

90

Calculate the percentage content of C2sH23CIF3N70 taking
into account the assigned content of nilotinib hydrochloride
monohydrate CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B, C, F.

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 acceptance
criterion for other/unspecified impurities and/orby 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) D, E, G,H.

A. 3-(4-methyl-1H-imidazol-l-yl)-S-(trifluoromethyl)aniline,

Flow rate 0.8 mUmin.
Detection Spectrophotometer at 240 nm.

Injection 5 JJL of the test solution and reference
solutions (b) and (c).

Identification ofimpurities Use the chromatogram supplied
with nilotinib for systemsuitability CRS and the chromatogram
obtained with reference solution (c) to identify the peaks due
to impurities E, F and G.

Relative retention With reference to nilotinib (retention
time =about 12 min): impurity E =about 1.03;
impurity F =about 1.07; impurity G = about 1.09.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurities F and G;
- peak-to-valleyratio: minimum 2.0, 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 nilotinib.

Calculation of percentage contents:
- for each impurity, use the concentration of nilotinib

hydrochloride monohydrate in reference solution (b).

Limits:
- impurity F: maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.40 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
3.0 per cent 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).

B. methyl 3-amino-4-methylbenzoate,

C. 3-amino-4-methylbenzoic acid,

D. 4-methyl-3- [[4-(pyridin- 3-yl)pyrimidin-2-yl]amino]benzoic
acid,

E. N- [3-(IH-imidazol-1-yl)-S-(trifluoromethyl)phenyl]-4
methyl-3-[[4-{pyridin-3-yl)pyrimidin-2-yl]amino]
benzamide,
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crC
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F. N- [3-(4-ethyl-1H-imidazol-1-yl)-5-
(trifiuorornethyl)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,

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Solvent mixture acetonitrile for chromatography R, waterR
(35:65 VIV).

Test-solution Dissolve 0.10 g of the substance to be
examined in the solvent mixture and dilute to 100 mL with
the solvent mixture.

Reference solution (aJ Dilute 20.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 rnL of this
solution to 100.0 mL with the solvent mixture.

Reference solution (b) Dissolve 2 mg of the substance to be
examined and 2 mg of niiutamideimpurityB CRS in the
solvent mixture and dilute to 50 mL with the solvent
mixture.

Column:
- size: 1= 0.15 m~"=4.6 rom;
- stationary phase: spherical oaadecylsilyl silica gelfor

chromatography R (5 urn).

Mobilephase:
- mobile phaseA: 2.0 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 7.5 with 1 l\II sodium
hydroxide;

- mobile phaseB: acetonitrile for chromatography R;

H. 4.,.methyl-N-[3-(5-methyl-1H-imidazol-1-yl)-5
(trifiuorornethyl)phenyl]-3-[[4-(pyridin-3-yl)pyrimidin-2
yl]amino] benzamide.

Time Mobile phase A Mobile phase B
(min) (per cent VIJl) (per cent VIJl)

0-8 55 45

8 - 30 55 ...... 30 45 ...... 70
____________________ Ph£Uf

Ph£ur _

Nilutamide

ASSAY
Liquid chromatography (2.2.29). The solutions are stable for
24 h at room temperature and in daylight.

Solvent mixture acetonitrile for chromatography R, waterR
(35:65 VIV). .

Flow rate 1.5 ml./min.:

Detection Spectrophotometer at 230 nm.

Injection 20~.

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 peaks due to

impurity B and 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
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)
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 in a platinum
crucible.

63612-50-0317.2

(Ph. Bur. monograph 2256)

Action and use
Cytotoxic.

DEFINITION
5,5-Dimethyl-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 white powder.

Solubility
Very slightly soluble in water, freely soluble in acetone,
soluble in anhydrous ethanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nilutamide CRS.
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51803-78-2308.3

(Ph.. Eur. monograph 1548)

PhEls _

Action and use
Cyclo-oxygenase inhibitor; analgesic; anti-inflammatory.

DEFINITION
N-(4-Nitro-2-phenoxyphenyl)methanesulfonamide.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Yellowish, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in acetone,
slightly soluble in anhydrous ethanol.

mp
About 149 -c.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption speetrophotometry (2.2.24).

Comparison nimesulide CRS.

H the speetra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in acetone R, evaporate to dryness and record new
spectra using the residues.

TESTS
Absorbance (2.2.25)
Maximum 0.50 at 450 run.

Dissolve 1.0 g in acetone R and dilute to 10.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20 mg of the substance to be
examined in 8 mL of acetonitrile R and dilute to 20.0 mL
with waterR.
Reference solution (a) Dissolve 5 mg of 2-phenoxyan£line R
(impurity C) in 10 mL of acetonitrile R and dilute to 25.0 mL
with water R. Dilute 1.0 mL 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 nimesulide impurity D CRS previously
dissolved in 1.0 mL of acetonitrile R.

Reference solution (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.

Reference solution (c) Dissolve 4 mg of nimesulide forpeak
identification CRS (containing impurities A, B, E and F) in
4.0 m.L of acetonitrile R and dilute to 10.0 mL with the
mobile phase.

NimesuHde

A. 5-imino-4,4-dimethyl-1-[4-nitro-3-(trifluoromethyl)phenyl]
imidazolidin-2-one,

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 Dissolve 50.0 mg of nilutamide 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:spherical octadecylsilyl silica gelfor

chromatography R (5 um),

Mobile phase Mix 40 volumes of acetonitrile Rand
60 volumes of a 2.0 gIL solution of potassium dihydrogen
phosphate R adjusted to pH 7.5 with 1 M sodium hydroxide.

Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 267 run.

Injection 20 ilL.

Retention time About 9 min.

Calculate the percentage content of ClzHlOF3N304 from the
declared content ofnilutamide CRS.

C. 5,5-dimethyl-3-[4-nitro-3-(trifluoromethyl)
phenyl] oxazolidine-2,4-dione,

B. 4-nitro-3-(trifluoromethyl)aniline (nifeline),

D. 1,3-bis [4-nitro-3-(trifluoromethyl)phenyl]urea.

STORAGE
Protected from light.

IMPURITIES
Other detectable impurities (thefollowing substances uiould, if
present at a sufficient leuel, 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 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., B., C., D.

______--'- PhEur
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Column:
- size: 1= 0.125 m, 0 =4.0 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 !J111).

Mobile phase Mix 35 volumes of acetonitrile Rand
65 volumes of a 1.15 gIL solution of ammonium dihydrogen
phosphate R previously adjusted to pH 7.0 with ammonia R.

Flow rate 1.3 mL'min.
Detection Spectrophotometer at 230 run.

Injection 20 J.LL.
Run time 7 times the retention time of nimesulide.

Identification of impurities Use the chromatogram supplied
with nimesulide for peak idtmtification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B, E and F; use the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities C and D.

Relativeretention With reference to nimesulide (retention
time =about 5 min): impurity A =about 0.3;
impurity B = about 2.4; impurity C = about 3.2;
impurity D = about 3.7; impurity E = about 4.2;
impurity F = about 6.1.

System suitability .Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities C and D.

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 E = 1.4;

- impurity E: not more than twice the area of the principal
peak in 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 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).

Loss on drying (2.2.32)
Maximum O.s per cent, determined 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 acetone R
and add 20 mL of waterR. 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 30.83 mg of
C13H12NzOsS.

IMPURITIES
Specified impurities A~ B> C, D~ E~ F.
Other detectable impurities (the following substances uxndd; if
present at a sufficient leoel, be detected by oneorother of the tests
in the monograph. They are limited by the general acceptance

2020

criterion for other/unspecified impurities and/or 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 for pharmaceutical use) G.

A. N-(2,4-dinitro-6-phenoxyphenyl)methanesulfonamide,

B. N-(2-phenoxyphenyl)methanesulfonamide,

cx.
NH2

~I
o

6
C. 2-phenoxyaniline,

D. 4-nitro-2-phenoxyaniline,

E. N,N-bis(methylsulfonyl)-2-phenoxyaniline,

F. N,N-bis(methylsulfonyl)-4-nitro-2-phenoxyaniline,
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PhEur _

____________________ PhEur

G. 4-nitro-2-phenoxyphenol.

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 oftetrahydrofuran 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 with the mobile phase.

Reference solution (b) Dissolve 4 mg ofnimodipinefor 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 impurityA CRS and dilute to
10.0 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40°C.

Mobile phase methanol R, tetrahydrofuran R, waterR
(20:20:60 V/V/V).

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 235 nm.

Injection 20 IlL.
Run time 4.5 times the retention time of nimodipine.

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 impurity C; use the chromatogram
obtained with reference solution (c) to identify the peak due
to impurity A.

Relative retention With reference to nimodipine (retention
time = about 7 min): impurity C =about 0.5;
impurity A = about 0.9.

System suitability Reference solution (c):
- peak-to-valley ratio: minimum 4.0, 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 the-peak due to
nimodipine.

Limits:
- 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 impurities: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with referencesolution (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.

66085-59-4

and enantiomer

418.4

~OH

ozNMo

6

Nimodipine
(Ph. Bur. monograph 1245)

Action and use
Calcium channel blocker.

Preparations
Nimodipine Infusion

Nimodipine Tablets

DEFINITION
2-Methoxyethyl 1-methylethyl (4RS)-2,6-dimethyl-4-(3
nitrophenyl)-l ,4-dihydropyridine-3,5-dicarboxylate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Light yellow or yellow, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in ethyl acetate,
sparingly soluble in anhydrous ethanol.

It shows polymorphism (5.9).

Exposure to ultraviolet light leads to the formation of a
nitrophenylpyridine derivative.

IDENTIFICATION
A. Optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison nimodipine CRS.

If the spectra obtained in the solid state show differences,
record new spectra using 20 gIL solutions in methylene
chloride R and a 0.2 mm cell.

TESTS
Prepare solutions immediately before use either protected from light
or underlong-wavelength light (> 420 nm).

Solution S
Dissolve 1.0 g.in acetone R and dilute to 20.0 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1).
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146-22-5281.3

Action and use
Benzodiazepine.

Preparations
Nitrazepam Oral Suspension

Nitrazepam Tablets

(Ph. Bur. monograph 0415)

PhEur _

Nitrazepam

DEFINITION
7-Nitro-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one.

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

CHARACTERS
Appearance
White or yellow, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent).

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nitrazepam CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light. -~.

Testsolution Dissolve 50 mg of the substance to be
examined in acetonitrile R 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 acetonitrile R. Dilute 1.0 mL of this solution
to 10.0 mL vvith acetonitrile R.

Reference solution (b) Dissolve 2 mg of clonazepam CRS in
acetonitrile R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL ofthis solution to 10.0 mL with the test
solution.

Column:
- size: 1= 0.25 m, 0 = 4.0 nun;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 um);
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: 7.8 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acid R;
- mobile phase B: acetonitrile R;

ASSAY
Prepare solutions immediately before use either protected from light
or underlong-wavelength light (> 420 nm).

Dissolve with gentle heating 0.180 g in a mixture of 25 mL
of 2-methyl-2-propanol Rand 25 mL of perchloric acid
solution R. Add 0.1 mL oi ferroin 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 C21H26N207'

STORAGE
Protected from light.

IMPURITIES
Specified impurities C.

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
criterion for other/unspecified impurities 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) A, B.

A. 2-methoxyethyl 1-methylethyl 2,6-dimethyl-4-(3
nitrophenyl)pyridine-3,5-dicarboxylate,

C. bis(2-methoxyethyl) 2,6-dimethyl-4-(3-nitrophenyl)-1,4
dihydropyridine-3,5-dicarboxylate.

B. bis(l-methylethyl) 2,6-dimethyl-4-(3-nitrophenyl)-1,4
dihydropyridine-3,5-dicarboxylate,

____________________ PhEur

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-3 65 35

3 - 10 65 -> 50 35 -> 50

10 - 20 50 50
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PhEur _

39562-70-4360.4

H
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(Ph. Bur. monograph 1246)

Action and use
Calcium channel blocker.

DEFINITION
Ethyl methyl (4RS)-2,6-dimethyl-4-(3-nitrophenyl)-1 ,4
dihydropyridine-3,5-dicarboxylate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in ethyl acetate,
sparingly soluble in anhydrous ethanol and in methanol.

It shows polymorphism (5.9).

Exposure to ultraviolet light leads to the formation of a
nitrophenylpyridine derivative.

Prepare solutions immediately before use either protected from light
orunderlong-wavelength light (> 420 nm).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nitrendipine CRS.

D. 2-(1 ,3-dioxo-l,3-dihydro-2H-isoindol-2-yl)-N-[4-nitro-2
(phenylcarbonyl)phenyl] acetamide.

C. 2-bromo-N-[4-nitro-2-(phenylcarbonyl)phenyl] acetamide,

Nitrendipine

____________________ PhEur

B. (2-arnino-5-nitrophenyl)phenylrnethanone,

A. 3-amino-6-nitro-4-phenyIquinolin-2(lll)-one,

FloVJ rate 1 mUmin.

Detection Spectrophotometer at 270 run.

Injection 10 ~.

Relative retention With reference to nitrazepam (retention
time = about 9 min): clonazepam =about 1.1.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 4.0, where Hp = height

above the baseline of the peak due to clonazepam and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
nitrazepam.

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-chrcmatogramobtained with reference solution (a)
(0.05 pet cent).

Losson drying (2.2.32)
Ma.x.Utiilln 0.5 per cent, determined on 1.000 g by drying in
an oven atI 05 °C for -4h.

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

ASSAY
Dissolve 0.250 gin 25 m.L of acetic anhydride R. Titrate with
0.1 LVI perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 28.13 mg of
ClsHllN303.

STORAGE
Protected from light.

IMPURITIES
Other detectable impurities (the following 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 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 for pharmaceutical use) A~ B, C, D.
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____________________ PhEur

7697-37-2

A. ethyl methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5
dicarboxylate,

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 0.160 g with gentle heating if necessary in a mixture
of i5 mL of 2-methyl-2-propanol R and 25 mL of perehloric
acid solution R. Titrate with 0.1 M cerium sulfate, using
0.1 mL of ferroin R as indicator. Titrate slowly towards the
end of the titration. Carry out a blank titration.

1 mL of 0.1M cerium sulfate is equivalent to 18.02 mg
of ClsHzoNz06'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

C. diethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4
dihydropyridine-3,5-dicarboxylate.

PhEur --,...- _

B. dimethyI2,6-dimethyl-4-(3-nitrophenyl)-1,4
dihydropyridine-3,5-dicarboxylate,

Nitric Acid

DEFINITION
Content
68.0 per cent mlm to 70.0 per cent mlm.

CHARACTERS
Appearance
Clear, colourless or almost colourless liquid.

(Ph. Bur. monograph 1549)

HN03 63.0

If the spectra obtained in the solid state show differences,
record new spectra using 20 gIL solutions in methylene
chlor£de R and a 0.2 rom cell.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20 mg of the substance to be
examined in 2.5 mL of tetrahydrofuran 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 solution (b) Dissolve 15.0 mg of nitrendipine
impurity A CRS in 2.5 mL of tetrahydrofuran R and dilute 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 (e) 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 (b)
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
identi.fU;ation CRS (containing impurities B and C) in 0.5 mL
of tetrahydrofuran R and dilute to 1.0 mL with the mobile
phase.

Column:
- size:1= 0.125 m, 0 = 4 mID;
- stationaryphase: irregular oetadeeylsilyl silica gelfor '

chromatography R (5 J.Ul1);
- temperature: 40 "C.

Mobile phase acetonitrile R, tetrahydrofuran R, uiaterR
(14:22:64 VIVIV).
F!ooI rate 1 mUmin.

Detection Spectrophotometer at 235 nm.

Injection 10 ul, of the test solution and reference
solutions (a), (d) and (e).

Run time 5 times the retention time of nitrendipine.

Identification of impurities Use the chromatogram supplied
with nirrendipine for peak identificaiion CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities B and C; use the chromatogram
obtained with reference solution (d) to identify the peak due
to impurity A.

Relat£veretention 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: minimum 2.0 between the peaks due to

impurity A and nitrendipine.

Limits:
- impurities B J C: 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);

- impurity A: not more than the area of the corresponding
peak in 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
with. reference solution (a) (0.10 per cent);

- total: maximum 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).
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DEFINITION
Content
Minimum 99.0 per cent VIVofNO.
This monograph applies to nitric oxide for medicinal use.

Solubility
Miscible with water.

Relative density
About 1.41.

IDENTIFICATION
A. Dilute 1 mL to 100 mL with water R. The solution is
strongly acid (2.2.4).

B. 0.2 mL of the solution obtained in 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 Y6 (2.2.2, MethodII).

Dilute 2 mL to 10 mL with waterR.

Chlorides (2.4.4)
Maximum 0.5 ppm.

To 5 g add 10 mL of water Rand 0.3 mL of silver nitrate
solution R2 and allow to stand for 2 min protected from light.
Any opalescence is not more intense than that of a standard
prepared at the same time in the same manner using 13 mL
of waterR, 0.5 mL of nitric acidR, 0.5 mL of chloride
standardsolution (5 ppm Cl) 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 carbonate R. After carbon
dioxide has evolved, evaporate to dryness. Dissolve the
residue in 15 mL of distilled waterR.

Iron (2.4.9)
Maximum 10 ppm.

Dissolve the residue obtained in the test for sulfated ash in
1 mL of dilute hydrochloric acidR and dilute to 20 mL with
waterR. Dilute 1 mL of this solution to 10 mL with waterR.

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 waterR and titrate with 1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).
1 mL of 1 M sodium hydroxide is equivalent to 63.0 mg
ofHN03•

STORAGE
Protected from light.

CHARACTERS
Appearance
Colourless gas which turns brown when exposed to air.

Solubility
At 20 °C and at a pressure of 101 kPa, 1 volume dissolves in
about 21 volumes of water.

PRODUCTION
Carbon dioxide
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.

Reference gas Mixture containing 3000 ppm VIV of carbon
dioxide Rl in nitrogen R.
Column:
- material: stainless steel;
- size: 1= 3.5 m, (2) =2 mID;
- stationary phase: ethylvinylbenzene-divinylbenzene

copolymer R;
-temperature: 50 °C.

Carrier gas helium for chromatography R.

Flow rate 15 mLlmin.

Detection Thermal conductivity.

Injection Loop injector.

System suitability:
- the.chromatograms obtained show a clear separation of

carbon dioxide from nitric oxide.

Limit:
- carbon dioxide: not more than the area of the

corresponding peak in the chromatogram obtained with
the reference gas (3000 ppm VIV).

Nitrogen
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.

Reference gas Mixture containing 3000 ppm VIVof
nitrogen R in helium for chromatography R.

Column:
- material: stainless steel;
- size: I = 3.5 m, (2) = 2 mID;
- stationary phase: molecular sieve for chromatography R

(0.5 nm);
- temperature: 50 °C.

Carrier gas helium for chromatography R.

Flow rate 15 mLlmin.

Detection Thermal conductivity.

Injection Loop injector.

System suitability:
- the chromatograms obtained show a clear separation of

nitrogen from nitric oxide.

Limit:
- nitrogen: not more than the area of the corresponding peak

in the chromatogram obtained with the reference gas
(3000 ppm VIV).

Nitrogen dioxide
Maximum 400 ppm VIV.

Ultraviolet absorption spectrophotometry analyser.

Gas to be examined The substance to be examined.

Reference gas (a) nitrogen Rl .

Reference gas (b) Mixture containing 400 ppm V/Vof
nitrogen dioxide R in nitrogen R.

10102-43-9

(Ph. Bur. monograph 1550)

NO 30.01

Nitric Oxide
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Nitrofurantoin

67-20-9238.2

Action and use
Antibacterial.

Preparations
Nitrofurantoin Oral Suspension

Nitrofurantoin Tablets

(ph. Bur. monograph 0101)

D. N20: nitrous oxide,

E. H20: water.

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-2-yl)methylene] amino]imidazolidine-2,4-dione,
calculated with reference to the dried substance.

CHARACTERS
A yellow, crystalline powder or yellow crystals, very slightly
soluble in water and in ethaJ1()L(96 per cent), soluble in
dimethylformamide.

IDENTIFICATION
A. Carry out the testprotected from bright light. Use the solution
prepared for the assay. Examined between 220 nm and
400 nm (2.2.25), the solution shows two absorption maxima,
at 266 nm and 367 nm. The ratio of the absorbance at the
maximum at 367 nm to that at the maximum at 266 nm is
1.36 to 1.42.

B. Dissolve about 10 mg in 10 mL of dimethylformamide R.
To 1 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 coating substance.

Testsolution Dissolve 0.25 g of the substance to be
examined in a minimum of dimethylformamide R and dilute to
10 mL with acetone R.
Reference solution Dilute 1 mL of the test solution to
100 mL with acetone R.
Apply separately to the plate 10 ul, of each solution. Develop
over a path of 15 cm using a mixture of 10 volumes of
methanol R and 90 volumes of nitromethane R. Allow the plate
to dry in air and heat at 100°C to 105°C for 5 min.
Examine in ultraviolet light at 254 nm. 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 obtained with the reference solution
(1.0 per cent).

Apparatus:
- an ultraviolet-visible light source (analytical wavelength

about 400 nm);
- 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 zero of the instrument using reference gas (a)

through the sample gas cell at a flow rate of 1 Umin;
- adjust the span while feeding reference gas (b) through

the sample gas cell at a flow rate of 1 Umin;
- feed the gas to be examined through the sample gas cell

at a flow rate of 1 Lrnin, read the value from the
instrument output and calculate, if necessary, the
concentration of nitrogen dioxide.

Nitrous oxide
Gas chromatography (2.2.28).

Gas to beexamined The substance to be examined.

Reference gas Mixture containing 3000 ppm VIV of nitrous
oxide R in nitrogen R.
Column:
- material: stainless steel;
- size: l = 3.5 m, 0 = 2 mm;
- stationary phase: ethylvinylbenzene-divinylbenzene

copolymer R;
- temperature: 50 "C.
Carriergas helium for chromatography R.

Flow rate 15 mf./min,

Detection Thermal conductivity.

Injection Loop injector.

System suitability:
- the chromatograms obtained show a clear separation of

nitrous oxide from nitric oxide.

Limit:
- nitrous oxide: not more than the area of the corresponding

peak in the chromatogram obtained with the reference gas
(3000 ppm V/V).

Water (2.5.28)
Maximum 100 ppm VIV:

Assay
Determine the content of nitric oxide by difference using the
mass balance equation after determining the sum of the
impurities described under.Production.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of nitric oxide.

STORAGE
Compressed at a pressure not exceeding 2.5 MPa (25 bar)
measured at 15°C, in suitable containers complying with the
legal regulations.

IMPURITIES
Specified impurities A, B, C, D, B.

A. CO 2 : carbon dioxide,

B. N2: nitrogen,

C. N02: nitrogen dioxide,
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Reference solution Dissolve 10 mg of nitrofural CRS in
methanol R and dilute to 10 mL with the same solvent.

Plate TLC silica gel G plateR.

Mobile phase methanol R, nitromethane R (10:90 VIV).
Application 5 J,LL.
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, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. Dissolve about 1 mg in 1 ml, of d~methYlformamide R and
add 0.1 mL of alcoholic potassium 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 carbon dioxide-free waterR. Shake
and filter.

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 mobile phase.

Reference solution (a) Dissolve 10.0 mg of nitrofural
impurity B CRS in the mobile phase and dilute to 20.0 mL
with the mobile phase. Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 10 mg of the substance to be
examined and 10 mg of nitrofurantoin R 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 solution (c) Dissolve with the aid of ultrasound the
contents of a vial of nitrofural forpeak identification CRS
(containing impurities A and B) in 1.0 mL of the mobile
phase.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1JlI1).

Mobzle phase acetonitrile R, waterR (40:60 VIV).
Flow rate 1 mlJmin.

Detection Spectrophotometer at 310 nm.

Injection 20 ilL.

Run time 10 times the retention time of nitrofural.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities A and B.

Relative retention With reference to nitrofural (retention
time = about 4 min): nitrofurantoin =about 1.2;
impurity B = about 4.0; impurity A = about 7.6.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

nitrofural and nitrofurantoin.

Limits:
- impurities A, B: for each impurity, not more than the area

of the principal 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 principal peak in the

59-87-0198.1

(Nitrofural, Ph. Eur. monograph 1135)

Action and use
Antibacterial; topical antiprotozoal.

STORAGE
Store protected from light, at a temperature below 25°C.
____________________ PhEur

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 1.0 g.

ASSAY
Carry out the assayprotected from brightlight Dissolve 0.120 g
in 50 mL of dimethylformamide R and dilute to 1000.0 mL
with water R. Dilute 5.0 mL of the solution to 100.0 mL
with a solution containing 18 gIL of sodium acetate R and
0.14 per cent VIV of glaci'al acetic acid R. Measure the
absorbance (2.2.25) at the absorption maximum at 367 nm,
using the sodium acetate solution described above as
compensationliqtrid.

Calculate the content ofC8~405' taking the specific
absorbance to be 765.

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 identification: B.
Second identification: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry,
(2.2.25). Carry out the testprotected from bright light.

Test solution Use the solution prepared for the assay.

Spectralrange 220-400 nm..
Absorption maxima At 260 nm and 375 nm.

Absorbance ratio A3751A26o = 1.15 to 1.30.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison nitrofural CRS.

C. 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 the same
solvent.
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B. (5-nitrofuran-2-yl)methylene diacetate.

Solubility
At 20°C and at a pressure of 101 kPa, 1 volume dissolves in
about 62 volumes of water and about 10 volumes of ethanol
(96 per cent).

PRODUCTION
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 avoid stray light phenomena.

Reference gas (a) Nitrogen Rl.

Reference gas (b) Mixture containing 300 ppm VIVof carbon
dioxide R1 in nitrogen R1.

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of carbon dioxide in
the gas to be examined.

Carbon monoxide
Maximum 5 ppm VIV; determined using an infrared analyser
(2.5.25).

Gas to be examined The substance to be examined. It must
be filtered to avoid stray light phenomena.

Reference gas (a) Nitrogen R1.

Reference gas (b) Mixture containing 5 ppm VIV of carbon
monoxide R in nitrogen R1.

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.

Oxygen
Maximum 50 ppm VIV; 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 examined passes through a detection cell
containing an aqueous solution of an electrolyte, generally
potassium hydroxide. The presence of oxygen in the gas to
be examined produces variation in the electric signal
recorded at the outlet of the cell that is 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
constant readings are obtained.

Water (2.5.28)
Maximum 67 ppm VIV:

Assay
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.

Reference gas (a) Ambient air.

Reference gas (b) Nitrogen Rl.

Column:
- material: stainless steel;
- size: 1= 2 m, 0 = 2 rom;
- stationary phase: molecular sieve for chromatography R

(0.5 nm).

Carrier gas helium for chromatography R.

Flow rate 40 mIJmin.

Temperature:
- column: 50°C;
- detection: 130 "C.

Detection Thermal conductivity.

Injection Loop injector.

7727-37-9

DEFINITION
Content
Minimum 99.5 per cent VIVofNz.
This monograph applies to nitrogen for medicinal use.

CHARACTERS
Appearance
Colourless, odourless gas.

A. 1,2-bis [(5-nitrofuran-2-yl)methylidene]diazane,

Nitrogen

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B.

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)
(1.0 per cent);

- 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
Carry out the assayprotected from bright light.

Dissolve 60.0 mg in 20 mL of dimethylformamide R and dilute
to 500.0 mL with waterR. Dilute 5.0 mL of the solution to
100.0 mL with waterR. Prepare a reference solution in the
same manner using 60.0 mg of nitrofural CRS. Measure the
absorbances (2.2.25) of the 2 solutions at the absorption
maximum at 375 run.

Calculate the content of C~6N404 from the absorbances
measured and the concentrations of the solutions.

(Ph. Bur. monograph 1247)

Nitrogen shouldbe kept in approved metal cylinders, the shoulders
of which arepainted black and the remainder grey. The cylinder
should carry a label stating 'Nitrogen'.

Nz 28.01
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Inject reference 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.

System suitability:
- the chromatograms obtained show a clear separation of

oxygen and nitrogen.

Calculate the content of N z in the gas to be examined.

IDENTIFICATION
Firstidentification: A.
Second identification: 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 peak in the chromatogram obtained with
reference gas (b).

B.Ina 250 mL conical flask replace the air by the substance
to be 'examined. Place a burning or glowing splinter of wood
in theflask. The splinter is extinguished.

C. IIi a suitable test tube, place 0.1 g of magnesium R in
tumirigsClose the tube with a two-hole stopper fitted with a
glass.tube.reaching 'about 1 cm above the turnings. Pass the
substanceto be examined through the glass tube for 1 min
without heating, then for 15 min while heating the test tube
to a red glow. After cooling, add 5 mL of dihae sodium
hydroxide solution R. The evolving vapours change the colour
of moistened redlitmuspaperR blue.

TESTS
Carbon dioxide (2.1.6)
Maximum 300 ppm VIl7, determined using a carbon dioxide
detector tube.

Carbon monoxide (2.1.6)
Maximum 5 ppm VIlI, determined using a carbon monoxide
detector tube.

Water vapour (2.1.6)
Maximum 67 ppm VIV; determined using a water vapour
detector tube.

STORAGE
As a compressed gas or a liquid in appropriate containers
complying with the legal regulations.

IMPURITIES
Specifiedimpurities A, B, C, D.

A. COz: carbon dioxide,

B. CO: carbon monoxide,

C. Oz: oxygen,

D. HzO: water.
___:....- PhEur

Low-Oxygen Nitrogen
(Nitrogen, Low-Oxygen, Ph. Bur. monograph 1685)

Nz 28.01
PhEur _

DEFINITION
This monograph applies to nitrogen which is used for
inerting finished medicinal products which are particularly

Nitrogen II-423

sensitive to degradation by oxygen. It does not necessarily
apply to nitrogen used in earlier production steps. -

Content
Minimum 99.5 per cent TIlVofN2, 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 volwnes of alcohol.

PRODUCTION
Oxygen
Maximum 5 ppm VIl7, determined using an oxygen analyser
with a detector scale ranging from 0 ppm VlV to
100 ppm VIVand equipped with an electrochemical cell.

The gas to be examined passes through a detection cell
containing an aqueous solution of an electrolyte, generally
potassium hydroxide. The presence of oxygen in the gas to
be examined produces variation in the electric signal
recorded at the outlet of the cell that is proportional to' the
oxygen content.

Calibrate the analyser according to the manufacturer's
instructions. 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
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: l =2 m, 0 = 2 mm,
- stationary phase: appropriate molecular sieve for

chromatography (0.5 nm).

Carrier gas helium for chromatography R.

Flow rate 40 mIJmin.

Temperature:
- column: 50°C,
- detector. 130°C.

Detection Thermal conductivity.

Systemsuitability Reference gas (a): adjust the injected
volumes and operating conditions so that the height of the
peak due to nitrogen in the chromatogram obtained is at
least 35 per cent of the full scale of the recorder:
- the chromatogram obtained shows a clear separation of

oxygen and nitrogen.

Limit:
- total: not more than 0.5 per cent of the sum of the areas

of all the peaks (0.5 per cent VIV).

IDENTIFICATION
Firstidentification: A.

Second identification: 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 time to
the principal peak in the chromatogram obtained with
reference gas (b).
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B. In a 250 mL conical flask replace the air by the gas 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-hole stopper fitted with a
glass tube reaching about 1 em above the turnings. Pass the
gas to be examined through the glass tube for 1 min without
heating, then for 15 min while heating the test tube to a red
glow. After cooling, add 5 mL of dilutesodium hydroxide
solution R. The evolving vapours turn the colour of moistened
redlitmuspaper R 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.
_____________________ PhEur

Nitrous Oxide
(Ph. Eur. monograph 0416)

Nitrous oxideshould be kept in approved metalcylinders which
arepainted blueand carry a labelstating 'Nitrous Oxide'.
In addition, 'Nitrous Oxide' or the symbol 'N20' shouldbe
stencilled in paint on the shoulder of the cylinder.

NzO 44.01 10024-97-2

Action and use
General anaesthetic; analgesic.

PhEur _

DEFINITION
Content
Minimum 98.0 per cent VIV of NzO in the gaseous phase,
when sampled at 15 DC.

This monograph applies to nitrous oxide for medicinal use.

CHARACTERS
Appearance
Colourless gas.

Solubility
At 20 DC and at a pressure of 101 kPa, 1 volume dissolves in
about 1.5 volumes of water.

PRODUCTION
Nitrous oxide is produced from ammonium nitrate by
thermic decomposition.

Examine the gaseous phase.

If the test is performed on a cylinder, keep the cylinder at room
temperature for at least 6 h before carrying out the tests. Keep the
cylinder in the vertical position with the outletvalve uppermost.

Carbon dioxide
Gas chromatography (2.2.28).

Gas to beexamined The substance to be examined.

Reference gas A mixture containing 300 ppm VIV of carbon
dioxide R1 in nitrous oxideR.

Column:
- material: stainless steel;
- size: 1= 3.5 m, 0 = 2 rom;

2020

- stationaryphase: ethylvinylbenzene-divinylbenzene
copolymer R.

Carrier gas heliumfor chromatography R.

Flow rate 15 mUmin.

Temperature:
- column: 40 DC;
- detector: 90 DC.

Detection Thermal conductivity.

Injection 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 more than the area of the

corresponding peak in the chromatogram obtained with
the reference gas (300 ppm VIV).

Carbon monoxide
Gas chromatography (2.2.28). When the test is carried out on a
cylinder, use thefirst portion of gas to be withdrawn.

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 m, 0 = 4 mm;
- stationary phase: suitable molecular sieve for

chromatography (0.5 nm).

Carrier gas heliumfor chromatography R.

Flow rate 60 mUmin.

Temperature:
- column: 50 DC;
- injection port and detector: 130 DC.

Detection Flame ionisation with methaniser.

Injection Loop injector.

Adjust the injected volumes and the operating conditions so
that the height of the peak due 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 peak in 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 mixture containing 2 ppm VIVof
nitrogen monoxide R in nitrogen Rl .

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). 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 result obtained by the quenching correction
factor in order to correct the quenching effect on the analyser
response caused by the nitrous oxide matrix effect.
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_____________________ PhEur

The quenching correction factor is determined by applying a
known reference mixture of nitrogen monoxide in nitrous
oxide and comparing the actual content with the content
indicated by the analyser which has been calibrated with an
NOIN2 reference mixture.

76963-41-2331.5

(ph. Eur. monograph 1453)

PhEur _

Action and use ~.'
Histamine Hz receptor antagonist; treatment of peptic ulcer.

Preparation
Nizatidine Infusion

Nizatidine

DEFINITION
(EZ)-N- [2-[[[2- [(Dimethylamino)methyl]thiazol-4-yl] methyl]
sulfanyl]ethyl]-N'-methyl-2-nitroethene-l,1-diamine.

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: G:
Secondidentification: A~.B~ p.
A. Melting point (2.2.14): 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 with 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 nm and 325 nm.

Absorbance ratio A32slA242 = 2.2 to 2.5.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison nizatidine CRS.

D. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 50 mg of nizatidine CRS in
methanolR and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 50 mg of nizatidine CRS and
50 mg of ranitidine hydrochloride CRS in methanolRand
dilute to 10 mL with the same solvent.

Plate TLC silica gelplate R.

Mobilephase waterR, concentrated ammonia R1,
2-propanol R, ethylacetate R (4:8:30:50 VIVIVIV).

Application 5 ilL.
Development Over 2/3 of the plate.

Drying In air.

Detection Expose to iodine vapour until the spots are clearly
visible. Examine in daylight.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

actual nitrogen monoxide content

indicated nitrogen monoxide content
Quenching correction factor

Water
Maximum 67 ppm VIV; determined using an electrolytic
hygrometer (2.5.28).

Assay
Infrared analyser (2.5.35).

Gas to be examined The substance to be examined. It must
be filtered to avoid stray light phenomena.

Reference gas (a) Nitrous oxide R.

Reference gas (b) A mixture containing 5.0 per cent V/Vof
nitrogen RJ and 95.0 per cent VIVof nitrous oxide R.

Calibrate the.apparatus and set the sensitivity using reference
gases (a) and.tb). Measure the content of nitrous oxide in
the gas to be:examined.

IDENTIFICATION
First identification: A.
Second ideruificationt'B, C.
A. It complies with the limits of the assay.

B. Place a glowing splinter of wood in the substance to be
examined: The splinter bursts into flame.

C. Introduce the substance to be examined into alkaline
pyrogallol solution R. A brown colour does not develop.

TESTS
Examine the gaseous phase.

If the testis performed on a cylinder, keep the cylinder of the
substance to be.examinedat room temperature for at least6 h
before carrying out the tests. Keep the cylinder in the vertical
position with the outletvalve uppermost.

-Carbon dioxide
Maximum 300 ppm VIV; 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). When the test is carried out on a cylinder,
use the first portion of the gas to be withdrawn.

Nitrogen monoxide and nitrogen dioxide
Maximum 2 ppm VIV; 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
Specified impurities A~ B~ C~ D~ E.

A. CO2: carbon dioxide,

B. CO: carbon monoxide,

C. NO: nitrogen monoxide,

D. N02: nitrogen dioxide,

E. H 20: water.
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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
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y5 (2.2.2, Method II).

Dissolve 0.2 g in a 10 gIL solution of hydrochloric acidRand
dilute to 20 mL with the same solution.

pH (2.2.3)
8.5 to 10.0.

Dissolve 0.2 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobile phase A
(15:85 VIV).

Test solution (a) Dissolve 50 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Test solution (b) Dissolve 15.0 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 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 15.0 mg of nizatidine CRS 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 nizatidine impurity F CRS in the
solvent mixture and dilute to 100.0 mL with the solvent
mixture.

Reference solution (d) Dissolve 5 mg of 2-(dimethylamino)
thioacetamide hydrochluride R (impurity H hydrochloride) in
the solvent mixture and dilute toIu.O mL with the solvent
mixture. Dilute 1.0 mL of the solution to 20.0 mL with the
solvent mixture. Use 1.0 mL of this solution to dissolve 5 mg
of nizatidine for system suitabilityCRS (containing impurities
A, B, C, D, G, J and K).

Column:
- size: 1=0.25 m, 0 =4.6 mID;
- stationaryphase: oetadecylsilyl silica gelfor chromatography R

(5 um),

Mobilephase:
---: mobilephase A: dissolve 5.9 g of ammonium acetate R in

760 mL of water R, add 1 mL of diethylamine R, and
adjust to pH 7.5 with. acetic acid R;

- mobilephase B: methanolR;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent V/Jl)

0-3 85 15

3 -20 85 - SO 15 -> 50

20 - 45 50 50

Ploto rate 1.0 mL'min.
Detection Spectrophotometer at 254 nm.

Injection 20!!L of test solution (a) and reference
solutions (a), (c) and (d), "

2020

Identification of impurities Use the chromatogram supplied
with nizatidinefor system suitability CRS and the
chromatogram obtained with reference solution (d) to
identify the peaks due to impurities A, B, C, D, G, H, J and
K; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity F.
Relative retention With reference to nizatidine (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:
- resolution: minimum 2.0 between the peaks due to

nizatidine and impurity F in the chromatogram obtained
with reference solution (c); minimum 1.5 between "the
peaks due to impurities A and K in the chromatogram
obtained with reference solution (d).

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B =1.7;
impurity D = 2.3; impurity H = 0.5;

- impurities A, B, C, D, F, G, H, J~ K: 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);

- 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 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 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.

Mobilephase Mobile phase B, mobile phase A (35:65 V/1/).

Injection Test solution (b) and reference solution (b).

Retention time Nizatidine =9 min.

Calculate the percentage content of ClzHzlNsOzSz taking
into account the assigned content of nizatidine CRS.

IMPURITIES
Specified impurities A, B~ C, D~ F, G, H, J, K.

Other detectable impurities (the following 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 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 for pharmaceutical use) E~ 1.
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A. N,N'-dimethyl-2-nitroethene-1,1-diamine,

B. (BZ)-N-methyl-1-(methylsulfanyl)-2-nitroethen-l-amine,

1. N- [2- [[[2-[(dimethyl amino)methyl] thiazol-4-yl] methyl]
sulfanyl]ethyl] -N'-methylurea,

J. [2-[(dimethylamino)methyl]thiazol-4-yl] methanol,

C. (BZ)-N-[2-[[[2-[(dimethylamino)methyl]thiazol-4-yl]
methyl] sulfinyl]ethyl]-N'-methyl-2-nitroethene-l,1
diamine,

K. 3-(methylamino)-5,6-dihydro-2H-1 ,4-thiazin-2-one oxime.
______________--'- PhEur

Nomegestrol Acetate
(Ph. Bur. monograph 1551)

D. 2-[ [[2- [(dimethylamino)methyl] thiazol-4-yl]methyl]
sulfanyl]ethanamine,

o
CH3

PhEur _

DEFINITION
6-Methyl-3,20-dioxo-19-norpregna-4,6-dien-17-yl acetate.

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 soluble in acetone,
soluble in ethanol (96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nomegestrol acetate CRS.

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

Dissolve 1.0 g in methylene chloride R and dilute to 10 mL
with the same solvent.

Specific optical rotation (2.2.7)
-60.0 to -:-64.0 (dried substance).

58652-20-3370.5

Action and use
Progestogen.

G. N,N'-bis[2-[[[2-[(dimethylamino)methyl]thiazol-4-yl]
methyl]sulfanyl] ethyl]-2-nitroethene-l,1-diarnine,

F. (EZ)-N-methyl-N'-[2-[[[4-[[[2-[[(EZ)-1-(methylamino)-2
nitroethenyl] amino] ethyl] sulfanyl]methyl]thiazol-2-yl]
methyl] sulfanyl]ethyl]-2-nitroethene-l, l-diarnine,

E. N- [2-[[[2- [(dimethylamino)methyl] thiazol-4-yl]methyl]
sulfanyl]ethyl]-2-nitroacetamide,

H. 2-(dimethylamino)thioacetamide,
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Dissolve 0.500 gin anhydrrrr.fs ethanolR 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 methanolR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dilute 1.0 m.L of the test solution to
200.0 mL with the mobile phase.

Reference solution (b) Dissolve 25.0 mg of nomegestrol acetate
impurityA CRS in methanol R and dilute to 50.0 mL with the
same solvent.

Reference solution (c) Dissolve 25.0 mg of nomegestrol
acetate CRS in 20 mL of methanolR:1 add 0.25 mL of
reference solution (b) and dilute to 50.0 mL with the mobile
phase.

Column:
- size: 1= 0.25 rn, 0 =4.6 mm;
- stationary phase: oetadecylsilyl silicagelfor chromatography R

(5 urn).

Mobzle phase acetonitrile R, methanol R, waterR
(24:38:38 V/V/V).

Flow rate 1.3 mUmin.

Detection Spectrophotometer at 245 nm and at 290 nm.

Injection 10 ilL.

Run time 1.5 times the retention time of nomegestrol
acetate.

Retention time At 245 nm.: nomegestrol acetate = about
17 min; impurity A =about 18.5 min.

System suitabzlity Reference solution (c) at 245 nm:
- peak-to-valley ratio: minimum. 5:1 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
nomegestrol acetate.

Limits:
- impurityA at 245 nm: not more than 0.4 times the area of

the corresponding peak in the chromatogram obtained
with reference solution (c) (0.2 per cent);

- unspecified impurities at 245 nm: for each impurity, not
more than 0.2 times the area of the peak due to
impurity A in the chromatogram obtained with reference
solution (c) (0.10 per cent);

- unspecified impurities at 290 nm: for each impurity, not
more than 0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- sum of impurities otherthan A at 290 nm and 245 nm:
maximum 0.3 per cent;

- disregard limit at 245 mn: 0.1 times the area of the peak
due to impurity A in the chromatogram obtained with
reference solution (c) (0.05 per cent);

- disregard limit at 290 mn: 0.04 times the area of the
principal peak in the chromatogram obtained with
reference 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
an oven at 105°C.

ASSAY
Dissolve 50.0 mg in anh;ydrous ethanol R and dilute to
100.0 mL with the same solvent. Dilute 2.0 mL of this
solution to 100.0 mL with.anhydrous ethanol R. Measure the
absorbance (2.2.25) at the absorption maximum at 287 nm.

2020

Calculate the content of C23H3004 taking the specific
absorbance to be 685.

STORAGE.
Protected from light.

IMPURITIES
Specified impurities A.

o

A. 6a.-methyl..;3,20-dioxo-19-norpregn-4-en-17-yl acetate.
____________________ PhEur

Nonoxinol9
(Ph. Bur. monograph 1454)

Action and use
Spermatocide,

PhEur ~ _

DEFINITION
a.-(4-Nonylphenyl)-ro-hydroxynona(oxyethylene).

Mixture consisting mainly of monononylphenyl ethers of
macrogols corresponding to the formula: C9H19C6H4
[OCH2-CH2]n-OH where the average value of n is 9. It may
contain free macrogols.

CHARACTERS
Appearance
Clear, colourless or light yellow, viscous liquid.

Solubility
Miscible with water, with ethanol (96 per cent) and with
vegetable oils.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison nonoxinol 9 CRS.

Preparation Film between sodium chloride R plates.

B. Cloud point (see Tests).

TESTS
Acidity or alkalinity
Boil 1.0 g with 20 mL of carbon dioxide-free water R for
1 min, with constant stirring. Cool and filter. To 10 mL of
the filtrate, add 0.05 mL of bromothymol blue solution Rl.
Not more than 0.5 mL of 0.01 M hydrochloric 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 waterR. Transfer about 30 mL of
this solution into a test-tube, heat on a water-bath and stir
continuously until the solution becomes cloudy. Remove the
test-tube 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
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2020 Noradrenaline Acid Tartrate 11-429

PhEur _

____________________ PhEur

Noradrenaline Acid Tartrate I
Norepinephrine Acid Tartrate
(Noradrenaline Tartrate, Ph. Bur. monograph 0285)

H, OH H OH

Hoif~' NH2 X JCO HI . . H0 2C- X 2. H20

HO .# H OH

Time Mobile phase A Mobile phase B Flow rate
(min) (per cent VIJl) (per cent VIJl) (mUntin)

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 TIm, except for
impurity F: spectrophotometer at 254 nrn.

Injection 20!1L of the test solution and reference
solutions (a), (b) and (d).

Relativeretention With reference to noradrenaline (retention
time = about 3 min): impurity B = about 1.5;

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BYs (2.2.2, Method II).
Dissolve 0.2 g in water R and dilute to 10 mL with the same
solvent. Examine the solution immediately.

Related substances
Liquid chromatography (2.2.29). Protect thesolutions from air.
Remove oxygen from the mobile phases with nitrogen R
immediately before use. HIl up theflasks.

Testsolution 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 10.0mL 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 1 mL of
this solution add 0.1 mL of strong hydrogen peroxide solution R
and expose to UV light at 254 run 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 B CRS in
mobile phase A and dilute to 100 mL with mobile phase A.
Reference solution (d) Dissolve 5 mg of noradrenaline
impurityF CRS in mobile phase A and dilute to 10 mL with
mobile phase A. To 1 mL of this solution, add 1 mL of
reference solution (c) and dilute to 20 mL with mobile
phase A.

Column:
- size: l = 0.10 m, 0 = 4.6 mm;
~ stationary phase: end-capped monolithic octadecylsilyl

silica gel for chromatography R;
- temperature: 25°C.

Mobt7e phase:
- mobile phase A: dissolve 0.50 g of sodium heptanesulfonate R

in waterfor chromatography R and dilute to 1000 mL with
the same solvent; adjust to pH 2.2 with phosphoric acidR;

- mobile phase B: dissolve 0.25 g of sodium heptanesulfonate R
in waterfor chromatography R and dilute to 500 mL with
the same solvent; add 500 mL of acetonitrile for
chromatography R and adjust the apparent pH to 2.4 with
phosphoric acidR;

108341-18-0337.3

Action and use
Alpha-adrenoceptor agonist.

Preparation
Noradrenaline Injection/Norepinephrine Injection

DEFINITION
(lR) -2-Amino-1-(3,4-dihydroxyphenyl)ethanol hydrogen
(2R,3R)-2,3-dih.ydroxybutanedioate 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
metabisulfite 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 with 3 quantities,
each of 2 mL, of waterR, then with 5 mL of ethanol
(96 per cent) 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 base prepared as described
in identification test A 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).

becomes sufficiently clear that the entire thermometer bulb is
plainly seen.

Ethylene oxide and dioxan (2.4.25)
Maximum. 1 ppm of ethylene oxide and maximum 10 ppm
ofdioxan.

Water (2.5.12)
..Maximum 0.5 per cent, determined on 2.00 g.

Total ash (2.4.16)
M.axiinum. 0.4 per cent, determined on 1.0 g.

STORAGE
In an airtight container.
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11-430 Noradrenaline Hydrochloride

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.

Limits:
- correction factors: 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 nm: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- impurities B, D, Eat 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 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 peak in the chromatogram obtained with
reference solution (a) (0.05 per cent).

Water (2.5.12)
4.5 per cent to 5.8 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 gin 50 mL of anhydrous acetic acidR, heating
gently if necessary. Titrate with 0.1 M perchloric acid using
0.1 mL of crystal violetsolution R as indicator, until a bluish
green colour is obtained.

1 mL of 0.1 M perchloric acid is equivalent to 31.93 mg
of C1zH17N09•

STORAGE
In an airtight container or preferably in a sealed tube under
vacuum or under an inert gas, protected from light.

IMPURITIES
Specified impurities B, D, B, F.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby 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 for pharmaceutical use) A, C, G.

H\ OH H

Hoif~'N-,1 CH3

HO . #

2020

B. 2-amino-l-(3.,4-dihydroxyphenyl)ethanone
(noradrenalone),

C.4-(2-aminoethyl)benzene-l,2-diol.(dopamine),

H O-CH3

HO~NH'
HO~

D. 4[(lR)-2-amino-l-methoxyethyl]benzene-1,2-diol
(noradrenaline methyl ether),

o

HO~~.Cl

1#
HO

E. 2-chloro-l-(3,4-dihydroxyphenyl)ethanone,

F. N-benzyl-l-phenylmethanamine,

ijl
o ~

HO~No
HO~ . ~

1#

G. 2-(dibenzylamino)-1-(3,4-dihydroxyphenyl)ethanone.
____________________ PhEur

Noradrenaline Hydrochloride I
Norepinephrine Hydrochloride
(Noradrenaline Hydrochloride, Ph. Bur. monograph
0732)

H OH

Hoif~..... NH2
, HCI

HO #

A. 4-[(lR)-1-hydroxy-2-(methylamino)ethyl]benzene-1,2-diol
(adrenaline), 205.6 329-56-6

Action and use
Alpha-adrenoceptor agonist.

PhEur ----__

DEFINITION
(lR)-2-Amino-1-(3.,4-dihydroxyphenyl)ethanol hydrochloride.
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Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or brownish-white, crystalline powder.

Solubility
Very soluble in water, slightly soluble in ethanol
(96 per cent).

It becomes coloured on exposure to air and 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 mL of a 5 gIL solution of sodium
metabisulfite.R and make alkaline by addition 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 per cent) R and finally with 5 mL of methylene
chloride R and dry in vacuofor 3 h.·

Comparison Use noradrenaline base prepared as above from
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 to
25.0 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than a mixture of 0.2 mL of blue primary solution, 0.4 mL
of yellow primary solution, 0.4 mL of red primary solution
and 9 mL of a 13.7 per cent V/V solution of diiute
hydrochloric acid R (2.2.2, Method II).

Dissolve 0.2 g in carbon dioxide-free waterR and dilute to
10 mL with the 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 -41 (anhydrous substance), determined on solution S.

Related substances
Liquid chromatography (2.2.29). Protect the solutions from air.
Remove oxygen from the mobile phases with nitrogen R
immediately before use. Fill up theflasks.
Test solution Dissolve 0.125 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 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 1 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
impurity D CRS and 5 mg of noradrenaline impurity E CRS in
mobile phase A and dilute to 100 mL with mobile phase A.

Noradrenaline Hydrochloride II-431

Reference solution (d) Dissolve 5 mg of noradrenaline
impurityF CRS in mobile phase A and dilute to 10 .ml, with
mobile phase A. To 1 mL of this solution, add 1 mL of
reference solution (c) and dilute to 20 mL with mobile
phaseA.

Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- stationary phase: end-capped monolithic octadecylsilyl

silica gel for chromatography R;
- temperature: 25 °e. -
Mobile phase:
- mobile phaseA: dissolve 0.50 g of sodium heptanesulfonate R

in waterfor chromatography R and dilute to 1000 mL with
the same solvent; adjust to pH 2.2 with phosphoric acidR;

- mobile phaseB: dissolve 0.25 g of sodium heptanesulfonate R
in waterfor chromatography R and dilute to 500 mL with
the same solvent; add 500 mL of acetonitrile for
chromatography R and adjust the apparent pH to 2.4 with
phosphoric acid R;

Time Mobile phase A Mobile phase B Flow rate
(min) (per cent VJlI) (per cent VJlI) (mLImin)

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 nm, except for
impurity F: spectrophotometer at 254 nm.

Injection 20 ul, of the testsolution and reference
solutions (a), (b) and (d).

Relativeretention 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.

Limits:
...,...,. correction factors: 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 D 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);

- impurity 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 other 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 impurities at 280 nm and impun'ty F at 254 nm:
maximum 0.7 per cent;
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_________-'-- PhEur

E. 2-chloro-I-(3,4-dihydroxyphenyl)ethanone,

68-22-4

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

298.4

CH

£tBP
' . CH3.' OH

H H

H H
o #

(Ph. Bur. monograph 0234)

Norethisterone

F. N-benzyl-l-phenylmethanamine,

o

HO~Cl

HO~

G. 2-(dibenzylamino)-I-(3,4-dihydroxyphenyl)ethanone.

~
o ~

HO~No
HO~ ~

1#

H.. OH H

HOif"N,I CH3

HO #

- 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.

ASSAY
In order to avoid overheating in the reaction medium, mix
thoroughly throughout and stop the titration immediately after the
end-point has been reached.

Dissolve 0.180 gin 50 mL of acetic anhydride R and add
10 mL of anhydrous formic acidR. 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 20.56 mg
of CSH1ZClN0 3-

STORAGE
In an airtight container, or preferably in a sealed tube under
vacuum or under an inert gas, protected from light.

IMPURITIES
Specified impurities B, D, E, F.

Otherdetectable impurities (the following substances 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/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) A, C, G.

A. 4-[(lR)-1-hydroxy-2-(methylamino)ethyl]benzene-I,2-diol
(adrenaline),

Action and use
Progestogen.

Preparations
Norethisterone Tablets

Estradiol and Norethisterone Tablets

PhEur _

B. 2-amino-1-(3,4-dihydroxyphenyl)ethanone
(noradrenalone) ,

HO~NH2

HO~

C. 4-(2-aminoethyl)benzene-l,2-diol (dopamine),

H OCH3

HO~NH2

HO~

D. 4-[(IR)-2-amino-l-methoxyethyl]benzene-l,2-diol
(noradrenaline methyl ether),

DEFINITION
17-liydroxy-19-nor-17~-pregn-4-en-20-yn-3-one.

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

CHARACTERS
Appearance
White or yellowish-white, crystalline powder.

Solubility
Practically insoluble in water, soluble in methylene chloride,
sparingly soluble in acetone and in anhydrous ethanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison norethisterone CRS.

TESTS
Specific optical rotation (2.2. 7)
-32.0 to -37.0 (dried substance).

Dissolve 0.250 g in acetone R and dilute to 25.0 mL with the
same solvent.
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Related substances
Liquid chromatography (2.2.29).

Test solu.tion Dissolve 25.0 mg of the substance to be
examined in a mixture of 40 volumes of water R and
60 volumes of acetonitrile Rl and dilute to 10.0 rnL with the
same mixture of solvents.

Reference solution (a) Dissolve 5 mg of norethisterone for
system suitabiliry CRS (containing impurities A, B, C, D, E,
F, G and If) in a mixture of 40 volumes of waterRand
60 volumes of acetonitrile Rl and dilute to 2.0 mL with the
same mixture of solvents.

Reference solution (b) Dilute 1.0 rnL of the test solution to
100.0 mL with a mixture of 40 volumes of waterRand
60 volumes of acetonitrile Rl. Dilute 1.0 rnL of this solution .
to 10.0 mL with a mixture of 40 volumes of water Rand
60 volumes of acetonitrile Rl.

Column:
- size: l = 0.15 m, 0 = 4.6 mm,
- stationary phase: spherical end-capped ocrylsilyl silica gelfor

chromatographyR (5 um).

Mobile phase:
- mobilephase A: waterR;
- mobile phaseB: acetonitrile Rl;

Flowrate 1.0 mIJmin.

Detection Variable wavelength spectrophotometer capable of
operating at 254 nm and at 210 nm.

Injection 20 llL.
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, C, D, E, F, G and H.

Relativeretention at 254 nm With 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 nm:
- resolution: baseline separation between the peaks due to

impurity B and norethisterone;
- peak-to-valley 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 lowest point of the
curve separating this peak from the peak due to
impurity B.

Limits Spectrophotometer at 254 nm:
- 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, G~ 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);

- impurities A, B, F: 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)

0-20

20 - 25

25 - 35

Mobile phase A
(per cent VIV)

63

63 -+ 20

20

Mobile phase B
(per cent VIV)

37

37 -+ 80

80

- 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 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).

Limits Spectrophotometer at 210 nm:
- impurities C~ 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).

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 3 h.

ASSAY
Dissolve 0.200 gin 40 mL of tetrahydrofuran R. Add 10 mL
of a 100 gIL solution of silver nitrate R and titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Rinse the electrode with acetone R
after each titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 29.84 mg
of CZOHZ60Z'

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H.

CH

ogP
CH3f OH

H H

H H
o # #

A. 17-hydroxy-19-nor-17Cl-pregna-4,6-dien-20-yn-3-one,

~
CH' O

H H

H H
o-. #

B. estr-4-ene-3,17-dione (norancirostenedione),

CH

ogP
CH3l OH

H H

H H
o ~

C. 17-hydroxy-19-nor-17Cl-pregn-5-en-20-yn-3-one,

CH

oo#oH
D. 17-hydroxy-19-nor-17Cl-pregn-5(10)-en-20-yn-3-one,
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____________________ PhEur

a
0 ...... 100

100

Mobile phase B
(per cent VIV)

100

100 ...... a
a

Mobile phase A
(per cent VIV)

Time
(min)

0-17

17 - 20

20 - 39

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 shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison norethisterone acetate CRS.

If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in methylene chloride R, evaporate to dryness on a
water-bath and record new spectra using the residues.

TESTS
Specific optical rotation (2.2.7)
-35 to -30 (dried substance).

Dissolve 0.500 g in anhydrous ethanolR 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
examined in mobile phase A and dilute to 10.0 mL with
mobile phase A.

Test solution (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
norethisterone acetate for system suitability CRS (containing
impurities B, 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 norethisterone
acetate 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.

Column:
- size: l =0.25 m, 0 = 4.6 nun;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelforchromatography R (5 urn).

Mobilephase:
- mobile phase A: waterfor chromatography R, acetonitrile Rl

(40:60 V/V);
- mobile phase B: waterfor chromatography R, acetonitrile Rl

(10:90 V/V);

51-98-9340.5

HC~

H. 6~, 17-dihydroxy-19-nor-17ce-pregn-d-en-20-yn- 3-one (6~

hydroxynorethisterone) .

CH

CH3 ,f
, OH

F. 3-ethoxy-19-nor-17«-pregna-3,5-dien-20-yn-17-01,

CH
1/1

~.
' CH3:'OH

H H

~ ~
o .# ...

H' OH

G.17-hydroxy-19-norpregn-4-en-20-yn-3-one (17-epi
norethisterone),

E. 3-ethynyl-19-nor-17e-pregna-3,5-dien-20-yn-17-01,

(Ph. Bur. monograph 0850)

Norethisterone Acetate

Action and use
Progestogen.

Preparation
Estradiol and Norethisterone Acetate Tablets

PhEur _

DEFINITION
3-0xo-19-nor-17Cl-pregn-4-en-20-yn-17 -yl acetate.

Content
97.0 per cent to 102.0 per cent (dried substance).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 nm and, for
impurities Band C, at 210 nm.

Injection 20 ul, of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatograms supplied
with norethisterone acetate for system suitabzZity CRS and the
chromatograms obtained with reference solution (a) to
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identify the peaks due to impurities B, C, D + G, E, F
andH.

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; impurity B =about 1.6;
impurity H = about 2.8.

System suitability Reference solution (a) at 210 nm:
- peak-to-valley ratio: minimum 2.5, where Hp = height

above the baseline of 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.

Calculation of percentage contents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity e = 1.3; impurity F = 1.7;

- for each impurity, use the concentration of norethisterone
acetate in reference solution (b).

Limits: .
- impurities B., C.at 210 nm: for each impurity, maximum

0.3 per cent;
- impurities P, H: for each impurity, maximum 0.3 per cent;
- impurit'yB:~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 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 modification.

Injection Test solution (b) and reference solution (c).

Calculate the percentage content of CZZH2S03 taking into
account the assigned content of norethisterone acetate CRS.

IMPURITIES
Specified impurities B., C, D, E, P., G, H.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, I, J.

CH

/fI

oiW
CH3': OH

H H

H H
o ~

A. 17-hydroxy-19-nor-17cx-pregn-4-en-20-yn-3-one
(norethisterone),

Norethisterone Acetate 11-435

CH

DiW
H CH,'0yCH,

r 0
I H H

o

B. 3-oxo-19-nor-17cx-pregn-5(10)-en-20-yn-17-yl acetate,

e. 3-oxo-19-nor-17cx-pregn-5-en-20-yn-17-yl acetate,

o

D. 6~-acetyl-3-oxo-19-nor-17o-pregn-d-en-20-yn-17-yl
acetate,

o

oiWH
H CH3~~CH,

" 0
H H

o ~

E. 3,20-dioxo-19-nor-17Cl-pregn-4-en-17-yl acetate,

CH

~
. H H CH3'OyCH'

:: 0
H H

o #:
H OH

F. 6~-hydroxy-3-oxo-19-nor-17Cl-pregn-4-en-20-yn-17-yl
acetate,

G. 3,6-dioxo-19-nor-17Cl-pregn-4-en-20-yn-17-yl acetate,
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___~ PhEur

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methylene chloride R, evaporate to
dryness ina water-bath at 45 °C,dry in an oven at 105 DC
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 methanol R and dilute to 50 mL with the same
solution. The solution is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution B7 (2.2.2, Method II).

Related substances
Liquid chromatography (2.2.29).

Solventmixture Mix 5 volumes of acetonitrile Rand
95 volumes of waterR previously adjusted to pH 2.0 with
phosphoric acidR.

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 norfloxacin for 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 norfloxacin 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 m, 0 = 4.6 mm;
- stationary phase: end-capped amidohexadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 60 DC.

Mobile phase:
- mobile phase A: waterfor chromatography R adjusted to

pH 2.0 with phosphoric acidR;
- mobile phase B: acetonitrile R;

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

70458-96-7319.3

H. 3-(propan-2-yloxy)-19-nor-17cz-pregna-3,5-dien-20-yn-17
yl acetate,

oHf3
c..~o

H H

H Ii
o #

Norfloxacin

J. estr-4-ene-3,17-dione (norandrostenedione).

1. 3-ethoxy-19-nor-17et-pregna-3,5-dien-20-yn-17-yl acetate,

Action and use
Fluoroquinolone antibacterial.

Preparation
Norfloxacin Tablets

PhEur _

DEFINITION
l-Ethyl-6-fiuoro-4-oxo-7-(piperazin-l-yl)-l,4
dihydroquinoline-3-carboxylic acid.

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

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison norfloxacin CRS.

Time Mobile phase A Mobile phase B
(min) (per cent VIP) (per cent VIP)

0-5 95 5

5-7 95 ..... 93 5 ..... 7

7 - 10 93 ..... 87 7 ..... 13

10 - 15 87 ..... 47 13 ..... 53

15 - 20 47 -> 10 53 ..... 90

Flow rate 1.4 mUmin.

Detection Spectrophotometer at 265 nm.

Injection 20!J.L.

Identification of impurities 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 H; 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.

Relative retention With reference to norfioxacin (retention
time = about 11 min): impurity K = about 0.6;
impurity E =about 0.97; impurity A = about 1.5;
impurity H =about 1.6.
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System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurities A and H;
- peak-to-valley ratio: 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:
- impurities 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);

- 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 1.0 percent, determined on 1.000 g by drying
under high vacuum-at 105°C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.240 gin 80 mL of anhydrous acetic acid R. 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 31.93 mg of
C16HlSFN303.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specifiedimpurities E~ K.

Otherdetectable impurities (the following substances toould, if
present at a sufficient leoel, be detected by one or otherof 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 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, B~ C~ D, F~ G~ H~

I~ J.

A. 7-cWoro-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3
carboxylic acid,

Norfioxacin II-437

B. 7-[ (2-aminoethyl)amino]-1-ethyl-6-fluoro-4-oxo-1,4
dihydroquinoline-3-carboxylic acid,

C. 1-ethyl-4-oxo-6,7-di(piperazin-I-yl)-1,4-dihydroquinoline
3-carboxylic acid,

D. 1-ethyl-6-fluoro-7-(piperazin-1-yl)quinolin-4( lli)-one,

E. 7-chloro-l-ethyl-4-oxo-6-(piperazin-1-yl)-1,4
dihydroquinoline-3-carboxylic acid,

F. 6-chloro-1-ethyl-4-oxo-7-(piperazin-1-yl)-1,4
dihydroquinoline-3-carboxylic acid,

G. l-ethyl-6-fluoro-7-(4-formylpiperazin-l-yl)-4-oxo-1,4
dihydroquinoline-3-carboxylic acid,

H. 7-[4-(ethoxycarbonyl)piperazin-I-yl]-1-ethyl-6-fluoro-4
oxo-1,4-dihydroquinoline-3-carboxylic acid,
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1. 7-chloro-6-[4-(ethoxycarbonyl)piperazin-I-yl]-l-ethyl+
oxo-1,4-dihydroquinoline-3-carboxylic acid,

J. 6,7-bis [4-(ethoxycarbonyl)piperazin-I-yl]-l-ethyl-+oxo
1,4-dihydroquinoline-3-carboxylic acid,

HNl CH3

~NI'YN1
. F~C""H

o

Preparation Dilute the gas tobe examined in nitrogen R
(approximately 20:80 V/V depending on the sensitivity of the
spectrophotometer) .

Comparison Ph. Eur. reference spectrum of norfiurane.

B. Mass spectrometry (2.2.43).

Results The mass spectrum obtained with the gas to be
examined is similar to the mass spectrum of norfiurane
shown in Figure 2257.-1.

TESTS
Acidity
Maximum 0.1 ppm, expressed as HCl.

Transfer 200 mL of deionised waterR previously neutralised
to bromocresol purple solution R to a glass washing bottle fitted
with a distribution rube with a sintered-glass disc. Pass 750 g
of the gas to be examined through the water, at a rate of
about 60 IJh. Titrate with O. 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 deionised waterR.

1 mLof 0.02M sodium hydroxide is equivalent to 0.729 mg
ofRCI.

Non-volatile matter
Maximum 50 ppm.

Carry out the test using a glass double-wall vessel (see
Figure 2257.-2).

70

Phfur _

____________________ PhEur

Norflurane

,....--

I I
I I
I I
I I
I I
I I
I I
I -00·,"·1

l J
'-'-j

r---"'"

~

10

50

Figure 2257.-2. - Glass double-wall vessel

Dimensions in millimetres

LOo.....

Dry the removable part in an oven at 105 ± 2 DC 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 the mass of the sample by weight
difference. Using a suitable heating device such as a water
bath, heat the removable part such that the sample
evaporates in about 2 h. Dry the removable part in an oven
at: 105 ± 2 DC for 30 min. Allow to cool in a desiccator and

811-97-2102,0

(Ph. Eur, monograph 2257)

Action and use
General anaesthetic,

K, 6-fluoro-1-methyl-4-oxo-7-(piperazin-1-yl)-1,4
dihydroquinoline-3-carboxylic acid,

DEFINITION
1,1,1,2-Tetrafluoroethane (HFC 134a),

CHARACTERS
Appearance
Clear, colourless gas, liquid under pressure.

Solubility
At 20 DC and at a pressure of 101 kPa, slightly soluble in
water, freely soluble in ethanol (96 per cent).

Relative density
About 1.23 at 20 DC, for the gas in the liquid phase.

bp
About -26 DC.

It is a hygroscopic, non-flammable gas.

IDENTIFICATION
Carry out either test A or test B.
A. Infrared absorption spectrophotometry (2.2.24). Carry out

? the test. at atmospheric pressure.
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ILl [CF]+ 82 2,1 [CF2-CHF]+'

100.0 [CH2F]+ 83 88.2 [CF2-CH2F]+

1.5 [CF2]+' 100 0.3 [CFrCF]+'

13.2 [CHF2] + 101 0.9 [CFrCHF]+

7.4 [CF=CHFt 102 1.5 [CF3-CH2F]+'

72.9 [CF3] +

Figure 2257.-1. - Mass spearum of norflurane

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:

103 xm
M

m mass of residue, in milligrams;
M mass of sample, in grams.

Non-condensable gases
Maximum 1.5 per cent Vlv:.
Gas chromatography (2.2.28).

Gas to be examined 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: l =5 m, 0 =2 mm;
- stationary phase: oxypropionitrilsilyl silica gelfor

chromatography R (150-180 urn).

Carrier gas helium for chromatography R.

Flow rate 21 mlJrnin.
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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);
- trapcurrent: 0.2 rnA;
- mass range: 30-300 Da;
- scan rate: < 0.2 s/scan;
- temperaturi: ion source: 160 "C; transfer line: 200 "C.

Temperature:
- column: 80 ac;
- injection port: 150 "C;
- detector: 180 "C.

Detection Thermal conductivity.

Injection 150 J.LL loop injector.

Run time 10 min.

Relativeretention With reference to norflurane (retention
time = about 4 min): non-condensable gases = about 0.4.

Determine the concentration (VIV) 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 be examined 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 helium for
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.

Reference gas (b) Prepare a mixture of FC 1318my/c
(impurity S) and FC 1318my/t (impurity T) in helium for
chromatography R at a combined concentration of
approximately 20 ppm.

Reference gas (c) Prepare a mixture of CFC 114
(impurity L) and RCC 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 chromatography R.

Column:
- material: fused silica;
- size: 1=60 m, 0 =0.18 mm;
- stationary phase: poly[(cyanopropyV (phenyVl[dimethyl]

siloxane R (film thickness 111m).

Carrier gas heliumfor chromatography R.

Flow rate 1.1 mIJmin.

Split ratio 1:75.

Temperature:

Column

Injection port

Tune
(min)

0-2

2-7.2

7.2 -14

14 - 18.7

18.1- 21.2

Temperature
CC)
-25

-25 -> -12

-12 -> 15

15 -> 250

250

150

Injection 500 J.LL.
Identification of impurities Use the reconstructed ion
chromatogram obtained with reference gas (a) and the
information supplied in Table 2257.-1.

System suitability:
- resolution: minimum 1.4 between the peaks due to

FC 1318my/c (impurity S) and FC 1318my/t
(impurity T) in the chromatogram obtained with
reference gas (b);

- signal-to-noise ratio: minimum 10 each for CFC 114
(impurity L) and RCC 40 (impurity W) in the
chromatogram obtained with reference gas (c).

Selectivity - co-elution 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 of partsper million contents:
- 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 impurities
-'HFC 134 (impurityC): maximum 1000 ppm;
- HFC 152a (impurityE): maximum 500 ppm;
- CFC 12 (impurityA)~ HCFC 124 (impurity B): for each

impurity, maximum 100 ppm;
- HFC 143a (impurity D): maximum 50 ppm.

Unsaturated impurities
- CFC 1112a (impurity F)~ HCFC J 122 (impurity G)~

HFC 1225ye/c (impurity H)~ HFC 1243zf (impurity I): for
each impurity, maximum 5 ppm.

Other detectable impurities
- other saturated or unsaturated impurities or unknow impurities:

for each impurity, maximum 5 ppm;
- sum of otherdetectable impurities: 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
uptake of waterby thegas to beexamined duringthe 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.
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Table 2257.-1. - Norflurane impurities: quantification ions and relative retentions

Norflurane 11-441

Impurity Code Structure M r Quantification ion (nr/z) Relative retention

p CFC 13 CClF3 104 69 0.71

QQ HFC 23 CHF3 -70 51 0.73

IT HFC 1132a CH2=CF2 64 64 0.73

N CFC 115 CCIF2-CF3 154 85 0.77

D HFC 143a CH3-CF3 84 65/69* 0.81

SS HFC32 CH2F2 52 51/33* 0.81

II HFC 1123 CHF=CF2 82 63 0.82

MM HFC 125 CHF2-CF3 120 101 0.84

T FC 1318my/t CF3-CF=CF-CF3 200 131 0.84

S FC 1318my/c CF3-CF=CF-CF3 200 131 0.87

Q -.«: CFC 217ba CF3-CClF-CF3 204 85 0.93
"

KK',',~'·
.....

HFC 1234yf CH 2=CF-CF3 114 114 0.96
" ",'

RR HFC 245cb CH 3-CF2-CF3 134 65 0.98

Norfiurane HFC 134a CH2F-CF3 102 83 1

R
',c';

FC 115Bl CBrF2-CF3 198 119 1.03

H HFC 1225ye/c CHF=CF-CF3 132 113 1.10

E HFC 152a CH3-CHF2 66 65 1.11

pp HFC 161 CH3-CH2F 48 33/47* 1.11

I HFC 1243zf CH 2=CH-CF3 96 96 1.11

LL HFC 1234ze CHF=CH-CF3 114 114 1.14

A CFC 12 CC12F2 120 85 1.17

C HFC 134 CHF2-CHF2 102 51/83* 1.21

NN HFC 1336mzz1c CF3-CH=CH-CF3 164 95 1.30

GG HCFC 22 CHCIF2 86 51 1.32

L CFC 114 CCIF2-CClF2 170 85 1.63

M CFC 114a CC12F-CF3 170 1011103* 1.64

W HCC40 CH3Cl 50 52 1.67

G HCFC 1122 CHCl=CF2 98 98 1.72

DD HCFC 124a CHFrCCIF2 136 101 1.77

B HCFC 124 CHCIF-CF3 136 67 1.87

HH HCFC 31 CH2CIF 68 68 1.97

Y HCFC 1122a/c CHF=CCIF 98 98 2.03

0 CFC 12Bl CBrCIF2 164 85 2.08

AA HCFC 1131/t CHCl=CHF 80 80 2.19

00 HFC 152 CH 2F-CH2F 66 33 2,41

FF HCFC 133a CH 2CI-CF3 118 118 2.47

F CFC 1112a CC12=CF2 132 132 2.74

Z HCFC 1131/c CHCl=CHF 80 80 2.84

J CFC 11 CC13F 136 101 2.97

CC- HCFC 123a CHClF-CCIF2 152 67 3.15

BB HCFC 123 CHC12-CF3 152 83 3.18

K CFC 113 CC12F-CCIF2 186 151 3.18
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Impurity Code Structure Mr Quantification ion (m/z) Relative retention

X RCFC 112l!t CHCl=CCIF 114 114 3.25

V HCC30 CH2Cl2 84 49 3.29

EE RCFC 132b CClF2-CH2Cl 134 99 3.32

U RCC 1120 CHCI=CCh 130 95 359

* Depending on the actual chromatographic resolution and potentially overlapping compounds, it may be necessary to select a different quantification ion.

11-442 Norflurane

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, 1.

Other detectable impurities (the following substances would, if
present at a sufficientlevel, be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby 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) J, K, L, M, N, 0, P,
Q, R, S, T, U, V, w: X, 11:, Z, AA, BB, CC, DD, EE, FF,
GG, HH, II, JJ, KK, LL, NIM, NN, 00, PP, QQ, RR, SS.

A. dichlorodifiuoromethane (CFC 12 [75-71-8]),

H CIX and enantiomer
F CF3

B. (2RS)-2-chloro-l,I,I,2-tetrafiuoroethane (HCFC 124
[2837-89-0]),

C. I,I,2,2-tetrafiuoroethane (HFC 134 [359-35-3]),

D. I,I,I-trifiuoroethane (HFC I43a [420-46-2]),

E. I,I-difiuoroethane (HFC 152a [75-37-6]),

F

c'0F
CI

F. Ll-dichloro-Zz-difiuoroethene (CFC 1112a [79-35-6]),

F

CI~F

G. I-chloro-2,2-difiuoroethene CReFe 1122 [359-10-4]),

H. (lZ)-1,2,3,3,3-pentafluoroprop-l-ene (HFC 1225ye/c
[5528-43-8]),

2020

1. 3,3,3-trifluoroprop-l-ene (HFC 1243zf [677-21-4]),

J. trichlorofiuoromethane (CFC 11 [75-69-4]),

CI CI

FXxCI

F F

K. 1,1,2-trichloro-l ,2,2-trifiuoroethane (CFC 113 [76-13-1]),

FyF _CI
CI/ /(

F F

L. 1,2-dichloro-l,I,2,2-tetrafiuoroethane (CFC 114 [76-14
2]),

M.l,l-dichloro-l,2,2,2-tetrafiuoroethane (CFC lI4a
[374-07-2]),

N. l-chloro-l,1,2,2,2-pentafiuoroethane (CFC 115 [76-15
3]),

CBrCIF2

O. bromochlorodifiuoromethane (CFC 12BI [353-59-3]),

P. chlorotrifiuoromethane (CFC 13 [75-72-9]),

Xl
F3C CF3

Q. 2-chloro-I, 1,1,2,3,3,3-heptafiuoropropane (CFC 217ba
[76-18-6]),

R. I-bromo-l,I,2,2,2-pentafiuoroethane (FC 115Bl
[354-55-2]),
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2020

S. (2Z)-I,I,I,2,3,4,4,4-oetafluorobut-2-ene (FC 1318my/c
[1516-65-0]),

T. (2E)-I,I,1,2,3,4,4,4-oetafiuorobut-2-ene (FC 1318my/t
[1516-64-9]),

CI

CI I
~CI

U.l,I,2-trichloroethene (trichloroethylene, HCC 1120
" [79-01-6]),

V.dichIoromethane (methylene chloride, HCC 30 [75-09
2]),

C~CI

W.chloromethane (methyl chloride, HCC 40 [74-87-3]),

F

Cl~CI

X. (E)-1,2-dichloro-l-fluoroethene (HCFC 1121/t),

Y. (Z)-I-chloro-l,2-difluoroethene (HCFC 1122a/c [359-04
6]),

~F
CI

Z. (Z)-I-chloro-2-fluoroethene (HCFC 11311c [2268-31-7]),

CI~F

AA. (E)-I-chloro-2-fluoroethene(HCFC 1131/t [2268-32
8]),

BE. 1,I-dichloro-2,2,2-trifluoroethane (HCFC 123 [306-83
2]),

H CI

F~C1 and enantiomer

F F

CC. (2RS)-1,2-dichloro-1.,1,2-trifluoroethane (HCFC 123a
[354-23-4]),

Norfiurane 11-443

F

F~CI
F F

DD. l-chloro-l,I,2,2-tetrafluoroethane (HCFC 124a
[354-25-6]),

-r->CI
CI /\

F F

EE. 1,2-dichloro-l,l-difluoroethane (HCFC 132b [1649-08
7]),

FF. 2-chloro-l,I,I-trifluoroethane (HCFC 133a [75-88-7]),

GG. chlorodifluoromethane (HCFC 22 [75-45-6]),

HR. chlorofluoromethane (HCFC 31 [593-70-4]),

n. 1,1,2-trifluoroethene (HFC 1123 [359-11-5]),

JJ. 1,I-ditluoroethene (HFC 1132a [75-38-7]),

KK. 2,3,3,3-tetrafluoroprop-l-ene (HFC 1234yf [754-12;1]),

F~CF3

tr, (1E)-1,3,3,3-tetratluoroprop-l-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-hexatluorobut-2-ene (HFC 1336mzz/c
[692-49-9]),

00. 1,2-difluoroethane (HFC 152 [624-72-6]),

PP. fluoroethane (HFC 161 [353-36-6]),

CHF3

QQ. trifluoromethane (HFC 23 [75-46-7]),
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PhEur _

_____________________ PhEur

Column:
- size: 1= 0.10 m, (2) = 4.6 mm;
- stationary phase: spherical end-capped oetadecylsilyl silica gel

for chromatography R (5 urn);
- temperature: 40°C.

Mobile phase acetonitrile R, tetrahydrofuran for
chromatography R, waterR (18:22:60 VIVIV).
Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 244 nm.

Injection 25 ilL.

Run time Twice the retention time of the (E)-isomer of
norgestimate.

Identification of impurities Use the chromatogram supplied
with norgestimate for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity A.

Relative retention With reference to the (E)-isomer of
norgestimate (retention time = about 14 min):
impurity A = about 0.7; (Z)-isomer of
norgestimate = about 0.9.

System suitability Reference· solution (b):
- resolution: minimum 1.5 between the peaks due to the (E)

and (Z)-isomers of norgestimate.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of the (Z)-isomer of norgestimate by 1.33;
- impurity 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 the chromatogram
obtained with reference solution (a) (0.10 per cent);

- total: not more than 3 times 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)
(0.3 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 obtained with 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.

Injection 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.

ASSAY
Dissolve 0.300 gin 40 mL of tetrahydrofuran R. Add 10 mL
of a 100 gIL solution of siluer nitrate R and titrate with 0.1 A1
sodium hydroxide, detenniningthe end-point
potentiometrically (2.2.20). Rinse the electrode with acetone R
after each titration.

If necessary, after several titrations re-equilibrate the
electrode in waterR for 15 min to obtain sharper titration
curves.

1 mL of 0.1 M sodium hydroxide is equivalent to 36.95 mg of
C23H31N03'

35189-28-7369.5

~
H'C r

0yCHa
H H

" °H H
# .

HO....
N

Action and use
Progestogen.

DEFINITION
(3BZ)-13 ~-Ethyl-3-(hydroxyimino)-18, 19-dinor-17a.-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.

Solubility
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).

Solvent mixture. 'Water R, methanol R (1:4 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.

Reference solution (a) Dilute 2.0 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 2 mg of norgestimate for system
suitability CRS (containing impurity A) in 4 mL of the
solvent mixture.

(Ph. Bur. monograph 1732)

Norgestimate

SS. difluoromethane (HFC 32 [75-10-5]).

RR. 1,1,1,2,2-pentafluoropropane (HFC 245cb [1814-88
6]),
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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 thegeneral 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 for pharmaceutical use) B, C, D.

Norgestre1 11-445

Norgestrel
(ph. Bur. monograph 0940)

CH

~
H3C lOH

H : H .: andenantiomer

H H
o .#

CH

~.. H3C... "
0y.CH3

H H

t! °H H
o d

312.5

Action and use
Progestogen.

Preparation
Norgestrel Tablets

6533-00-2

A~ 13 ~-ethyl-3-oxo-18,19-dinor-17ex-pregn-4-en-20-yn-17-yl
acetate (levonorgestrel acetate),

B. 13~-ethyl-17~-hydroxy-18,19-dinor-17ex-pregn-4-en-20
yn-3-one (levonorgestrel),

CH

~
. H3C l

. OH
H H

H H
HO ....

N
.#

C. (3E)-13 ~-ethyl-3-(hydroxyimino)-18,19-dinor-17ce-pregn
4-en-20-yn-17-01 ((E)-norelgestromin),

~
. H3C f7H

OH
H H -

~ ~
N .#
I
OH

D. (3Z)-13~-ethyl-3-(hydroxyimino)-18,19-dinor-17ex-pregn

4-en-20-yn-17-01 ((Z)-norelgestromin).
____________________ PhEur

PhEur _

DEFINITION
Norgestrel contains not less than 98.0 per cent and not more
than the equivalent of 102.0 per cent of rac-13-ethyl-17
hydroxy-18, 19-dinor-17ex-pregn-4-en-20-yn-3-one, calculated
with reference to the dried substance.

CHARACTERS
A white or almost white, crystalline powder, practically
insoluble in water, sparingly soluble in methylene chloride,
slightly soluble in alcohol.

IDENTIFICATION
A. Dissolve 0.5 g in methylene chloride R and dilute to
10.0 mL with the same solvent. The angle of optical rotation
(2.2.7) is + 0.05° to -0.05°.

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
gelGRas the coating substance.

Testsolution Dissolve 0.2 g of the substance to be examined
in methylenechloride R and dilute to 10 mL with the same

, solvent.

Reference solution (a) Dilute 1 mL of the test solution to
10 mL with methylene chloride R. Dilute 1 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 methylene chloride R and dilute
to 50 mL with the same solvent.

Apply to the plate 10 J.lL of each solution. Develop over a
path of 15 em using a mixture of 20 volumes of ethyl
acetate Rand 80 volumes of methylene chloride R. Allow the
plate to dry in air, spray with a 100 gIL solution of
phosphomolybdic acid R in alcohol R, heat at laO-105°C for
15 min and examine immediately. 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 at most two such spots are more intense
than the spot in the chromatogram obtained with reference
solution (b) (0.2 per cent). The test is not valid unless the
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for at least 1 min. The precipitate dissolves easily with the
possible exception of a few large particles which diss-olve
slowly.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution B7 (2.2.2, Method II).

Dissolve 0.5 g in waterR with gentle heating and dilute to
25 mL with the same solvent.

Acidity or alkalinity
Dissolve 0.2 g with gentle heating in carbon dioxide-free
waterR and dilute to 10 mL with the same solvent.
Add 0.1 mL of methyl redsolution 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.

Related substances
Liquid chromatography (2.2.29). Protect the solutions from
light.

Testsolution 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
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
dibenzosuberone CRS (impurity A) in the mobile phase and
dilute to 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
norcyclobenzaprine 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
system suitability 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: l = 0.15 m, 0 = 4.6 mm;
- stationary phase: spherical end-capped extra-dense bonded

octylsilyl silica gelfor chromatography R (5 urn);
- temperature: 45°C.

Mobzle phase Mix 70 volumes of methanol RJ and
30 volumes of a solution prepared as follows: mix 3.25 mL
of tetrabutylammonium hydroxide solution (400 giL) R, 0.68 g
of potassium dihydrogen phosphate 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.

Flow rate 1.0 mLImin.
Detection Spectrophotometer at 220 nm.

Injection 10 J..tL.
Run time 3 times the retention time of nortriptyline.

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 peak due to impurity B; use the
chromatogram supplied with nortriptyline for system
suitability CRS and the chromatogram obtained with
reference solution (d) to identify the peak due to impurity D.

Relativeretention With reference to nortriptyline (retention
time = about 13 min): impurity A = about 0.5;
impurity D = about 0.8; impurity B = about 0.9.

894-71-3299.8

(Ph. Bur. monograph 0941)

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 in an oven at 105°C.

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

ASSAY
Dissolve 0.200 g in 45 mL of tetrahydrofuran R. Add 10 mL
of a 100 gIL solution of siluer 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. '

1 mL of 0.1 M sodium hydroxide is equivalent to 31.25 mg of
C21H2S02'

STORAGE
Store protected from light.

Action and use
Monoamine reuptake inhibitor; tricyclic antidepressant.

Preparations
Nortriptyline Capsules

Nortriptyline Tablets

PhEur _

Nortriptyline Hydrochloride

DEFINITION
3-( 10,11-Dihydro-5H-dibenzo [a,d] [7]annulen-5-ylidene)-N
methylpropan-l-amine hydrochloride.

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

CHARACTERS
Appearance
White or almost white powder.

Solubility
Sparingly soluble in water, soluble in ethanol (96 per cent)
and in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison nortriptyline hydrochloride CRS.

B. Dissolve 20 mg in 2 mL of waterR, acidify with 1 drop of
dilute sulfuric acid R and add 1 mL of a 6.25 g/L solution of
silversulfateR. Shake and allow to stand. A curdled, white
precipitate is formed. Centrifuge and wash the precipitate
with 3 quantities, each of 1 mL, of a 0.5 per cent VIV
solution of sulfuric acidR. Carry out this operation rapidly in
subdued light, disregarding the fact that the supernatant
solution may not become perfectly clear. Suspend the
precipitate in waterR and add ammonia R. Shake vigorously
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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 D by 1.7;
- impurityD: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cent);

- impurityA: riot more than the area of the corresponding
peak in the chromatogram obtained with 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 obtained with reference solution (a)
(0.2 percent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Losson drying (2.2.32)
M~lJ.InO.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 0.250 g in 30 mL of ethanol (96 per cent) R and add
1.0 mL of 0.1 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 mL of 0.1 M sodium hydroxide is equivalent to 29.98 mg of
C19H22ClN.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, D.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneorother of the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities 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) B, E, F, G, H, I, J.

A. 10, ll-dihydro-5H-dibenzo [a,dJ [7]annulen-5-one
(dibenzosuberone),

Nortriptyline Hydrochloride II-447

B. 3-(5H-dibenzo[a,dJ [7]annulen-5-ylidene)-N
methylpropan-l-amine (norcyclobenzaprine),

q;
.~ NPH3

.--:;:;... .. CH
3

OH

I' ~
:::,.,..

D.5-[3-(dimethylamino)propyl]-10,11-dihydro-5H
dibenzo [a,dJ [7]armulen-S-ol,

E. 3-(5H-dibenzo[a,dJ [7]annulen-5-ylidene)-N,N
dimethylpropan-I-amine (cyclobenzaprine),

F. 3-( 10,II-dihydro-5H-dibenzo [a,dJ [7]annulen-5-ylidene)
N,N-dimethylpropan-l-amine (amitriptyline),

G. ethyl N-[3-(10,11-dihydro-5H-dibenzo[a,dJ [7]annulen-5
ylidene)propyl]-N-methylcarbamate,

H. 5-prop-2-en-l-ylidene-l 0, ll-dihydro-5H-dibenzo [a,dJ [7]
annul ene,

1. 10, ll-dihydro-5H-dibenzo [a,dJ [7]annulen-5-01
(dibenzosuberol) ,
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Test solution Dissolve 25 mg of the substance to be
examined in ethanol (96 per cent) R and dilute to 100 mL
with. the same solvent.

RzIerence solution Dissolve 22 mg of noscapine CRS in
acetoneR and dilute to 100 mL with the same solvent.

Plate TLC silicagelplate R.

Mobilephase concentrated ammonia R, ethanol (96 per cent) R,
acetoneR, toluene R (1:3:20:20 VIVIVIV).

Application 10 J1L.
Deoelopment Over 2/3 of the plate.

Drying Inair.

Detection Spray with dilutepotassium iodobismuthate
sol1.lliDn. 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. Dissolve about 40 mg in a mixture of 2 mL of water R
and 3 m.L of ethanol (96 per cent) R and add 1 mL of dilute
ammonia R2. Heat until dissolution is complete. Allow to
cool, scratching the wall of the tube with a glass rod. Filter.
The filtrate gives reaction (a) of chlorides (2.3.1). Wash the
precipitate with water R,dry at 100-105 °C and reserve for
identification tests Band C.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution Y6 or BY6 (2.2.2, Method II).

Dissolve 0.5 g in water R, add 0.3 mL of 0.1 M hydrochloric
acid and dilute to 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 ginO. 01 NI hydrochloric acid and 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
examined in 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 methanolR. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (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;
- stationaryphase: cyanosilyl silica gelfor chromatography R

(5 um).

Mobile phase methanol R, phosphate buffersolution pH 6.0 R1
(35:65 V7V).

Flow rate 1 mUmin.
Detection Spectrophotometer at 240 run.

Injection 10 J1L.
Run time 2.5 times the retention time of noscapine.

o

<o

Noscapine Hydrochloride

(Ph. Bur. monograph 0515)

Noscapine Hydrochlor.ide Hydrate

Action and use
Opioid receptor agonist; cough suppressant.

PI7Eur _

J. [3-(10,11-dihydro-5H-dibenzo[a,d] [7]annulen-5
ylidene)propyl] dimethylamine N-oxide (amitriptyline-N
oxide).

DEFINITION
(3S)-6, 7-Dimethoxy-3-[(5R)-4-methoxy-6-methyl-5,6,7,8
tetrahydro-l ,3-dioxolo [4,5-g] isoquinolin-5-yl]-2-benzofuran-1
(3H)-one hydrochloride hydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals, hygroscopic.

Solubility
Freely soluble in water and in ethanol (96 per cent).
Aqueous solutions are slightly acid; the base may be
precipitated when the solutions are allowed to stand.

mp
About 200°C, with decomposition.

IDENTIFICATION
First identification: C, B.

Second identification: A, B, D, B.

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).

11-448 Noscapine Hydrochloride Hydrate
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128-62-1

o

413.4

o

<o

(ph. Bur. monograph 0516)

DEFINITION
(3S)-6,7-Dimethoxy-3-[(5R)-4-methoxy-6-methyl-5,6,7,8
tetrahydro-1 ,3-dioxolo [4,5-g] isoquinolin-5-yl]isobenzofuran-1
(3H)-one.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Practically insoluble in water, soluble in acetone, slightly
soluble in ethanol (96 per cent). It dissolves in strong acids;
on dilution of the solution with water, the base may be
precipitated.

IDENTIFICATION
Firstidentification: C, B.
Second identification: A, B, D, B.

A. Specific optical rotation (see Tests).

B. Melting point (2.2.14): 174°C to 177 °C.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison noscapine CRS.

D. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 mg of the substance to be
examined in acetone R and dilute to 100 mL with the same
solvent.

Reference solution Dissolve 25 mg of noscapine CRS in
acetone R and dilute to 100 mL with the same solvent.

Plate TLC silica gelplateR.

Mobz7e phase concentrated ammonia R, ethanol (96 percent) R,
acetone R, toluene R (1:3:20:20 V/V/V/V).

Application 10 ilL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with dilute potassium iodobismuthate
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 obtained with the
reference solution.

E. To 20 mg add 10 mL of waterR and shake. It does not
dissolve.

Action and use
Opioid receptor agonist; cough suppressant.

Noscapine

HaCO

Relative 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 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 impurity: 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);

- sum of impurities otherthan A: 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)
2.5 per cent 'to 6.5 per cent, determined on 0.200 g by
drying in.arroven at 105°C.

Sulfated ash:(2.4.14)
Maximum o.i per cent, determined on 1.0g.

ASSAY.
In order to avoidoverheating in the reaction medium, mix
thoroughly throughout and stop the titration immediately after the
end-pointhas been reached.
Dissolve 0.400 g in a mixture of 3 mL of anhydrous formic
acid R and 30 mL of acetic anhydride R. Titrate with O. J M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 44.99 mg of .
C22H24ClN07'

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A.

HaCO

A. 1- [(3,4-dimethoxyphenyl)methyl]-6,7
dimethoxyisoquinoline (papaverine).

_____________________ PhEur
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H.... OH

Action and use
Antifungal.

Preparations
Nystatin Ointment

Nystatin Oral Suspension

Nystatin Vaginal Tablets

Nystatin Tablets

gCH3 oHef'

NH2 HO

HO

(ph. Eur. monograph 0517)

Nystatin

ASSAY
Dissolve 0.350 gin 40 mL of anhydrous acetic acidR,
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
CzzHz3N07.

STORAGE
Protected from light.

IMPURITIES

A. 1-(3,4-dimethoxybenzyl)-6,7-dimethoxyisoquinoline
(papaverine).

DEFINITION
Antifungal substance obtained by fermentation using certain
strains of Streptomyces noursei as the production micro
organism. It contains mainly tetraenes, the principal
component being (IS,3R,4R,7R,9R,llR,15S,16R,17R,18S,
19E,21E,25E,27E,29E,31E,33R,35S,36R,37S)-33- [(3-amino
3,6-dideoxy-~-D-mannopyranosyl)oxy]-1,3,4,7,9,11,17,37
oetahydroxy-15,16,18-trimethyl-13-oxo-14,39
dioxabicyclo[33.3.1]nonatriaconta-19,21,25,27,29,31
hexaene-36-carbox)rlic acid (nystatin AI).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, MethodII).

Dissolve 0.2 g in acetone R and dilute to 10 mL with the
same solvent. Examine immediately after dissolution.

Specific optical rotation (2.2.7)
+ 42 to + 48 (dried substance)..

Dissolve 0.500 g in 0.1 M hydrochloric acid and dilute to

25.0 mL with the same acid.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in 8 mL of methanol R, with the aid of ultrasound,
and dilute to 10.0 mL with the same solvent.

Reference solution (a) Dilute 1.0 mL of the test solution to
20.0 mL with methanolR. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.

Reference solution (b) Dissolve .. 5 mg of papaverine
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.

Reference solution (c) Dissolve 1.5 mg of papaverine
hydrochloride R in 10 mL of the test solution and dilute to
25 mL with the mobile phase.

Column:
- size: 1=0.125 m, 12) = 4.6 rom;
- stationary phase: nitrile silica gelfor chromatography R

(5 1lID).

Mobile phase methanol R, phosphate buffer solution pH 6.0 R1
(350:650 VIV).

Flow rate 1 mUmin.
Detection Spectrophotometer at 240 nm.

Injection 10 J.LL.
Run time 2.5 times the retention time of noscapine.

Relativeretention With reference to noscapine (retention
time =about 10 min): impurity A =about 1.3.

Systemsuitability Reference solution (c):
- resolution: minimum 2 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 impurity: 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);

- sum of impurities otherthan A: not more than 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)
(0.05 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.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.
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Content
Minimum 4400 IV/mg (dried substance) and minimum
5000 IV/mg (dried substance) if intended for oral
administration.

CHARACTERS
Appearance
Yellow or slightly brownish powder, hygroscopic.

Solubility
Practically insoluble in water, freely soluble in
dimethylformamide and in dimethyl sulfoxide, slightly soluble
in methanol, practically insoluble in ethanol (96 per cent).

IDENTIFICATION
First identification: B~ E.
Second identification: A, C~ D.
A. Examine the solution prepared in the test for absorbance
between 220 nm and 350 nm (2.2.25). The solution shows 4
absorption maxima at 230 nm, 291 nm, 305 nm and
319 nm, and:a,shoulder at 280 nm. The ratios of the
absorbancesat.the.absorption maxima at 291 nm and
319 nm to theabsorbance at the absorption maximum at
305 nm are 0.6:1 to 0.73 and 0.83 to 0.96, respectively.
The ratio of the absorbance measured at the absorption
maximum at,230 nm to that measured at the shoulder at
280 nm is 0.8ito 1.25.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison nystatin CRS.
C. To about 2 mg add 0.1 mL of hydrochloric acidR.
A brown colour develops.

D. To about 2 mg add 0.1 mL of sulfuric add R. A brown
colour develops that becomes violet on standing.

E. Examine the chromatograms obtained in the test for
composition.

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).

TESTS
Absorbance (2.2.25)
Dissolve 0.10 g in a mixture of 5.0 mL of glacial acetic acidR
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. Carry out the testprotected from light.

Test solution Dissolve 20 mg of the substance to be
examined in dimethylsulfoxide R and dilute to 50 mL with the
same solvent.

Reference solution (a) Dissolve 20 mg of nystatin CRS in
dimethyl sulfoxide R and dilute to 50 mL with the same
solvent.

Reference solution (b) Dissolve 20 mg of the substance to be
examined in 25 mL of methanol R and dilute to 50 mL with
waterR. To 10.0 mL of the solution add 2.0 mL of dilute
hydrochloric acidR. Allow to stand at room temperature for
1 h.
Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with dimethylsulfoxide R. Dilute 1.0 mL of this
solution to 10.0 mL with dimethyl sulfoxide R.

Nystatin 11-451

Column:
- size: 1= 0.15 m, 12) =4.6 mm,
- stationary phase: base-deactivated end-capped oetadecylsilyl

silica gelfor chromatography R (5 JlIIl),
- temperature: 30 DC.

Mobile phase:
- mobile phase A: acetonitrile R, 3.85 gIL solution of

ammonium acetate R (29:71 V/V),
- mobile phaseB: 3.85 gIL solution of ammonium acetate R,

acetonitrile R (40:60 V/V),

Time Mobile phase A Mobile phase B
(min) (per cent Viii') (per cent Viii')

0-25 100 0

25 - 35 100 ~ 0 o~ 100

35 - 45 0 100

45 - 50 0-..100 100 ~ 0

Flow rate 1.0 rnlJmin.

Detection Spectrophotometer at 305 nm.

Injection 20 J.1L
Retention time Nystatin Al = about 14 min.

Systemsuitability Reference solution (b):
- resolution: minimum 3.5 between the 2 principal peaks

(retention time = about 13 min and 19 min).

Composition:
""- nystatinA1: minimum 85.0 per cent,
- any other compound: 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 at
60 DC over diphosphorus pentoxide R 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 dimethylformamide R and dilute with a mixture
of 5 volumes of dimethylformamide 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.
____________________ PhEur
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Temperature:

(Caprylic Acid, Ph. Eur. monograph 1401) Time
(min)

Temperature
("C)

144.2 124-07-2

Column

Injection port

Detector

0-1

1 - 25
25 - 35

100

100 -> 220
220

250

250

Action and use
Excipient.

PhEur _

DEFINITION
Octanoic acid.

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

CHARACTERS
Appearance
Clear, colourless or slightly yellowish, oily liquid.

Solubility
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).

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution Y5 (2.2.2,
Method II).

Relative density (2.2.5)
0.909 to 0.912.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Testsolution 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 rnL with the same solvent.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with ethyl acetate R. Dilute 5.0 mL of this solution
to 50.0 mL with ethyl acetate R.

Column:
- material: fused silica;
- size: I =30 m, 0 =0.25 mm;
- stationary phase: macrogol 20 000 2-nitroterephthalate R (film

thickness 0.25 urn).

Carrier gas heliumfor chromatography R.

Flot» rate 1.5 mL'min.

Split ratio 1:100.

Detection Flame ionisation.

Injection 1 ilL.

System suitability Reference solution (b):
- signal-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 0.7 per cent, determined on 1.000 g.

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

ASSAY
Dissolve 0.125 gin 25 rnL of ethanol (96 per cent) 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 14.42 mg of
CSH160Z'

IMPURITIES

~C02H
H3C

A. hexanoic acid,

H3C~C02H

B. heptanoic acid,

H3C~C02H

c. nonanoic acid,

~C02H
H3C

D. decanoic acid,

E. 2-propylpentanoic acid (valproic acid),

F. methyloctanoate,

o

H3C~O~CH3

G. ethyl octanoate,
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o

H3C~OCH3

H. methyl decanoate,

o

H3C~CH3

I. undecan-Z-one,

~OyO
H3C H'- U andenantiomer

J. 5-butyltetrahydrofuran-2-one (y-hydroxyoctanoic acid
lactone).

____________________ PhEur

Octoxinol 10
(Ph. Bur. monograph 1553)

Actionand use
Excipient,"

Octyl Gallate 11-453

becomes sufficiently clear that the entire thermometer bulb is
plainly seen.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 0.5 per cent, 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.
____________________ PhEur

Oetyl Gallate
(Ph. Bur. monograph 2057)

o

HOY0.P' I O~CH,
HOY

OH

PhEur _

DEFINITION
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 soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
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 oetylgallate CRS and determine the melting point of the
mixture. The difference between the melting points (which
are about 101 °C)is not greater than 2°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, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

TESTS
Impurity A
Thin-layer chromatography (2.2.27).

Test solution (a) Dissolve 0.20 g of the substance to be
examined in acetone R and dilute to 10 mL with the same
solvent.

Test solution (b) Dilute 1.0 mL of test solution (a) to 20 mL
with acetone R.

PhEur _

DEFINITION
i1.-[4-(1,1,3,3-Tetramethylbutyl)phenyl]-eo-hydroxydeca
(oxyethylene) .

Mixture consisting mainly of mono-octylphenyl ethers of
macrogols corresponding to the formula CSH17C6H4
[OCHTCHzL-OH where the average value of n is 10.
It may contain free macrogols.

CHARACTERS
Appearance
Clear, colourless or light yellow, viscous liquid.

Solubility
Miscible with 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 alkalinity
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 bromothymol bluesolution Rl.
Not more than 0.5 mL of 0.01 M hydrochloric acid or 0.01 M
sodium hydroxide is required to change the colour of 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 water R. Transfer about 30 mL of
this solution to a test-tube, heat on a water-bath and stir
continuously until the solution becomes 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

282.3

Action and use
Used in treatment of alcohol dependence.

1034-01-1
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11-454 Octyldodecanol

Reference solution (a) Dissolve 10 mg of ocryl gallate CRS in
acetone R and 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 acetone R.

Reference solution (d) Dilute 1.0 mL of reference
solution (b) to 5 mL with test solution (a).

Plate TLC silica gelplateR.
Mobzle phase anhydrous formic acid R, ethylformate R,
toluene R (10:40:50 VIVIV).

Application 5!1.I..oftest solutions (a) and (b) and reference
solutions (a), (c) and Cd).

Development Over 2/3 of the plate.

Drying In air for 10 min.

Detection Spray with a mixture of 1 volume oiferric chloride
solution Rl and 9 volumes of ethanol (96 per cent) R.

System suitabiJ:it;y Reference solution (d):
- the chromatogram shows 2 clearly separated principal

spots.

Limit Test solution (a):
- impurity 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 of waterR.Shake for 5 min. Filter.
15 mL of the filtrate 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 70 "C.

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

ASSAY
Dissolve 0.100 g in methanol R and dilute to 250.0 mL with
the same solvent. Dilute 5.0 mL of the solution to 200.0 mL
with methanolR. Measure the absorbance (2.2.25) at the
absorption maximum at 275 nm.

Calculate the content of ClsH220S taking the specific
absorbance to be 387.

STORAGE
In a non-metallic container, protected from light.

IMPURITIES
Specifiedimpurities A.

A. 3,4,5-trihydroxybenzoic acid (gallic acid).
____________________ PhEur

2020

Octyldodecanol
(Ph. Bur. monograph 1136)

H3C~OH .
o H and enantiorner

H3C~

5333-42-6

Action and use
Excipient.

PhEur _

DEFINITION
Condensation product of saturated liquid fatty alcohols.

Content
Minimum 90 per cent of (2RS)-2-octyldodecan-l-01
(CzoH4zO; M r 298.6), the remainder consisting mainly of
related alcohols.

CHARACTERS
Appearance
Clear, colourless or yellowish, oily liquid.

Solubility
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).

Testsolution Dissolve 0.20 g of the substance to be
examined in toluene R and dilute to 20 mL with the same
solvent.

. Reference solution Dissolve 0.20 g of oayldodecanol CRS in
toluene R and dilute to 20 mL with the same solvent.

Plate Suitable silica gel plate.

Mobile phase ethyl acetate R, toluene R (5:95 VIV).

Application 2 ilL.
Development Over a path of 12 cm.

Drying In air.

Detection Spray with about 7 mL of a mixture of 1 volume
of a 25 gIL solution of vanillin R in ethanol (96 per cent) R
and 4 volumes of sulfuric acidR and heat at 130 "C 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.

TESTS
Acidity or alkalinity
Mix 5.0 g thoroughly for 1 min with a mixture of 0.1 mL of
bromothymol blue solution R1, 2 mL of heptane R and ·10 mL
of waterR. If the aqueous layer is blue, not more than
0.15 mL of 0.01 M hydrochloric acid is required to change the
colour of the indicator to yellow. If the aqueous layer is
yellow, add 0.45 mL of 0.011YI sodium hydroxide and shake
vigorously. After standing to ensure complete separation, the
aqueous layer is blue.
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____________________ PhEur

STORAGE
Protected from light.

Detection Flame ionisation.

Injection 1~.

Calculate the content of C ZOH 4ZO in the substance to be
examined.

Optical rotation (2.2.7)
-0.10° to + 0.10°.

Dissolve 2.50 g in ethanol (96 per cent) R and dilute to
25 mL with the same solvent.

Hydroxyl value (2.5.3, MethodA)
175 to 190.

Iodine value (2.5.4, Method A)
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)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Gas chromatograph~"(2.2.28).
Internal standard soi~iion Dissolve 0.4 g of tetr~decane R in
hexane Rand dilute to 100.0 mL with the same solvent.

Test solution Dissolye 0.100 g of the substance to be
examined in the internal standard solution and dilute to
10.0 mL with the same solution.

Reference solution Dissolve 0.100 g of octyldodecanol CRS in
the internal standard solution and dilute to 10.0 mL with the
same solution.

Column:
- material: fused silica;
- size: 1= 60 m, (2) = 0.25 mm;
- stationary phase: poly(dimethyl) (diphenyl) (divinyl)siloxane R

(film thickness 0.25 JlIIl).

Carrier gas helium for chromatography R.

Flow rate 0.68 mIJmin.
Split ratio 1:50.

Temperature:

82419-36-1361.4ClsHzoFN304

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison ofioxacin CRS.

TESTS
Optical rotation (2.2.7)
-0.10° to + 0.10°.

Dissolve 0.300 g in a mixture of 10 volumes of methanol R
and 40 volumes of methylene chloride R and dilute to 10.0 mL
with the same mixture of solvents.

Absorbance (2.2.25)
Maximum 0.25 at 440 nm.

Dissolve 0.5 g in 0.1 M hydrochloric acid and dilute to
100.0 mL with the same acid.

Impurity A
Thin-layer chromatography (2.2.27).

Solvent mixture methanol R, methylene chloride R (10:40 VIV).

Testsolution Dissolve 0.250 g of the substance to be
examined in the solvent mixture and dilute to 5.0 mL with
the solvent mixture.

Reference solution Dissolve 10.0 mg of ofioxacin
impurity A CRS in the solvent mixture and dilute to
100.0 mL with the solvent mixture.

Plate TLC silica gel GF254 plateR (2-10 um).

Mobile phase glacial acetic acidR, waterR, ethylacetate R
(10:10:20 VIVIV).

Applz"catum 10 ilL.
Development Over 2/3 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 nm,

PhEur _

Action and use
Fluoroquinolone antibacterial. .

DEFINITION
(3R~-9-Fluoro-3-methyl-l0~(4-methylpiperazUJ-l-yl)-7-oxo

2,3-dihydro-7H-pyrido[1,2,3-de]-1,4-benzoxazUJe-6
carboxylic acid.

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

CHARACTERS
Appearance
Pale yellow or bright yellow, crystalline powder.

Solubility
Slightly soluble in water, soluble in glacial acetic acid, slightly
soluble or soluble in methylene chloride, slightly soluble in
methanol.

(ph. Bur. monograph 1455)

HC H
3 ....Nl 0rCH3

~NXxjNI I and enantiomer

F ~. . C0
2H

°

Ofloxacin

180
180~ 280

280
290

300

Temperature
eC)

Time
(min)

0-2
2 -22
22 - 52

Injection port

Detector

Column
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A. (3RS)-9~10-difl.uoro-3-methyl-7-oxo-2,3-dihydro-7H
pyrido[1~2,3-de]-1,4-benzoxazine-6-carboxylic acid (FPA),

B. (3RS)-9-fluoro-3-methyl-l0-(4-methylpiperazin-l-yl)-2,3
dihydro-7H-pyrido[I,2,3-de]-1,4-benzoxazin-7-one,

1). (3RS)-IO-f1.uoro-3-methyl-9-(4-methylpiperazin-l-yl)-7
oxo-2~3-dihydro-7H-pyrido [I ,2,3-de]-1,4-benzoxazine-6
carboxylic acid,

and enantiomer

H

HNl O~CH3

~Nyly~1. sod enantiomer

F~ C02H

°

H

O~CH3

F~I~ I. I and enantiomer

F ~ C02H

°

H

CH
3 'N1 O~CH3

~Nyly~) and.enantlomer

~C02H
o

C. (3RS)-3-methyl-lO-(4-methylpiperaziI),:1-yl)-7-oxo-2,3
dihydro-7H-pyrido [1,2,3-de]-1,4-benzoxazine-6-carboxylic
acid,

E. (3RS)-9-fiuoro-3-methyl-7-oxo-I 0-(piperazin-l-yl)-2,3
dihydro-7H-pyrido [1,2,3-de]-1,4-benzoxazine-6-carboxylic
acid,

ASSAY
Dissolve 0.300 g in 100 mL of anhydrous acetic acidR.
Titrate with 0.1 iH perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 36.14 mg
of ClsHzoFN304.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F.

Limit:
- impurityA: any spot due to impurity A is not more

intense than the corresponding spot in the chromatogram
obtained with the reference solution (0.2 per cent).

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Solvent mixture acetonitrile R, water R (10:60 VIV).
Test solution Dissolve 10 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
50.0 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 ofloxacin
impurityE CRS in the solvent mixture and dilute to
100.0 mL with the solvent mixture. Mix 10 mL of the
solution and 5 mL of the test solution and dilute to 50.0 mL
with the solvent mixture. Dilute 1.0 mL of this solution to
50.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, (2) =4.6 rom;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 45 "C.
Mobile phase Dissolve 4.0 g of ammonium acetate R and
7.0 g of sodium perchlorate R in 1300 mL of water R; adjust to
pH 2.2 with phosphoric acidR and add 240 mL of
acetonitrile R.

Flow rate Adjust so that a retention time of about 20 min is
obtained for ofl.oxacin.

Detection Spectrophotometer at 294 nm.

Injection 10 ilL.

Run time 2.5 times the retention time of ofl.oxacin.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity E.

Relativeretention With reference to ofl.oxacin (retention
time = about 20 min): impurity B = about 0.3;
impurity C = about 0.5; impurity D = about 0.7;
impurity E = about 0.9; impurity F = about 1.6.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity E and ofl.oxacin.

Limits:
- impurities B, C, D, E, F: 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)
(0.10 per 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 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 0.2 per cent, determined on 1.000 g by drying at
105 '~C for 4 h.

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

_____________________ PhEur

a
0-> 100

100

Mobile phase B
(per cent VIV)

100

100 -> a
a

Mobile phase A
(per cent VIV)

Time
(min)

0-10

10 - 20

20 - 25

re-dissolved prior to final pH adjustment. Dilute to 1500 mL
with waterR.

Solvent mixture Mix 4 volumes of acetonitrile R1 with
6 volumes of a 37 mgIL solution of sodium edetate R in
solution A.

Test solution Dissolve 10 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 of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 4 mg of olanzapine for system
suitabz1ity CRS (containing impurities B, C and D) in
10.0 mL of the solvent mixture.

Column:
- size: 1= 0.25 m, 0 =4.6 nun;
- stationary phase: octyls£lyl silica gelfor chromatography R

(5 urn);
- temperature: 35°C.

Mobz1e phase:
- mobile phaseA: acetonitrile R1, solution A (48:52 VIV);
- mobile phaseB: solution A, acetonitrile R1 (30:70 VIV);

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 20 IlL.
Identification of impurities Use the chromatogram supplied
with olanzapine for systemsuitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C and D.

Relatioeretention With reference to olanzapine (retention
time =about 13 min): impurity B = about 0.3;
impurity D = about 0.9; impurity C = about 1.2.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity D and olanzapine.

Limits:
- correction 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 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 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)
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.

132539-06-1312.4

=- rN"CH
aQ-EN" N-J

HN ~ h
S

CHa

DEFINITION
2-Methyl-4-(4-methylpiperazin-l-yl)-1OH-thieno[2,3-b] [1,5]
benzodiazepine.

Content
98.0 per cent to 102.0 per cent (anhydrous 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 olanzapine CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in ethyl acetate R, evaporate to dryness
and record new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the test and reference
solutions immediately before "Use or keep them refrigerated and
inject within 20 h ofpreparation.

Solution A Dissolve 13 g of sodium dodecyl sulfate R in about
1450 rnL of water R, add 5 mL of phosphoric add Rand
adjust to pH 2.5 by slowly adding strong sodium hydroxide
solution R. If a precipitate is formed, this precipitate has to be

(ph. Bur. monograph2258)

Action and use
Dopamine D 2 receptor antagonist; serotonin 5HT2 receptor
antagonist; neuroleptic.

Preparation
Olanzapine Orodispersible Tablets

Olanzapine

F. 4-[(3RS)-6-carboxy-9-fluoro-3-methyl-7-oxo-2,3-dihydro.,.
7H-pyrido[1,2,3-de]-1,4-benzoxazin-1 O-yl] -1
methylpiperazine l-oxide.
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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 mobile phase.

Reference solution (a) 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
mobile phase.

Reference solution (b) Dissolve 10 mg of the substance to be
examined and 1 mg of olanzapine impurity A CRS in the
mobile phase and dilute to 100.0 mL with the mobile phase.

Column:
- size: l = 0.15 m, 0 = 4.6 rom;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn).

Mobz1e phase Mix 1 volume of acetonitrile R with 1 volume
of a 6.9 gIL solution of sodium dihydrogen phosphate
monohydrate R adjusted to pH 2.5 with phosphoric acidR and
containing 12 gIL of sodium dodecyl sulfate R.
Flow rate 1.5 mUmin.

Detection Spectrophotometer at 260 nm.

Injection 20~.

Run time 1.2 times the retention time of olanzapine.

Relativeretention With reference to olanzapine (retention
time = about 7 min): impurity A = about 0.8.

System suitabz1ity Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and olanzapine.

Calculate the percentage content of C17H20N4S using the
chromatogram obtained with reference solution (a) and the
declared content of olanzapine CRS.

IMPURITIES
Specified impurities 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 arelimitedby the general acceptance
criterion for other/unspecified 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) A.

A. 5-methyl-2-[(2-nitrophenyl)amino]thiophene-3
carbonitrile,

Q H

\ J NrO
HN\~

CH3

B. 2-methyl-5,10-dihydro-4H-thieno [2,3-b] [1,5]
benzodiazepin-4-one,

2020

cr

C. 1-(chloromethyl)-1-methyl-4-(2-methyl-10H-thieno[2,3
b][1,5]benzodiazepin-4-yl)piperazin-1-ium chloride,

D. 1-methyl-4-(2-methyl-10H-thieno[2,3-b] [1,5]
benzodiazepin-4-yl)piperazin-1-oxide.

__-.."..... PhEur

Oleic Acid
(Ph. Bur. monograph 0799)

112-80-1

Action and use
Excipient.

PhEur '-- _

DEFINITION
(Z)-Octadec-9-enoic acid (C1aH340Z; M r 282.5), together
with varying amounts of saturated and other unsaturated
fatty acids. A suitable antioxidant may be added.

Content
65.0 per cent to 88.0 per cent of ClsH340Z'

CHARACTERS
Appearance
Clear, yellowish or brownish, oily liquid.

Solubility
Practically insoluble in water, miscible with alcohol and with
methylene chloride.

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 per cent for oleic acid of
vegetable origin and maximum 4.0 per cent for oleic acid of
animal origin.

TESTS
Appearance
The substance to be examined is not more intensely coloured
than reference solution Y1 or BY1 (2.2.2, Method1).

Acid value (2.5.1)
195 to 204, determined on 0.5 g.

Iodine value (2.5.4)
89 to 105.
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Peroxide value (2.5.5)
Maximum 10.0.

Composition of fatty acids
Gas chromatography (2.4.22, Method C).

Test solution Prepare as described in the method but
omitting the initial hydrolysis.

Composition of thefatty add fraction of the substance:
- myristic acid: maximum 5.0· per cent,
- palmitic add: maximum 16.0 per cent,
- palmitoleic acid: maximum 8.0 per cent,
- stearic acid: maximum 6.0 percent,
- oleic acid: 65.0 per cent to 88.0 per cent,
-linoleic acid: maximum 18.0 per cent,
- linolenic acid: maximum 4.0 per cent,
- fatty acids of chain length greater than C18: maximum

4.0 per cent.

Total ash (2.4.16)
Maximum 0.1 per cent, determined on 2.00 g.

STORAGE
In a~airtight,_well-filled container, protected from light.

LABELLING
The Jabel states the origin of oleic acid (animal or vegetable).
_ ........... ~ PhEur

OleoylMacrogolglycerides
(ph. Bur. monograph 1249)

Action and use
Excipient.

PhEur _

DEFINITION
Mixtures of mono esters, diesters and triesters of glycerol and
monoesters and diesters of macrogols.

They are obtained 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.

CHARACTERS
Appearance
Amber oily liquid, which may give rise to a deposit after
prolonged periods at 20 "C.

Solubility
Practically insoluble but dispersible in water, freely soluble in
methylene chloride.

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 be examined
in methylene chloride R and dilute to 20 mL with the same
solvent.

Oleoyl Macrogolglycerides II-459

Plate TLC silica gelplate R.

Mobile phase hexaneR, ether R (30:70 V/V).

Application 1 0 ~.

Development Over a path of 15 em,

Drying In air.

Detection Spray with aO.l gIL solution of rhodamine B R in
ethanol (96 per cent) R and examine in ultraviolet light at
365 nm.

Results The chromatogram shows a spot due to triglycerides
with an Rp value of about 0.9 (Rst 1) and spots due to
1,3-diglycerides (Rst 0.7), to 1,2-diglycerides (Rst 0.6), to
monoglycerides (Rst 0.1) and to esters of macrogol (Rst 0).

B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition offatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 2.0, determined on 2.0 g.

Hydroxyl value (2.5.3, MethodA)
45 to 65, determined on 1.0 g.

Iodine value (2.5.4, MethodA)
75 to 95.

Peroxide value (2.5.5, MethodA)
Maximum 12.0, determined on 2.0 g.

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 mL of a 0.4 gIL solution of
bromophenol blueR in ethanol (96 per cent) R, 0.3 m.L of
waterR and 10 mL of ethanol (96 per cent) R. Shake and
allow to stand. Not more than 1.0 mL of 0.01 M hydrochloric
acidis 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 ofperiodic acetic acid solution 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.

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 the fatty-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,
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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.

Introduce about 60 g into a cylindrical flat-bottomed
container, 30-33.5 mm in internal diameter and U5-125 mm
high. Heat to 30°C, cool, and immerse the container in iced
water with the surfaces of the water and the sample at the
same level. Insert a thermometer and, using it as a stirring
rod, begin stirring rapidly and steadily when the temperature
falls below 20°C. Keep the thermometer immersed
throughout the test, and remove and examine the container
at regular intervals. The cloud point is the temperature at
which the immersed portion of the thermometer, positioned
vertically in the centre ofthe container, is no longer visible
when viewed horizontally through the container and sample.

Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
205 to 215.

Saponification value (2.5.6)
Maximum 2.0.

Composition of fatty alcohols
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution Mix 25 mg of the substance to be examined
with 1.0 mL of methylene chloride R.

Reference solution (a) Dissolve 25 mg of each of arachidyl
alcohol R, linolenyl alcohol R, linoleyl alcohol R, oleyl alcohol R,
palmit;yl alcohol R and stearyl alcohol R in methylene chloride R
and dilute to 5 mL with the same solvent. DiluteI mL of
this solution to 5 mL with methylene chloride R.

Reference solution (b) Dissolve 10 mg oflirzoleyl alcohol Rand
1 g of oleyl alcohol R in methylene chloride R and dilute to
40 mL with the same solvent.

Column:
- material: fused silica;
- size: I = 30 m, 0 = 0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

1 urn).

Carrier gas helium for chromatography R.

Flow rate 1 mlJrnin.
Split ratio 1:11.

Temperature:

Detection Flame ionisation.

Injection 1~.

Identify the peaks using the chromatogram obtained with
reference solution (a).

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g. Use a mixture
of 30 volumes of anhydrousmethanolR and 70 volumes of
methylene chloride R as solvent.

Total ash (2.4.16)
Maximum 0.1 per cent.

STORAGE
Protected from light.

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 characteristics that are
recognised as beingrelevantcontrol parameters for one or more
functions of the substance 'When used as an excipient (see"chapter
5.15). Some of the characteristics described in theFunaionality
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory qualit;y
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is includedin the Funaionality-reiated
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and the performance of the medicinal
product duringuse. Where control methods are cited, they are
recognised as beingsuitable for the purpose, but other methods can
also be used. W'herever results for a particular characteristic are
reported, the control methodmust be indicated.

The following characteristics may be relevant for oleoyl
macrogolglycerides used as self-emulsifying agents and solubilisers.

Hydroxyl value
(see Tests).

Saponification value
(see Tests).

Composition of fatty adds
(see Tests).
_____________________ PhEur

Oleyl Alcohol
(Ph. Bur. monograph 2073)

Action and use
N onionic surfactant.

PhEur _

DEFINITION
Mixture of unsaturated and saturated long-chain fatty
alcohols consisting mainly of octadec-9-enol (oleyl alcohol
and.e1aidyl alcohol; C 1sH360 ; lVIr 268.5). It may be of
vegetable or animal origin.

CHARACTERS
Appearance
Colourless or light yellow liquid.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Composition of fatty alcohols (see Tests).

Column

Injection port

Detector

Time
(min)

0- 1

1 - 9

9 - 65

Temperature
eC)
170

170 --+ 210

210

270

280
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Relative retention With reference to oleyl alcohol (retention
time = about 30 min): palmityl alcohol = about 0.6; linolenyl
alcohol =about 0.8; linoleyl alcohol =about 0.9; stearyl
alcohol = about 1.1; arachidyl alcohol = about 1.9 (elaidyl
alcohol co-elutes with oleyl alcohol).

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 1.2, where Hp = height

above the baseline of the peak due to linoleyl alcohol and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to oleyl
alcohol.

Limits:
- palmityl alcohol: maximum 8.0 per cent;
- stearyl alcohol: maximum 5.0 per cent;
- oleylalcohol (sum of oleylandelaidyl alcohols): minimum

80.0 per cent;
- linoleyl alcohol: maximum 3.0 per cent;
- linolenyl alcohol: maximum 0.5 per cent;
- a.,~q.chidyl alfohol: maximum 0.3 per cent.
_....;...;;;.~__-"'- PhEur

Vi~i~in Olive Oil
Olive Oil

(Ph. Bur. monograph 0518)

Preparation
Olive Oil Ear Drops
PhEur -..,... _

DEFINITION
Fatty oil obtained by cold expression or other suitable
mechanical means from the ripe drupes of Olea europaea L.

CHARACTERS
Appearance
Clear, transparent, yellow or greenish-yellow liquid.

Solubility
Practically insoluble in ethanol (96 per cent), miscible with
light petroleum (bp: 50-70°C).

\Vhen cooled, it begins to become cloudy at. 10 °C and
becomes a butter-like mass at about 0 °C.

Relative density
About 0.913.

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.
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.

B. Composition of fatty acids (see Tests).

TESTS
Absorbance (2.2.25)
Maximum 0.20 at 270 nm. The ratio of the absorbance at
232 nm to that at 270 nm is greater than 8.

To 1.00 g add cyclohexane R and dilute to 100.0 mL with the
same solvent.

Olive Oil 11-461

Acid value (2.5.1)
Maximum 2.0, determined on 5.0 g.

Peroxide value (2.5.5, Method A)
Maximum 20.0.

Unsaponifiab1e matter
Maximum 1.5 per cent.

Place 5.0 g (m g) in alSO mL flask fitted 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 waterR through the top of the condenser,
shake, allow to cool and transfer the contents of the flask to a
separating funnel. Rinse the flask with several portions
totalling 50 mL of lightpetroleum R1 and add the rinsings to
the separating funnel. Shake vigorously for 1 min. Allow to
separate and transfer the aqueous layer to a 2n d separating
funnel. If an emulsion forms, 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 lightpetroleum.R1. Combine the light petroleum
layers in a 3rd separating funnel and wash with 3 quantities,
each of 50 mL, of ethanol (50 per cent V/Vj R. Transfer the
light petroleum layer to a tared 250 mL flask. Rinse the
separating funnel with small quantities of lightpetroleum 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. Allow to cool in a desiccator and
weigh (a g). Repeat the drying for successive periods of
15 min until the loss of mass between 2 successive weighings
does not exceed 0.1 per cent. Dissolve the residue in 20 mL
of ethanol (96 per cent) R, previously neutralised to 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 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.

Composition of thefatty-acid fraction of the oil:
- saturated fatty acids of chain length less than C16: maximum

0.1 per cent; ,
- palmitic acid: 7.5 per cent to 20.0 per cent;
- palmitoleic acid: maximum 3.5 per cent;
- stearic acid: 0.5 per cent to 5.0 per cent;
- oleic acid 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;
- 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 (2.4.23, Method B)
Composition of the sterol fraction of the oil:
- cholesterol: maximum 0.5 per cent;
- campesterol: maximum 4.0 per cent;
- Ll7-stigmasterol: maximum 0.5 per cent;
- sum of contents of Ll5,23-stigmastadienoIJ clerosterol,

fi-sitosterol~ sitostanol, Ll5-avenasterol and Ll5,24
stigmastadienol: minimum 93.0 per cent.

The content of stigmasterol is not greater than that of
campesterol.
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Sesame oil
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 V/V
solution of furfural R in acetic anhydride Rand 4.5 mL of
acetic anhydrideR. Filter through a filter paper impregnated
with acetic anhydrideR. To the filtrate add 0.2 mL of sulfuric
acid R. No bluish-green colour develops.

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.
_____________________ PhEur

Refined Olive Oil
(ph. Eur. monograph 1456)
PhEur _

DEFINITION
Fatty oil obtained by refining of crude olive.oil, obtained by
cold expression or other suitable mechanical means from the
ripe drupes 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 per cent), miscible with
light petroleum (bp: 50-70°C).

When cooled, it begins to become cloudy at 10 °C and
becomes a butter-like mass at about 0 DC.

Relative density
About 0.913.

IDENTIFICATION
First identification: A, 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.
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
270 run.

To 1.00 g add cyclohexane R and dilute to 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> Method A)
Maximum 10.0, or maximum 5.0 if intended for use in the
manufacture of parenteral preparations.

Unsaponifiable matter
Maximum 1.5 per cent.

2020

Place 5.0 g (m g) in alSO mL flask fitted with a reflux
condenser. Add SO mL of 2 M alcoholic potassium hydroxide R
and heat on a water-bath for 1 h, shaking frequently.
Add 50 mL of zuater R through the top of the condenser,
shake, allow to cool and transfer the contents of the flask to a
separating funnel. Rinse the flask with several portions
totalling 50 mL of lightpetroleum Rl 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 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 lightpetroleum Rl. Combine the light petroleum
layers in a 3r d separating funnel and wash with 3 quantities,
each of SO mL, of ethanol (50 per cent VIVJ R. Transfer the
light petroleum layer to a tared 250 mL flask. Rinse the
separating funnel with small quantities of lightpetroleum Rl
and add to the flask. Evaporate the light petroleum on a
water-bath and dry the residue at 100-105 °C for 15 min,
keeping the flask horizontal. Allow to. cool in a desiccator and
weigh (a g). Repeat the drying for successive periods of
15 min until the loss of mass between 2 successive weighings
does not exceed 0.1 per cent. Dissolve the residue in 20 mL
of ethanol (96 per cent) R, previously neutralised to 0.1 mL of
bromophenol bluesolution R. Ifnecessary, 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 O.032b is greater than 5 per cent of a, the test is not valid
and must be repeated.

Alkaline impurities (2.4.19)
It complies with the test.

Composition of fatty acids (2.4.22, Method A)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatty-acid fraction of the oil:
- saturatedfatty acids of chain lengthless than C16: maximum

0.1 per cent;
- palmitic acid: 7.5 per cent to 20.0 per cent;
- palmitoleic acid: maximum 3.5 per cent;
- stearic acid: 0.5 per cent to 5.0 per cent;
- oleic acid 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;
- 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 (2.4.23> Method B)
Composition of the sterol fraction of the oil:
- cholesterol: maximum 0.5 per cent;
~ campesterol: maximum 4.0 per cent;
- J 7-stigmastenol: maximum 0.5 per cent;
- sum of contents of Ll5>23-stigmastadienol> clerosterol,

f3-sitosterol, sitostanol, Ll5-avenasterol and Ll5>24
stigmastadienol: 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
1 min with a mixture of 0.5 mL of a 0.35 per cent V/V
solution of furfural R in acetic anhydrideRand 4.5 mL of
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acetic anhydride R. Filter through a filter paper impregnated
with acetic anhydride R. To the filtrate add 0.2 mL of sulfuric
acidR. No bluish-green colour develops.

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 DC. 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 of parenteral preparations
and the name of the inert gas.
____________________ PhEur

OlmesartanMedoxomil
(Ph.·. Eur. monograph 2600)

Olmesartan Medoxomil 11-463

Reference solution (a) Dissolve 5 mg of olmesartan medoxomil
for system suitability CRS (containing impurities A, B and C)
in acetonitrile R and dilute to 5.0 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL oftest solution (a) to
50.0 mL with acetonitrile R. Dilute 1.0 mL of this solution to
10.0 mL with acetonitrile R.
Reference solution (c) Dissolve 25.0 mg of olmesartan
medoxomil CRS in acetonitrile R and dilute to 50.0 mL with
the same solvent.

Column:
- size: 1= 0.10 m, 0 =4.6 mm;
- stationary phase: spherical end-capped octylsilyl silica gelfor

chromatography R (3.5 JlII1);
- temperature: 40 DC.

Mobile phase:
- mobile phaseA: mix 20 volumes of acetonitrile Rand

80 volumes of a 2.04 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 3.4 with a 1.73 gIL
solution of phosphoric acid R;

- mobile phaseB: mix 20 volumes of a 2.04 gIL solution of
potassium dihydrogen phosphate R, previously adjusted to
pH 3.4 with a 1.73 gIL solution of phosphoric acidR, and
80 volumes of acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIV)

0-10 75 25

10 - 35 75 -. 0 25 -. 100

35 - 45 0 100

PhEur _

DEFINITION
(5-Methyl-2-oxo-l,3-dioxol-4-yl)methyl 4-(1-hydroxy-l
methylethyl)-2-propyl-l-[[2'-(lH-tetrazol-5-yl)biphenyl-4-yl]
methyl]-lH-imidazole-5-carboxylate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison olmesartan medoxomil CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 25mg of the substance to be
examined in acetonitrile R and dilute to 25.0 mL with the
same solvent.
Testsolution (b) Dissolve 25.0 mg of the substance to be
examined in acetonitrile R and dilute to 50.0 mL with the
same solvent.

558.6

Action and use
Angiotensin IT (AT1) receptor antagonist.

Preparation
Olmesartan Tablets

144689-63-4
Flow rate 1.0 mlJrnin.
Detection Spectrophotometer at 250 nm,

Injection 10~ of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with olmesartan medoxomil for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, Band C.

Relativeretention With reference to olmesartan medoxomil
(retention time = about 10 min): impurity A = about 0.2;
impurity B = about 0.7; impurity C = about 1.5.

Systemsuitability Reference solution (a):
- resolution: minimum 3.5 between the peaks due to

impurity B and olmesartan medoxomiI.

Limits:
- impurity A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.4 per cent);

- impurity C: not more than 1.5 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 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 3.s 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 with reference solution (b)
(0.05 per cent).

Acetone
Head-space gas chromatography (2.2.28): use the direct
calibration method.
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6054-98-4346.2

(Ph. Bur. monograph 1457)

Action and use
Aminosalicylate; treatment of ulcerative colitis.

Olsalazine Sodium

D. (5-methyl-2-oxo-l,3-dioxol-4-yl)methyl 4-(I-hydroxy-l
methylethyl)-2-propyl-l-[[2'- [(2-triphenylmethyl)-2H
tetrazol-5-yl] biphenyl-4-yl] methyl]-IH-imidazole-5
carboxylate.

C. (5-methyl-2-oxo-l,3-dioxol-4-yl)methyl 4-(1
methylethenyl)-2-propyl-l-[[2'-(IH-tetrazol-5-yl)biphenyl
4-yl]methyl]-IH-imidazole-5-carboxylate,

____________________ PhEur

demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) B, D.

A. 4-(l-hydroxy-l-methylethyl)-2-propyl-l-[[2'-(lH-tetrazol
5-yl)biphenyl-4-yl]methyl] -IH-imidazole-5-carboxylic acid
(olmesartan),

B. 6,6-dimethyl-2-propyl-3-[[2'-(IH-tetrazol-5-yl)biphenyl-4
yl]methyl]- 3,6-dihydro-4H-furo [3,4-dJ imidazol-4-one,

50

50 - 180
180

200

200

Temperature
('C)

Time
(min)

5

5 - 18

18 - 23

Column

Injection port

Detection

Detection Flame ionisation.

Injection 1 mL.

Calculate the content of acetone, taking its relative density to
be 0.79 at 20 "C. .

Limit:
- acetone: maximum 0.6 per cent.

Water (2.5.32)
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.

Mobilephase Mobile phase B, mobile phase A (25:75 VIV)o

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.

Calculate the percentage content of C29H3oN"606 taking into
account the assigned content of olmesartan medoxomilCRS.

IlVIPURITIES
Specified impurities A J C.
Other detectable impurities (the followingsubstances would) if
present at a sufficient level) be detected by one or otherof 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 pharmaceuticaluse (2034). It is
therefore not necessary to z"dentify these impurities for

Internal standard solution Dilute 1.0 mL of butanolR to
100.0 mL with dimethyl sulfoxide R.
Test solution Dissolve 0.250 g of the substance to be
examined in dimethyl sulfoxide R~ add 2.0 mL of the internal
standard solution and dilute to 10.0 mL with dimethyl
sulfoxide R.

Reference solution Dilute 0.50 mL of acetone 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 dimethylsulfo:x:ide·R.

Column:
- material: fused silica;
- size: I = 30 m, 0 = 0.53 mm;
- stationaryphase: macrogol 20 000 R (film thickness. 1 J.lIl1).

Carrier gas nitrogen for chromatography R or heliumfor
chromatography R.

Flo'W rate 4.0 mlzrnin.
Split ratio 1:5.

Static head-space conditions that may be used:
-t-r-- equilibration temperature: 80 "C;
- equilibration time: 30 min.
Temperature:
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PhEur _

DEFINITION
Disodium 3,3'-diazenediylbis(6-hydroxybenzoate).

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow, fine, crystalline powder.

Solubility
Sparingly soluble in water, soluble in dimethyl sulfoxide, very
slightly soluble in methanol.

It shows polymorphism (5.9).

IDENTIFICATION
First identification: B, D.
Secondidentification: A, C, D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution" Dissolve 40.0 mg in 5 mL of 0.1 M sodium
hydroxide and dilute.to 100.0 mL with a 7.8 gIL solution of
sodiumd£hydrogen phosphate R adjusted to pH 7.2 with strong
sodiumhydroxide solution R (buffer solution). Dilute 2.0 mL
of the solution to 100.0 mL with the buffer solution.

Spectral range 240 tim to 400 nm.

Absorption maxima At 255 nm and 362 nm.

Absorbance ratio A25s1A362 =0.53 to 0.56.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison olsalazine sodiumCRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanolR, 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 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 olsalazine
sodiumCRS 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 (b) Dissolve 5 mg of sulfasalazine CRS in
reference solution (a) and dilute to 5 mL with reference
solution (a).

Plate TLC silica gelFz54plate R.
Mobilephase anhydrous formic acidR, acetone R, methylene
chlorideR (5:50:60 VIVIV).

Application 10 ~tL.

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 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. To 0.5 g add 2 mL of sulfuric acid R. Progressively heat to
ignition and continue heating until an almost white or at
most greyish residue is obtained. Carry out the ignition at a
temperature up to 800 ± 50°C. Dissolve the residue in

Olsalazinc Sodium H-465

10 mL of boiling water R and filter. 2 mL of the filtrate gives
reaction (a) of sodium (2.3.1).

TESTS
Acetate
Liquid chromatography (2.2.29).

Test solution Dissolve 0.125 g of the substance to be
examined in 25.0 mL of water R and add 1.0 mL of dilute
hydrochloric acidR. Centrifuge and then filter the solution
through a 0.45 urnfilter and also through an appropriate
filter for removal of chlorides.

Reference solution (a) Dissolve 0.140 g of sodium acetate R,
0.150 g of sodium formate Rand 0.180 g of potassium sulfate R
in 100.0 mL of water R. Dilute 1.0 mL of this solution to
100.0 mL with water R.

Reference solution (b) Use suitable amounts of sodium
acetate R to prepare not fewer than 5 reference solutions
containing 10-50 ug/ml, of acetate.

Column:
- size: I = 0.25 m, (2) =9 nun;
- stationary phase: ion-exclusion resin for chromatography R

with a capacity of about 27 meqlcolumn.

Suppressor column.
Mobz1e phase 0.0001 M hydrochloric acid.

Flow rate 0.9 mUmin.

Detection Conductivity detector at 10 us-ern-1.

Injection 0.1 mL.

System suitabz1ity Reference solution (a):
- the chromatogram 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
peak area for acetate. Calculate the percentage content of
acetate using the following expression:

2.6 c

m

concentration of acetate in the test solution, in micrograms per
millilitre, determined by linear interpolation of the standard
curve for reference solution (b);

m mass of sample, in milligrams.

Limit:
- acetate: maximum 1.0 per cent.

-Methanesulfonic acid
Liquid chromatography (2.2.29).

Test solution Dissolve 0.25 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 water R.
Centrifuge and then filter the solution through a 0.45 um
filter and also through an appropriate filter for removal of
chlorides.

Reference solution (a) Dissolve 0.25 g of methanesulfonic
acid R 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
waterR.

Reference solution (b) Dissolve 0.10 g of methanesulfonic
acid R in waterR and dilute to 100.0 mL with water R.
Dilute 3.0 mL of this solution to 100.0 mL with waterR.
Precolumn:
- size: l =0.035 m, (2) = 4 mm;
- stationary phase: resin for reversed-phase ion

chromatography R (10 urn).
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Column:
- size: 1= 0.25 m, 0 = 4 mm;
- stationary phase: resin for reversed-phase ion

chromatography R (10 1JlIl).

Mobile phase Mix 10 volumes of acetonitrile 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 j.lS.cm-1.

Injection 100 j.LL.
System suitab£lity Reference solution (a):
- the chromatogram shows 3 separated peaks.

Limit:
- methanesulfonic acid: not more than the area of the ,

corresponding peak in the chromatogram obtained with
reference solution (b) (0.3 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in mobile phase A and dilute to 25.0 mL with
mobile phase A.

Reference solution (a) Dilute 0.5 mL of the test solution to
100.0 mLwith mobile phase A.

Reference solution (b) Dissolve 20.0 mg of olsalazine sodium
forperformance testCRS in mobile phase A and dilute to
25.0 mL with mobile phase A.

Column:
- size: 1= 0.125 m, 0 = 4.0 rom;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1JlIl);
- temperature: 30°C.

Mobile phase:
- mobile phase A: dissolve 2.38 g of tetrabutylammonium

hydrogen sulfate Rand 3.6 g of disodium hydrogen phosphate
dihydrate R in 900 mLof waterR, adjust to pH 7.6 with
dilute sodium hydroxide solution R and dilute to 1000.0 mL
with water R; mix 700 mL of this buffer solution with
300 mL of methanol R;

- mobile phase B: dissolve 4.75 g of tetrabutylammonium
hydrogen sulfate Rand 3.6 g of disodium hydrogen phosphate
dihydrate R in 900 mL of waterR, adjust to pH 7.6 with
dilute sodium hydroxide solution R and dilute to 1000.0 mL
with waterR; mix 350 mL of this buffer solution with
650 mL of methanol R;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIJI)

0-15 55 45

15 - 45 55 -+ 0 45 -+ 100

45 - 50 0-+55 100 -+ 45

50 - 65 55 45

Flow rate 1 mlJrnin.
Detection Spectrophotometer at 360 run.

Injection 20 j.LL.
System suitability Reference solution (b):
- the chromatogram is similar to the chromatogram

obtained with olsalazine sodium forperformance testCRS.
Limits:
- impurities A, B, C, D, E, F, G, H, I: for each impurity,

not more than twice the area of the principal peak in the
chromatogram obtained with reference solution (a)

2020

(1.0 per cent), and not more than one of the peaks has 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 per cent);

- disregard limit: 0.05 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 2.0 per cent, determined on 1.000 g by drying in
an oven at 150 °C.

ASSAY
Dissolve 0.100 gin 15 mL of ethylene 'glycol R. Add 40 mL of
dioxan R and 0.2 mL of a 224 gIL solution ofpotassium
chloride R. Titrate with 0.1 M hydrochloric acid, determining
the end-point potentiometrically (2.2.20). Carry out a blank
titration.

Correct the volume consumed for the content of acetate,
taking the molecular mass of acetate to be 59.0.

1 mL of 0.1 M hydrochloric acid is equivalent to 17.31 mg of
Cl~8N2Na206'

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, 1.

A. 6-hydroxy-6'-methoxy-3,3'-diazenediyldibenzoic acid,

V
·

1
<:::::".. ~NUC02H

HOzc N I
OH # OH

B. 2,6'-dihydroxy-3,3'-diazenediyldibenzoic acid,

HOY')

.~ .N

U
· COzH

N I
# OH

C. 2-hydroxy-5-[(4-hydroxyphenyl)diazenyl]benzoic acid,

CIY')

~ ~NU~COzHH02C N I
# OH

D. 6-chloro-6'-hydroxy-3,3'-diazenediyldibenzoic acid,

E. 2-hydroxy-5-[[4-hydroxy-3-(sulfoacetyl)phenyl)diazenyl]
benzoic acid,
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F. 2'-[(3-carboxy-4-hydroxyphenyl)diazenyl]-4,5'
dihydroxybiphenyl-3,4'-dicarboxylic acid,

OH

Omega-3-Acid Ethyl Esters 60 11-467

heneicosapentaenoic acid (C21:5 n-3), clupanodonic acid
(C22:5 n-3) and cervonic (docosahexaenoic) acid
(C22:6 n-3; DHA). Omega-3-acid ethyl esters 60 are
obtained by transesterification of the body oil obtained from
fish of families such as Engraulidae, Carangidae, Clupeidae,
Osmeridae, Salmonidae and Scombridae or from animals of the
class Cephalopoda and subsequent physico-chemical
purification processes, including molecular distillation.
The minimum content of total omega-3-acid ethyl esters and
the minimum content of the omega-3-acids EPA and DHA
ethyl esters are indicated in Table 2063.-1.

Table 2063.-1

Total omega-s- EPA and DHA EPA ethyl
acid ethyl esters ethyl esters esters

Minimum. content (per cent)

65

60

55

50

50

50

25

40

DHA ethyl
esters

20
40

G. 5:.[(3-carbo~-4..hydroxyphenyl)diazenyl]-2,4'
dihydroxybip?enifl-3,3r-dicarboxylic acid,

OH

H~C'Q

N·N

HO~

U ~ND:~.C02H
H02C N I

# OH

H. 3,3'- [5-carboxy-4-hydroxy-1,3-phenylenebis(diazenediyl)]
bis (6-hydroxybenzoic) acid,

1. 3,3'- [4-hydroxy-1 ,3-phenyIenebis(diazenediyl) ]bis (6
hydroxybenzoic) acid.

____________________ PhEur

Omega-3-Acid Ethyl Esters 60
(Ph. Bur. monograph 2063)

Action and use
Lipid-regulating drug.

PhEur _

DEFINITION
Ethyl esters of alpha-linolenic acid (C18:3 n-3), moroctic
acid (C18:4 n-3), eicosatetraenoic acid (C20:4 n-3),
timnodonic (eicosapentaenoic) acid (C20:5 n-3; EPA),

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
Light yellow liquid.

Slight fish-like odour.

Solubility
Practically insoluble in water, very soluble in acetone, in
ethanol (96 per cent), in heptane and in methanol.

IDENI1FICATION
A. Examine the chromatograms obtained in the assay
for EPA and DHA 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 similar in retention time to
the corresponding peaks in the chromatograms obtained with
reference solutions (al) and (az).

B. It complies with the limits of the assay for totalomega-3
acid ethyl esters.

TESTS
Absorbance (2.2.25)
Maximum 0.60 at 233 nm.

Dilute 0.300 g to 50.0 mL with trimethylpentane R. Dilute
2.0 mL of the solution to 50.0 mL with trimethylpeniane R.

Acid value (2.5.1)
Maximum 2.0, determined on 109 in 50 mL of the
prescribed mixture of solvents.

Anisidine value (2.5.36)
Maximum 20.0.

Peroxide value (2.5.5) Method A)
Maximum 10.0.

Oligomers 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 tetrahydrofuran R.
Reference solution Dissolve 50 mg of monodocosahexaenoin R,
30 mg of didocosahexaenoin Rand 20 mg of
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34 min

1. oligomers 2. moooglycerides 3. fatty acid ethyl esters

Figure 2063.-1. - Chromatogram for the testfor oligomers and partial glycerides in omega-S-acid ethyl esters 60

13

3

2

19

-r- I I 1 I----r- I -r--I I I
10 11 12 13 14 15 16 17 18 19 20 21

I I I I t I I I
22 23 24 25 26 27 28 min

1. C16:0
2. C18:0
3. C18:1 0-9

4. C18:1 0-7
5. C18:2 0-6
6. C18:3 0-3

7. C18:4 0-3
8. C20:0
9. C20:1 0-9

9a. C20:1 0-11
10. C20:1 n-7
11. C20:4 n-6

12. C20:4 0-3
13. EPA
14. C22:1 0-11

15. C22:1 n-9
16. C21:5 0-3
17. C22:5 n-6

18. C22:5 0-3
19. DHA

Figure 2063.-2. - Chromatogram for the assays of omega-3-acid ethyl esters 60
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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;
- stationaryphase: styrene-div£nylbenzene copolymer R (5 J.UTI)

with the following pore sizes:
- column 1: 50 nm;
- column 2: 10 nm;
- column 3: 5 nm;

- connection sequence: injector ~ column 1 - column 2 -
column 3 - detector.

Mobile phase tetrahydrofuran R.
Flow rate 0.8 mUmin.

Detection Differential refractometer.

Injection 40 ul.,
System suitab£lity Reference solution:
- elution order: tridocosahexaenoin, didocosahexaenoin,

monodocosahexaenoin;
-resolution: minimum 2.0 between the peaks due to

didocosahexeenoin and monodocosahexaenoin;
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
:Ii x 100

A sum of the areas of all the peaks in the chromatogram;
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 form of
an unresolved double peak, are identified as the major peaks
in the chromatogram (see Figure 2063.-1).

Limit:
- sum of oligomers and partial glycerides: 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-3-acid ethyl esters (2.4.29)
See Figure 2063.-2.

STORAGE
Under an inert gas, in an airtight container, protected from
light.

LABELLING
The labelstates:
- the content of total omega-3-acid ethyl esters;
- the content of EPA ethyl ester and DHA ethyl ester.
_____________________ PhEur

Omega-3-Acid Ethyl Esters 90
(Ph. Bur. monograph 1250)

Action and use
Lipid-regulating drug.

PhEur _

DEFINITION
Ethyl esters of a(pha-linolenic acid (C18:3 n-3), moroctic
(stearidonic) acid (C18:4 n-3), eicosatetraenoic acid

Omega-3-Acid Ethyl Esters 90 11-469

(C20:4 n-3), timnodonic (eicosapentaenoic) acid
(C20:5 n-3; EPA), heneicosapentaenoic acid (C21:5 n-3),
clupanodonic (omega-3 docosapentaenoic) acid (C22:5 n-3)
and cervonic (docosahexaenoic) acid (C22:6 n-3; DHA).
Omega-3-acid eth-ylesters 90 are .obtained by
transesterification of the body oil obtained from fish of
families such as Engraulidae, Carangidae, Clupeidae,
Osmeridae, Salmonidaeand Scombridae or from animals of the
class Cephalopoda and subsequent physico-chemical
purification processes, including urea fractionation followed
by molecular distillation.

Content
- EPA and DHA ethyl esters: 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
minimum 34.7 per cent and maximum 40.3 per cent of
DHA ethyl esters;

- total omega-3-acidethyl esters (corresponding to the sum of the
ethyl esterslistedunderDefinition): minimum 90 per cent.

A suitable antioxidant may be added.

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 (ED) No 589/2014, Annex ill, and
in scientific publications of the European Food Safety
Authority [EFSA, 2011].

Persistent organic pollutants Maximum content

Polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans 1 pgfg (WHO-TEQ***)
(PCDD/PCDF)*

Polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans

5 pgfg (WHO-TEQ)
(PCDD/PCDF) and dioxin-like
polychlorinated biphe1lJJ1s (DLPCBs)*

Non-dioxin-like polychlorinated
biphenyls (NDLPCBs; 7PCB) (sum of

60 ngfgcongeners 28, 52, 101~ 118, 138, 153
and 180)*

Polybrominated diphe1lJJl ethers
(PBDEs) (sum of congeners 28, 47, 3 ngfg
49, 99, 100, 153 and 154)**

*Commission Regulation (ED) No 589/2014, Annex ill.
**EFSA Joumal 2011;9(5):2156, [274 pp.].
***WHO-TEQ =2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,S-TCDD) toxic
equivalent (TEQ) 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 DHA ethyl esters.
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Fatty acid Fan-yo acid r Fatty acid

1. C14:0 0.278 8. C18:3 n-6 0.557 15. C20:3·n-6 0.720

2. Phytanic acid 0.416 9. C18:3 n-4 0.574 16. C20:4 n-6 0.736

3. C16:3 n-4 0.431 10. C18:3 n-3 0.585 17. Fumn acid 7 0.744

4. C16:4 n-l 0.468 11. C18:4 n-3 0.608 18. C20:4 n-3 0.777

5. CI8:0 0,488 12. C18:4 n-I 0.618 19. Furan acid 8 0.783

6. C18:1 n-9 0.501 13. Furan acid 5 0.691 20. EPA 0.796

7. CI8:2 n-6 0.535 14. C19:5 0.710 21. Furan acid 9 0.867

r: relative retention with reference to DHA ethyl ester (retention time=about23 min).

Fatty acid

22. C21:5 n-3 0.889

23. C22:4 n-6 0.917

24. Furan acid 10 0.922

25. C22:5 n-6 0.939

26. Furan acid II 0.963

27. C22:5 n-3 0.977

28. DHA 1.000

29. C24:6 1.183

Figure 1250.-2. - Chromatogram for the assayof omega-L-acid ethyl esters 90 and the testfor unidentified fatty acid ethylesters

Results The peaks due to eicosapentaenoic acid ethyl ester
and docosahexaenoic acid ethyl ester in the chromatogram
obtained with test solution (b) are similar in retention time to
the corresponding peaks in the chromatograms obtained with
reference solutions (a.) and (az).

B. It complies with the limits of the assay for total omega-3
acid ethyl esters.

TESTS
Absorbance (2.2.25)
Maximum 0.55 at 233 nm.
Dilute 0.300 g to 50.0 mL with trimethylpeniane 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 109 in 50 mL of the
prescribed mixture of solvents.

Anisidine value (2.5.36)
Maximum 20.0.

Peroxide value (2.5.5, Method B)
Maximum 10.0.

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:

100xB
A

A sum of the areas of all peaks, excluding those due to solvents,
butylhydroxytolueneand the-internal standard;

B area of the largest single unidentified peak, excludingthose due
to solvents,burylhydroxytolueneand the internal standard.

Calculate the percentage content of total unidentified fatty
acid ethyl esters, using the following expression:

100 _ 100 x C
, A

C sum of the areas of the peaks due to ethyl esters identified in
Figure 1250.-2.

Limits:
- fatty add ethylester corresponding to the largest single

unidentified peak: maximum 0.5 per cent;
- total unidentified fatty add ethyl esters: maximum

2 per cent.

Cholesterol (2.4.32)
Maximum 3.0 mg/g.

Oligomers
Size-exclusion chromatography (2.2.30).
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_____________________ PhEur

Figure 1250.-1. - Chromatogram for the testfor oligomers in
omega-3-acid ethyl esters 90:spiked sample

Limit:
- oligomers: maximum 1.0 per cent.

2. ethyl esters1.oligomers

B'
A x 100

A sum of the areas of all the peaks in the chromatogram;
B' sum of the areas of the peaks with a retention time less than the

retention time of the peaks due to methyl esters.

ASSAY
EPA and DHA ethyl esters (2.4.29)
For identification of the peaks, see Figure 1250.-2.

Total omega-S-acid ethyl esters (2.4.29)
See Figure 1250.-2.

STORAGE
Under an inert gas, in an airtight container, protected from
light.
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The ethyl ester peaks, which may be present in the form 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 quartz 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 polytetrafluoroethylene-lined
cap, mix and heat on a water-bath for 7 min. Allow to cool.
Add 2 mL of boron trichloride-methanol solution R, cover with
nitrogen R, cap tightly, mix and heat on a water-bath 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 ISs.
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 sodium sulfateR and filter.

Calculate the percentage content of oligomers using the
following expression:

BA x 100

Test solution Dilute 50.0 mg of the substance to be
examined to 10.0 mL with tetrahydrofuran R.
Reference solution Dissolve 50 mg of monodocosahexaenoin R,
30 mg of didocosahexaenoin 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: l = 0.3 m, 0 =7.8 mm.;
- stationary phase: st;yrene-divinylbenzene copolymer R (5 urn)

with the following pore sizes:
- column 1: SO nm.;
- column 2: 10 nm;
- column 3: 5 nm;

- connection sequence,: injector - column 1 - column 2 -
column 3 - detector.

Mobile phase tetrahydrofuran R.
Flow rate 0.8 mlJmin.
Run time, 38 min.:

Detection" Differential refractometer.

Injection 40 J.LL.
Systemsuitabzlity Reference solution:
- elution order. tridocosahexaenoin, didocosahexaenoin,

monodocosahexaenoin;
- resolution: minimum 2.0 between the peaks due to

didocosahexaenoin and monodocosahexaenoin;
minimum 1.0 between the peaks due to
tridocosahexaenoin and didocosahexaenoin.

Calculate the percentage content of oligomers using the
following expression:

A sum of the areas of all the peaks in the chromatogram;
B sum of the areas of the peaks with a retention time less than the

retention time of the peaks due to ethyl esters.
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Omega-3-Marine Triglycerides
(Omega-3-Acid Triglycen"des~ Ph. Eur. monograph
1352)

Action and use
Lipid-regulating drug.

PhEur --,-- _

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 transesterification of the omega-3 acid ethyl
esters with glycerol. The origin of the omega-3 acids is the
body oil obtained from fish of families such as Engraulidae,
Carangidae, Clupeidae, Osmeridae, Salmonidae and Scombridae
or from animals of the class Cephalopoda. The omega-3 acids
are identified as the following acids: alj>ha-linolenic acid
(C18:3 n-3), moroctic acid (C18:4 n-3), eicosatetraenoic acid
(C20:4 n-3), timnodonic (eicosapentaenoic) acid (C20:5 n-3;
EPA), heneicosapentaenoic acid (C21:5 n-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 and DHA,

expressed as triglycerides: minimum 45 per cent;

2020

- total omega-3 acids, expressed as triglycerides: 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
andDHA.

Results The peaks due to eicosapentaenoic acid methyl ester
and docosahexaenoic acid methyl ester in 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 (az).
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16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 min

1. oligomers 2. triglycerides 3. diglycerides 4. monoglycerides

Figure 1352.-1. - Chromatogram for the testfor oligomers and partialglycerides in omega-i-acid triglycerides
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1. C14:0
2. C16:0
3. C16:1 0-7

4. C16:4 0-1
5. C18:0
6. C18:1 0-9

7. C18:1 0-7
8. C18:2 0-6
9. C18:3 0-3

10. C18:4 0-3
11. C20:0
12. C20:1 0-11

13. C20:1 0-9
14. C20:1 0-7
15. C20:2 0-6

16. C20:4 0-6
17. C20:40-3
18. EPA

19. C22:0
20. C22:1 n-ll
21. C22: 1 n-9

22. C21:5 0-3 25. ORA
23. C22:5 0-6 26. C24:1 0-9
24. C22:5 0-3

Figure 1352.-2. - Chromatogram for the assays of omega-3-acids in omega-3-acid triglycerides

TESTS
Absorbance (2.2.25)
Maximum 0.73 at 233 nm.

Dilute 0.300 g to 50.0 mL with trimethylpentane R. Dilute
2.0 mL of the solution to 50.0 mL with trimethylpentane R.

Acid value (2.5.1)
Maximum 3.0, determined on 10.0 g in 50 mL of the
prescribed mixture of solvents.

Anisidine value (2.5.36)
Maximum 30.0.

Peroxide value (2.5.5, MethodA)
Maximum 10.0.

Oligomers 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 tetrahydrofuran R.

Reference solution Dissolve50 mg of monodocosahexaenoin R,
30 mg of didocosahexaenoin 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 urn)

with the following pore sizes: .
- column 1: 50 nm;
- column 2: 10 nm;
- column 3: 5 nm;

- connection sequence: injector - column 1 - colwnn 2 -
column 3 - detector.

Mobzle phase tetrahydrofuran R.

Flow rate 0.8 mIJmin.
Detection Differential refractometer.

Injection 40 ul.,
System suitability Reference solution:
- elution order: tridocosahexaenoin, didocosahexaenoin,

monodocosahexaenoin;
- resolution: minimum 2.0 between the peaks due to

didocosahexaenoin and monodocosahexaenoin; minimum
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_____________________ PhEur

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.

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 nm
is not greater than 0.10.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Testsolution 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
1 mg of omeprazole impurity 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 forpeak
identification CRS (containing impurity E) in the mobile
phase and dilute to 20.0 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.6 rom;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 um).

Mobilephase Mix 27 volumes of acetonitrile R and
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 mlJmin.
Detection Spectrophotometer at 280 nm.

Injection 40 J.LL.
Run time 5 times the 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 identification 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 suitabHity Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurity D and omeprazole; if necessary, adjust the pH of

73590-58-6

and enantiomer

345.4

CA x 100

sum of the areas of all the peaks in the chromatogram;
(sum of the) area(s) of the peak(s) due to the mono- and
diglycerides.

A
C

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

Preparations
Omeprazole Gastro-resistant Tablets

Omeprazole Oral Suspension

PhEur _

Limits:
- oligomers: maximum 3.0 per cent;
- partialglycerides: maximum 50.0 per cent.

ASSAY
EPA and DHA (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.

DEFINITION
5-Methoxy-2-((RS)- ((4-methoxy-3,5-dimethylpyridin-2-yl)
methyl] sulfinyl]-lH-benzimidazole.

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

CHARACTERS
Appearance
White or almost white powder.

(Ph. Bur. monograph 0942)

Calculate the percentage content of partial glycerides 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.

B
A x 100

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
oligomers using the following expression:

Omeprazole
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the aqueous part of the mobile phase or 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 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).

Loss on drying (2.2.32)
Maximum 0.2,.per cent, determined on 1.000 g by drying
under high vacuum at 60°C for 4 h.

Sulfatedash:(2.4.14)
Maximum O..~per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 10 mL of waterRand
40 mL of ethanol (96 per cent) 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 34.54 mg
of C17H19N303S.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8°C.

IMPURITIES
Specified impurities D, E, F, G.
Other detectable impurities (thefollowing 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/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identtfy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A~ B, C;, H, 1.

A. 5-methoxy-1H-benzimidazole-2-thioI,

B. 2-[(RS)-[(3,5-dimethylpyridin-2-yl)methyl]sulfinyl]-5
methoxy-lH-benzimidazole,

Omeprazole 11-475

C.5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfanyl]-lH-benzimidazole (ufiprazole),

D. 5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl] sulfonyl]-IH-benzimidazole .(omeprazole sulfone),

~H3CO ~ _NH CH3

NAS:6..OCH3 and enantiomer
, II I

o N A

0' or CH3

E. 4-methoxy-2-[[(RS)-(5-methoxy-lH-benzimidazol-2-yl)
sulfinyl]methyl]-3,5-dimethylpyridine l-oxide,

ScexCH3 0
. ~ N N
~r # CH3

H3CO~N

F. 8-methoxy-I,3-dimethyl-12-thioxopyrido
[1 ',2/:3,4]imidazo[I,2-a]benzimidazol-2(12H)-one,

~O
H3CO~N)y-~~

~:>-N # CHa

G. 9-methoxy-I,3-dimethyl-12-thioxopyrido
[1 ',2':3,4]imidazo [1,2-a]benzimidazol-2(I 2H)-one,

~
H3CO ~ JNH . CH3

NAs~CI andenantiomer
II I
o N #

CH3

H. 2- [(RS)- [(4-chloro-3,5-dimethylpyridin-2-yl)methyl]
sulfinyl]-5-methoxy-IH-benzimidazole,

1. 4-methoxy-2-[[(5-methoxy-lH-benzimidazol-2-yl)sulfonyl]
methyl]-3,5-dimethylpyridine l-oxide,

____________________ PhEur
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PhEur _

Omeprazole Magnesium Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL ofthis
solution to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.6 rom;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 11m).
Mobile phase Mix 27 volumes of acetonitrile R and
73 volumes of a 1.4 g/L solution of disodium hydrogen
phosphate dodecahydrate R previously adjusted to pH 7.6 with
phosphoric acidR.

Flow rate 1 mlJmin.

Detection Spectrophotometer at 280 nm.

Injection 40 IlL.
Run time 5 times the retention time of omeprazole.

Identification of impurities:
- use the chromatogram supplied with omeprazole for peak

identification CRS and the chromatogram obtained with
reference solution (b) to identify the peak due to
impurity E;

- use the chromatogram obtained with reference
solution (a) to identify the peak due to impurity D.

Relativeretention With reference to omeprazole (retention
time = about 9 min): impurity E =about 0.6,
impurity D = about 0.8.

System suitability 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 its proportion of
acetonitrile; an increase in the pH will improve the
resolution. .

Limits:
- impurities D~ E: for each impurity, maximum 0.1 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- 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).

Atomic absorption spectrometry (2.2.23~ Method1).

Test solution Dissolve 0.250 gin 20.0 mL of a 103 gIL
solution of hydrochloric acid R by slow addition of the acid
and dilute to 100.0 mL with waterR. Dilute 10.0 mL of the
solution to 200.0 mL with waterR. To 10.0 mL of this
solution add 4 mL of lanthanum chloride solution R and dilute
to 100.0 mL with waterR.

Reference solutions Prepare the reference solutions using
magnesium standard solution (1000 ppm Mg) R, diluting with a
mixture of 1 mL of a 103 gIL solution of hydrochloric acidR
and 1000.0 mL of waterR.

Wavelength 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 11 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.

95382-33-5713

(Ph. Eur. monograph 2374)

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

DEFINITION
Magnesium bis [5-methoxy-2-[(RS)-[(4-methoxy-3,5
dimethylpyridin-2-yl)methyl] sulfinyl]-lH-benzimidazol-1-ide] .
It contains a variable quantity of water.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Very slightly 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): -0.10° 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 omeprazole magnesium CRS.
C. Atomic absorption spectrometry (2.2.23) as described in
the test for magnesium.

The test solution shows the absorption maximum at
285.2 nm.

D. Ignite about 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 m.L of water R. 2 mL of this
solution gives the reaction of magnesium (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 mL with
the same solvent. Filter the solution through a membrane
filter (nominal pore size 0.45 urn).

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
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
1 mg of omeprazole impuniy 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 E) in the mobile
phase and dilute to 20.0 mL with the mobile phase.
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------------- PhEur

95510-70-6385.4

(ph. Eur. monograph 1032)

H3CO-0-N- CH3

Na+ ~NAsnOCH3'
II I
o N #

and enantiomer ~ CH3

DEFINITION
Sodium 5-methoxy-2-[(RS)-[(4-methoxy-3,5
dimethylpyridin-2-yl)methyl] sulfinyl]-lH-benzimidazole
monohydrate.

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

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

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

PhEir _

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

E. 4-methoxy-2-[[(RS)-(5-methoxy-lH-benzimidazol-2-yl)
sulfinyl] methyl] -3,5-dimethylpyridine l-oxide.

Omeprazole Sodium

D. 5-methoX"f-2~[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfonyl] -IH-benzimidazole,

H3CO-0-NH CH3

. ·~NAsnOCH3
II· I
o ".N #

and enantiomer 0 . CH3

H3CO-QNH CH,

N~S~II I
o N #

and enantiomer CH3

Test solution Dissolve 10.0 mg of the substance to be
examined in about 10 mL of methanolR. 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 methanolR. Add 10 mL of buffer pH 11.0
and dilute to 200.0 mL with waterR.

Column:
- size: 1= 0.125 m,0= 4 mm;
- stationaryphase: ocrylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Mix 35 volumes of acetonitrile Rand
65 volumes of a 1.4 g/L solution of disodium hydrogen
phosphatedodecahydrate R previously adjusted to pH 7.6 with
phosphoric-acid R.

Flow rate I mIJrnin.
Detection Spectrophotometer at 280 nm.

Injection 20 IlL.
Run time 1.5 times the retention time of omeprazole.

Retention time On1~prazole= about 4 min.

Calculate the percentage content of C3.JI36MgN606Sz from
the declared. content .of omeprazde CRS.

I g of omeprazole is equivalent to 1.032 g of omeprazole
magnesium.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specifiedimpurities D, E.

Other detectable impurities (the following substances would, if
presentat a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimited by 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. Controlof impurities
in substances for pharmaceutical use) A, B, C.

A. 5~methoxy-IH-benzimidazole-2-thiol,

B. 2- [(RS) - [(3,5-dimethylpyridin-2-yl)methyl] sulfinyl] -5
methoxy-IH-benzimidazole,

C. 5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl] sulfanyl] -IH-benzimidazole,

IDENTIFICATION
A. Optical rotation (2.2.7): -0.10° to + 0.10°, determined on
solution S.

B. Infrared absorption spectrophotometry (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 methanolR and stir;
while stirring, adjust to pH 8-9 by adding, dropwise, dilute
aceticacid R (about 0.4 mL); continue stirring until
crystallisation and isolate the crystalline precipitate by
filtration; wash with 5 mL of waterR, then 2 mL of
methanol R, and dry in vacuo at 40°C for 30 min.

Comparison omeprazole CRS.

If the spectra obtained in the solid state show differences,
dissolve the crystalline precipitate and the reference substance
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separately in methanolR, evaporate to dryness and record
new spectra using the residues.

C. Ignite 1 g and cool. Add 1 mL of waterR to the residue
and neutralise with hydrochloric acid R. 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
Solution S
Dissolve 0.50 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
than reference solution B6 (2.2.2~ Method II).

pH (2.2.3)
10.3 to 11.3 for solution S.

Related substances
Liquid chromatography (2.2.29). Prepare solutions immediately
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 (a) Dissolve 1 mg of omeprazole CRS and
1 mg of omeprazole impuni;y 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 omeprazcle for peak
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 mID;
---:- stationary phase: octylsityl silica gelfor chromatography R

(5 1J111).

Mobile phase Mix 27 volumes of acetonitrile Rand
73 volumes of a 1.4 gIL solution of disodium hydrogen
phosphate dodecahydrate R, previously adjusted topfI 7.6 with
phosphoric acid R.

Flow rate 1 mIJmin.

Detection Spectrophotometer at 280 nm.

Injection 40 J.LL.
Run time 5 times the retention time of omeprazole.

Identification of impurities Use the chromatogram supplied
with omeprazole for peak 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.

Relative retention With reference to omeprazole (retention
time =about 9 min): impurity E = about 0.6;
impurity D =about 0.8.

System suitability 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 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 obtained with reference solution (b)
(0,15 per cent);

2020

- -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)
4.5 per cent to 10.0 per cent, determined on 0.300 g.

ASSAY
Dissolve 0.300 g in 50 mL of waterR. Titrate with 0.1 M
hydrochloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M hydrochloric acid corresponds to 36.74 mg
of C17HlSN3Na03S,

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities D, E.

Other detectable impurities (the following 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 impurities and/orby 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
in substances for pharmaceutical use) A, B~ C.

A. 5-methoxy-1H-benzimidazole-2-thiol,

B. 2- [(RS)- [(3,5-dimethylpyridin-2-yl)methyl]sulfinyl]-5
methoxy-1H-benzimidazole,

C. 5-methoxy- 2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfanyl]-1H-benzimidazole (ufiprazole),

D.5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfonyl]-1H-benzimidazole (omeprazole-sulfone),
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____________________ PhEur

Reference solution (b) Dilute 1 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 solvent mixture.

Plate TLC silica gel F254 plate R.

Mobile phase concentrated ammoniaR, methanolR, ethyl
acetate R, methylene chloride R (2:40:50:90 V/V/V/V).

Application 20~.

Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

Retardation factors Impurity A = about 0.3;
impurity B = about 0.4; ondansetron = about 0.6.

System suitability The chromatogram obtained with
reference solution (a) shows 3 clearly separated spots.

Limit:
- impurity B: any spot corresponding to impurity B in the

chromatogram obtained with the test solution is not more
intense than the principal spot in the chromatogram
obtained with reference solution (b) (0.4 per cent).

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 100.0 mL with
the mobile phase.

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 mobile phase. Dilute 10.0 mL of the solution to
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 phase. Dilute 10.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0mg of ondansetron
impurity E CRS and 5 mg of ondansetron impurity A CRS in
the mobile phase and dilute to 100.0 mL with the mobile
phase.

Reference solution (c) Dissolve 5 mg of ondansetron for LC
system suitability CRS (containing impurities C and D) in the
mobile phase and dilute to 10.0 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 rnl, of the solution to
100.0 mL with the mobile phase.

Reference solution (e) Dissolve 90.0 mg of ondansetron
hydrochloride dihydrate 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 mL with the mobile phase.

Reference solution (j) Dissolve 5.0 mg of ondansetron
impurityF 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 (f) and dilute to 100.0 mL
with the mobile phase.

Column:
- size: 1= 0.25 m, (2) =4.6 mm;
- stationary phase: spherical nitrile silica gelfor

chromatography R (5 urn) with a specific surface area of
220 m2/g and a pore size of 8 nm.

Mobzle phase Mix 20 volumes of acetonitrile Rl and
80 volumes of a 2.8 gIL solution of sodium dihydrogen
phosphate monohydrate R previously adjusted to pH 5.4 with a
40 gIL solution of sodium hydroxide R.

103639-04-9365.9

and enantiomer

PhEur _

E. 4-methoxy-2-[[(RS)-(5-methoxy-lH-benzimidazol-2-yl)
sulfinyl]methyl]-3,5-dimethylpyridine I-oxide.

DEFINITION
(3RS)-9-Methyl-3-[ (2-methyl-lH-imidazol-l-yl)methyl]
1,2,3,9-tetrahydro-4H-carbazol-4-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.

Ondansetron Hydrochloride
Dihydrate
(Ph. Eur. monograph 2016)

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ondansetron hydrochloride dihydrate CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
ImpurityB
Thin-layer chromatography (2.2.27).

Solvent mixture concentrated ammonia R, ethanol
(96 per cent) R, methanolR (0.5:100:100 V/V/V).

Test solution Dissolve 0.125 g of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution (a) Dissolve 12.5 mg of ondansetron for
TLC system suitability CRS (containing impurities A and B) in
the solvent mixture and dilute to 1.0 mL with the solvent
mixture,

Action and use
Serotonin 5HT3 antagonist; treatment of nausea and
vomiting.

Preparations
Ondansetron Injection

Ondansetron Tablets

www.webofpharma.com
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Flow rate 1.5 mUmin.

Detection Spectrophotometer at 216 nm.

Injection 20 JlL of test solution (a) and reference
solutions (a), (b), (c), (d), (f) and (g).

Run time 1.5 times the retention time of ondansetron.

Identification of impurities:
- use the chromatogram supplied with ondansetron for LC

system suitabiluy CRS and the chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities C and D;

- use the chromatogram obtained with reference
solution (b) to identify the peaks due to impurities A
andE;

- use the chromatogram obtained with reference solution (f)
to identify the peaks due to impurities F and G.

Relativeretention With reference to ondansetron (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 Reference solution (c):
- resolution: minimum 2.5 between the peaks due to

impurities C and D.
Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity C by 0.6;
- impurity C: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.2 per cent);

- impurity D: not more than 1.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (d) (0.15 per cent);

- sum of impurities A and G: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);

- sum of impurities E and F: not more than the sum of the
areas of the corresponding peaks in the chromatogram
obtained with 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 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)
9.0 per cent to 10.5 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.

Injection Test solution (b) and reference solution (e).

Calculate the percentage content of ClsHzoClN30 from the
declared content of ondansetron hydrochloride dihydrate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

2020

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneorother of the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified 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 also 5.10. Control of impurities
in substances for pharmaceuticaluse) H.

A. (3RS)-3-[(dimethylamino)methyl]-9-methyl-1,2,3,9
tetrahydro-4H-carbazol-4-one,

B. 6,6'-methylenebis [(3RS)-9-methyl-3- [(2-methyl-1H
imidazol-1-yl)methyl] -1,2,3,9-tetrahydro-4H-carbazol-4
one],

C. 9-methyl-1 ,2,3, 9-tetrahydro-4H-carbazol-4-one,

D. 9-methyl-3-methylene-1 ,2, 3,9-tetrahydro-4H-carbazol-4
one,

~N

HN~

E. 1H-imidazole,

F. 2-methyl-lH-imidazole,

H3C
\

c9Q:~N . I H and enantiomer
'I "l " ~N

---""' I. ''--N I
o ~

G. (3RS)-3-[(lH-imidazol-l-yl)methyl]-9-methyl-l,2,3,9
tetrahydro-4H-carbazol-4-one (C-desmethylondansetron),

www.webofpharma.com
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PhEur _

Orciprenaline Sulfate

Test solution Dissolve 10 mg of the substance to be
examined in ethanol (96 per cent) R and dilute to 10 mL with
the same solvent.

Reference solution (a) Dissolve 10 mg of orciprenaline
sulfate CRS in ethanol (96 per cent) R and dilute to 10 mL
with the same solvent.

Reference solution (b) Dissolve 10 mg of orciprenaline
sulfate CRS and 10 mg of salbutamol CRS in ethanol
(96 per cent) ~ and dilute to 10 mL with the same solvent.

Plate TLC silica gel G plate R.

Mobz1e phase ammonia R, waterR, aldehyde-free methanolR
(1.5:10:90 VIVIV).

Application 2 J,LL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with a 10 gIL solution of potassium
permanganate R .

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).

D. Dissolve about 20 mg in 2 mL of ethanol (96 per cent) R.
Add 2 mL of a 1 gIL solution of dichloroquinonechlorimide R
in ethanol (96 per cent) R and 1 mL of sodiumcarbonate
solution R. A violet colour is 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~ Method II).

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 mobile phase and dilute to 20 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 mg of orciprenaline for system
suitability CRS (containing impurities A and B) in 2.0 mL of
the mobile phase.

Column:
- size: 1= 0.125 m, 0 =4.0 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (5 JlIl1);
- temperature: 45°C.

Mobilephase Dissolve 9.1 g of potassiumdihydrogen
phosphate Rand 4.6 g of sodium octanesulfonate 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 nm.

Injection 10 ~.

Run time Twice the retention time of orciprenaline.

5874-97-5520.6

[

H, OH H ]

.
HO~.. ~ , NyCH'... Y CH,

.' .OH andenantiomer 2

Action and use
Betaj-adrenoceptor agonist; bronchodilator.

Orciprenaline Sulphate

(Ph. Bur. monograph 1033)

DEFINITION
Bis[5-[(lRS)-1-hydroxy-2-[(l-methylethyl)amino]
ethyl]benzene-l,3-dif.>1] sulfate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

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

IDENTIFICATION
First identification: B, B.

Secondidentification: 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 add R 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 acid R.
Spectral range 240-350 nm.

Absorption maximum At 278 nm.

Specific absorbance at the absorption maximum 68.5 to 76.0
(anhydrous substance).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison orciprenaline sulfau; CRS.

If the spectra obtained show differences, dissolve separately,
with heating, 50 mg of the substance to be examined and
50 mg of the reference substance, in the minimum volume of
waterR. Add 10 mL of acetone 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).

H. (3RS)-3-[ (2-methyl-1H-imidazol-l-yl)methyl] -1,2,3,9
tetrahydro-4H-carbazol-4-one (N-desmethylondansetron).

_______--'- PhEur
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PhEur _

Orphenadrine Citrate

4682-36-4

C0 2H

CC02H

(OH

C0 2H

461.5

:}

' H CH3

" ~ and enantiomer r

-:f? I O~ 'CH3

~ CH3

(Ph. Bur. monograph 1759)

Action and use
Anticholinergic.

HO~H
~NyCH3 and enantlomer

OH CH3 .

H\ OH H

HO¢N CH3I Y and enantiomer
CH3

o

o

HO.~.~yCH3Y C~
OH-

B. 1-(3,5-dihydroxyphenyl)-2- [(1-methylethyl)
amino] ethanone,

C. 3-hydroxy-5-[(lRS)-1-hydroxy-2- [(l-methylethyl)
amino] ethyl]cyc1ohex-2-enone.

A. (4RS)-2-(1-methylethyl)-1,2,3,4-tetrahydroisoquinoline
4,6,8-triol,

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 (dried substance).

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 orphenadrine citrate CRS.

Identification of impurities Use the chromatogram supplied
with orciprenaline 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 to orciprenaline (retention
time = about 7 min): impurity A =about 0.9;
impurity B = about 1.3.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and orciprenaline.

Limits:
- correction 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 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).

Phenone
Maximum 0.1 per cent.

Dissolve 050g in a 0.04 per cent V/V solution of hydrochloric
acid R and dilute to 25.0 m.L with the 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
standardsolution (2 ppm Fe) R.

Water (2.5.12)
Maximum 2.0 per cent, determined on 1.000 g.

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

ASSAY
Dissolve 0.400 g inf mL of anhydrous formic acid R and add
30 mL of anhydrous acetic acid R. Titrate with 0.1 M
perchloric acid using 0.1 mL of crystal violetsolution R as
indicator.

1 rnL of 0.1 M perchloric acid is equivalent to 52.06 mg
of C2zH36NzOlOS,

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specifiedimpurities 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 arelimited by the general acceptance
criterion for other/unspecified impurities 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) C.

www.webofpharma.com
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C. (RS)-2-[ (2-methylphenyl)phenylmethoxy] ethanamine,

A. (RS)-(2-methylphenyl)phenylmethanol
(2-methylbenzhydrol) ,

and enantiomer~
'- H CH3, I

: I 'O~N'CH,

CH3

D. 2-(diphenylmethoxy)-N,N-dimethylethanamine
(diphenhydramine),

B. (2-methylphenyl)phenylmethanone
(2-methylbenzophenone),

a:'- H
~ I . :' OH and enantiomer

~ CH3

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. 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 46.15 mg of
CZ,J!31NOS.

STORAGE
Protected from light. If the substance is sterile, store in a
sterile, airtight, tamper-proof container, protected from light.

IMPURITIES
Specified impurities A, B, CJ,D, E, F.

E. (RS)-NJN-dimethyl-2- [(3-methylphenyl)
phenylmethoxy]ethanamine (meta-methylbenzyl isomer),

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 V/V solution of hydrochloric
acid R in ethanol (96 per cent) R and dilute to 10.0 mL with
the same acid solution.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution Dissolve 0.500 g of the substance to be
examined in water R 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 toluene R. To the combined
upper layers add anhydrous sodiumsulfateR, shake, filter and
evaporate the filtrate by suitable means, at a temperature not
exceeding 50 "C. Take up the residue with toluene Rand
dilute to 20.0 mL with the same solvent.

Reference solution (aj .. , Dissolve 30 mg of orphenadrine
citrate CRS and 30mg of orphenadrine impurity E CRS in
20 mL of water R. Add 1 mL of concentrated ammonia Rand
shake with3 quantities, each of 5 mL, of toluene R. To the
combinedupper lay~rs add anhydrous sodiumsulfate R, shake,
filter andevaporatethe 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 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 rom;
- stationaryphase: poly(dimethyl)(diphenyl)siloxane R (film

thickness 1.0 urn),

Carriergas helium for chromatography R.
Flow rate 1 mIJmin.

Split ratio 1:25.

Temperature:
- column: 240°C;
- injection port and detector. 290 °C.

Detection Flame ionisation.

Injection 2 /.lL.
Run time 1.3 times the retention time of orphenadrine.

Identification of impurities 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 (a)
to identify the peak due to impurity E.
Relative retention 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 0.98;
impurity F =about 1.1.

System suitabzlity Reference solution (a):
- resolution: minimum of 1.5 between the peaks due to

impurity E and orphenadrine.

Limits:
- impurities A J B J CJ DJ E, F: for each impurity, not more

than 0.3 per cent;
- unspecified impurities: for each impurity, not more than

0.10 per cent;
- total: maximum 1.0 per cent;
- disregard limit:. 0.05 per cent.
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(ph. Bur. monograph 1760)

exceeding 50°C. Take up the residue with toluene Rand
dilute to 20.0 mL with the same solvent.

Reference solution (a) Dissolve 20 mg of orphenadrine
hydrochloride CRS and 20 mg of orphenadrine impurity B CRS
in 20 mL of waterR. 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 exceeding 50°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.

Column:
- size: l = 60 m, 0 = 0.32 nun;
- stationary phase: po[v(dirnethyl) (diphenyl)siloxane R (film

thickness 1.0 urn).

Carrier gas helium for chromatography R.

Flow rate 1 mlJmin.
Split ratio 1:25..

Temperature:
- column: 240°C;
- injection port and detector: 290 "C.
Detection Flame ionisation.

Injection 2~.

Run time 1.3 times the retention time of orphenadrine.

Identification of impurities 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 (a)
to identify the peak due to impurity E.

Relative retention 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 0.98;
impurity F = about 1.1.

System suitabz7ity Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity E and orphenadrine.

Limits:
- impurities A~ B~ C~ D~ B, F: for each impurity, not more

than 0.3 per cent;
- .unspecified impurities: for each impurity, not more than

0.10 per cent;
- total: not more than 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 0.250 g in 50 mL of acetic anhydride R. Titrate with
0.1 NI perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 30.59 mg of
C 1sH 24ClNO.

STORAGE
Protected from light. If the substance is sterile, store in a
sterile, airtight, tamper-proof container, protected from light.

341-69-5

and enantiomer • Hel

305.9

Action and use
Anticholinergic.

Preparation
Orphenadrine Hydrochloride Tablets

Orphenadrine Hydrochloride

F. (RS)-~N-dimethyl-2-[(4-methylphenyl)
phenylmethoxy] ethanamine (para-methylbenzyl isomer).

____________________ PhEur

DEFINITION
(RS)-N~N-Dimethyl-2-[(2-methylphenyl)

phenylmethoxy] ethanamine hydrochloride.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in ethanol (96 per cent).

mp
About 160 -c.
IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison orphenadrine hydrochloride CRS.
B. It 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 per cent) 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 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 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
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IMPURITIES
Specified impurities A) B) C) D) E) F.

&'- H
~ I . .... OH and enantiomer,

~ CH3

A. (RS)-(2-methylphenyl)phenylmethanol
(2-methylberu1lydroD,

Oseltamivir Phosphate 11-485

Oseltamivir Phosphate
(ph. EUT. monograph 2422)

410.4 204255-11-8

B. (2-'methylphenyl)phenylmethanone
(2-"methylbenzophenone),

~
" f " .

....•. •... .- .. H andenantiomer

: I CH~~NH2

C. (RS)-2- [(2-methylphenyl)phenylmethoxy] ethanamine,

D. 2-(diphenylmethoxy)-N,N-dimethylethanamine
(diphenhydramine),

Q.H CH,
yO~~'CH' andenantlomer

CH3

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).

____________________ PhEur

Action and. use
Treatment of influenza.

Preparalion
Paediatric Oseltamivir Oral Solution

PhEw _

DEFINITION
Ethyl (3~4R,5S)-4-acetamido-5-amino-3-(1
ethylpropoxy)cyclohex-1-ene-1-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 Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison oseltamivirphosphate (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 waterR. It gives
reaction (b) of phosphates (2.3.1).

TESTS
Specific optical rotation (2.2.7)
-30.7 to -32.6 (anhydrous substance), measured at 25 DC.

Dissolve 0.50 g in water R and dilute to 50.0 mL with the
same solvent.

ImpurityB
Liquid chromatography (2.2.29) coupled with mass
spectrometry (2.2.43).

Test solution Dissolve 0.100 g of the substance to be
examined in' water for chromatography R and dilute to
10.0 mL with the same solvent.

Reference solution (a) Dissolve 2.5 mg of oseltamivir
impurityB CRS in 5.0 rnL of anhydrous ethanolR and dilute
to 50.0 mL with waterfor chromatography R. Dilute 2.0 mL
of the solution to 100.0 mL with waterfor chromatography R.

Reference solution (b) Dissolve 50.0 mg of oseltamivir
phosphate (impurity B-free) CRS in reference solution (a) and
dilute to 5.0 mL with the same solution.

Column:
- size: 1= 0.05 m, 0 = 3.0 mm;
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Detection Flame ionisation.

Injection 1 ilL.
Relative retention With reference to oseltamivirphosphate
(retention time = about 10 min): impurity H = about 0.5.
Systemsuitability Reference solution:
- repeatability: maximum relative standard deviation of

5 per cent for the peak due to impurity H after
6 injections.

Limit:
- impurity H: not more than 1.5 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, water for
chromatography R (135:245:620 VIVIV).

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) Dissolve 5 mg of oseltamivir
impurity A CRS and 5.0 mg of oseltamivir impurity C CRS in
the solvent mixture and dilute to 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 oseltamivir
phosphate (impurity B-free) CRS in the solvent mixture and
dilute to 50.0 mL with the solvent mixture.

Column:
- size: l = 0.25 m, 0 = 4.6 mID;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 )..LIIl);
- temperature: 50°C.

Mobz1e phase Mix 135 volumes of acetonitrile Rl,
245 volumes of methanol R2 and 620 volumes of a 6.8 gIL
solution of potassium dihydrogen phosphate R in water for
chromatography R, adjusted to pH 6.0 with aIM potassium
hydroxide solution prepared from potassium hydroxide R.
Flow rate 1.2 mLImin.

Detection Spectrophotometer at 207 run.

Injection 15 ul; of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of oseltamivir phosphate.

Relative retention With reference to oseltamivir phosphate
(retention time =about 17 min): impurity A =about 0.16;
impurity C = about 0.17.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities A and C.

- stationary phase: end-capped octadecylsilyl silica gelfor
chromatography R (5 um);

- temperature: 40 "C.

Mobile phase Mix 10 volumes of a 1.54 gIL solution of
ammonium acetate R in waterfor chromatography R,
30 volumes of acetonitrile Rl and 60 volumes of waterfor
chromatography R.

Flow rate 1.5 mlJrnin.

Post-column 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 are given as examples; if the detector has
different setting parameters, adjust the detector settings so
as to comply with the system suitability criterion:
- ionisation: ESI-positive;
- detection mlz: 356.2;
- dwell: 580 ms;
- gain EMV: 1;
- fragmentator voltage: 120 V;
- gas temperature: 350°C;
- drying gas flow: 13 Umin,
- nebuliser pressure: 345 kPa;
- capillary voltage (Vcap): 3 kV.

Injection 1 ul, of the test solution and reference solution (b).

Run time 3 min.

System suitability 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).

Silylation reagent Mix 1.0 mL of chlorotrimethylsilane R,
2.0 mL of hexamethyldisilazane Rand 10.0 mLof anhydrous
pyridine R.
Testsolution Introduce 15.0 mg 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 the precipitate.

Reference solution Introduce 15.0 mg of oseltamivir
impurity H CRS into a 2 mL vial and add 1.0 mL of
anhydrous pyridine R. Close the vial and shake (solution A).
(Note: impurity H is hygroscopic.) Introduce 15.0 mg of the
substance to be examined into another 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 the
precipitate (solution B). Introduce 10.0 ul, of solution A and
10.0 ul, of solution B into a volumetric flask and dilute to
10.0 mL with anhydrous pyridine R.
Column:
- material: fused silica;
- size: l= 30 m, 0 =0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 11m).

Carrier gas helium for chromatography R.
Flow rate 1.2 mlJmin.

Split ratio 1:50.

Temperature:

Column

Injection port

Detector

Time
(min)

0-2
2 - 11
11 - 21

Temperature
CC)
180

180 -> 250
250

260

260
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Limits:
- impurity 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 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 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).

Calculate the.percentage content of C16H31NzOsP from the
declared content of9Seltamz'v£r phosphate (impurityB-
free) CRS.' .. ,

STORAGE .'
Protected from ligh~:':

IMPURITIES
Specified impurities B, C, H.

Otherdetectable impurities (the follow£ng substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are·lz"m£ted by 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 for pharmaceutical use) A J DJ EJ F, G.

A. (3R,4R,5S)-5-acetamido-4-amino-3-( 1
ethylpropoxy) cyclohex-l-ene-l-carboxylic acid,

B. ethyl (lR,2R,3S,4R,5S)-4-acetamido-5-amino-2-azido
3(l-ethylpropoxy) cyclohexanecarboxylate,

Oseltamivir Phosphate 11-487

H3C~CH3

o
H;r;r\~ COzH

HN .

H3C-{ r{ '-.
o H NHz

C. (3R,4R,SS)-4-acetamido-5-amino-3-(I
ethylpropo~)cyclohex-I-ene-I-carboxylic acid,

o

oHO~.1~ O~CH3
Hc)lNJl)

3 H

D. ethyl 4-acetamido-3-hydroxybenzoate,

E. methyl (3R,4R,5S)-4-acetamido-S-amino-3-(1
ethylpropoxy)cyclohex-l-ene-l-earboxylate,

F. ethyl (3R,4R,SS)-4-acetamido-S-amino-3-(1
methylpropoxy)cyclohex-l-ene-l-earboxylate,

G. ethyl (3R,4R,5S)-5-acetamido-4-amino-3-(1-ethylpropoxy)
cyclohex-1-ene-l-carboxylate,

o jCH3

\\/
H3C~P~CH3

H. tributylphosphane oxide.
____~ PhEur
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(Ph. Bur. monograph 0048)

Ouabain Reference solution (aJ Dissolve a quantity of ouabain CRS
corresponding to 20 mg of the anhydrous substance in 
1.0 mL of the solvent mixture.

Reference solution (b) Dissolve a quantity of ouabain CRS
corresponding to 10 mg of the anhydrous substance in the
solvent mixture and dilute to 25 rnL with the solvent
mixture.

Reference solution (c) Dilute 2.5 mL of reference solution (b)
to 10 rnL with the solvent mixture.

Plate TLC silica gel G plate R.

lvIobile phase waterR, dimethylsulfoxide R, methanol R,
chloroform R (4:15:15:70 VlVlVl1l); homogenise the mixture
before use.

Application 5~.

Development Over a path of 13 ern.

Drying Immediately at 140 °C for 30 min in a ventilated
oven.

Detection Allow to cool, spray with alcoholic solution of
sulfuric acidR and heat at 140 °C for 15 min.

Systemsuitabz1ity:
- the principal spot in the chromatogram obtained with the

test solution and the principal spot in the chromatogram
obtained with reference solution (a) migrate over a
distance sufficient to give unequivocal separation of the
secondary spots;

- the chromatogram obtained with reference solution (c)
shows a clearly visible spot.

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).

Alkaloids and strophanthin-K
To 5.0 mL of solution S add 0.5 rnL of a 100 gIL solution
of tannicacidR. 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
Testsolution Dissolve 40.0 mg in ethanol (96 per cent) Rand
dilute to 50.0 mL with the same solvent. Dilute 5.0 mL of
the solution to 100.0 mL with ethanol (96 per cent) R.

Reference solution Dissolve 40.0 mg of ouabain CRS in
ethanol (96 per cent) R and dilute to 50.0 mL with the same
solvent. Dilute 5.0 mL of the solution to 100.0 mL with
ethanol (96 per cent) R.

To 5.0 mL of each solution add 3.0 mL of alkaline 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 R and 5.0 rnL of ethanol (96 per cent) R
prepared at the same time.

Calculate the percentage content of CZ9H44012 from the
absorbances measured and the concentrations of the
solutions.

_____________________ PhEur

STORAGE
Protected from light.

11018-89-6

o

729

OH
Hl1:0"J .''HH

OH OH

CZ9H4401Z,8HzO
PhEur _

DEFINITION
3~-[(6-Deoxy-a.-L-mannopyranosyl)oxy]-1~,5,11a.,14,19
pentahydroxy-Sji, 14~-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.

IDENTIFlCATION
A. Examine the chromatograms obtained in the test for
related substances. 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).

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 dinitrobenzene solution R
and add 0.2 rnL of dilute sodium hydroxide solution R.
An intense blue colour develops.

D. Dissolve 0.1 gin 5 mL of a 150 gIL solution of sulfuric
acidRand boil fora few minutes. The solution becomes
yellow and turbid. Filter and add to the filtrate 5 mL of a
120 gIL solution of sodium hydroxide R and 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 rnL with waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2) Method Il).

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 waterR, chloroform R, methanol R
(16:50:50 VIVl1l).

Test solution Dissolve a quantity of the substance to be
examined corresponding to 20 mg of the anhydrous
substance in 1.0 mL of the solvent mixture.
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Oxacillin Sodium Monohydrate Reference solution (c) Dissolve 5 mg of cloxacillin 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 solution (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, allow to stand
for 3 min, then dilute to 100 mL with the mobile phase.
Inject immediately.

Reference solution (e) Dissolve 5 mg of oxacillin for peak
identification CRS (containing impurities E, F, G, I and D in
5 mL of the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.0 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Mix 25 volumes of acetonitrile R and
75 volumes of a 2.7 g/L solution of potassium dihydrogen
phosphate R previously adjusted to pH 5.0 with dilutesodium
hydroxide solution R.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 225 run.

Injection 20 ul; of test solution (a) and reference
solutions (b), (c), (d) and (e).

Run time 7 times the retention time of oxacillin.

Identification of impurities:
- in the chromatogram obtained with reference solution (d),

the 2 principal peaks eluting before the main peak are due
to impurities Band D respectively;

- 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.

Relative 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 epimers) = about 0.9; impurity E = about 1.5;
impurity F = about 1.9; impurity G = about 2.1;
impurity I = about 3.8; impurity J =about 5.8.

System suitability:
- resolution: minimum 2.5 between the peaks due to

oxacillin and impurity E in the chromatogram obtained
with reference solution (c);

- the chromatogram obtained with reference solution (e) is
similar to the chromatogram supplied with oxacillin for
peak identification CRS.

Limits:
- impurity B: for the sum of the areas of the 2 isomer peaks,

not more than 1.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(1.5 per cent);

- impurity E: not more than the area of the principal peak in
the chromatogram obtained with reference solution (b)
(1.0 per cent);

- impurities D (sum of the 2 epimers), 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 per cent);

- any other impurity: 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);

7240-38-2441.4

Action and use
Penicillin antibacterial.

(ph. Eur. Monograph 2260)

pH (2.2.3)
4.5 to 7.5.

Dissolve 0.30 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent.

Specific optical rotation (2.2.7)
+ 196 to + 212 (anhydrous substance).

Dissolve 0.250 g in waterR and dilute to 25.0 mL with the
same solvent.

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 5.0 mL of test solution (a) to
50.0 mL with the mobile phase.

Reference solution (a) Dissolve 50.0 mg 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 phase.

Reference solution (b) Dilute 5.0 mL oftest solution (b) to
50.0 mL with the mobile phase.

DEFINITION
Sodium (2S,5R,6R);;:,3,3-dimethyl-6-[[(5-methyl-3
phenylisoxazol-d-yljcarbonyl] amino]-7-oxo-I-thia-l
azabicyclo[3.2.0]heptane-2-carboxylate monohydrate.

":·rJ

Semi-synthetic pro~?ct derived from a fermentation product.

Content
95.0 per cent to 10~.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, soluble in methanol, practically
insoluble in methylene chloride.

IDENflFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison oxacillin sodium monohydrate CRS.

B. It gives reaction (a) ofsodium (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and its absorbance (2.2.25) at
430 run is not greater than 0.10.

Dissolve 2.50 g in waterR and dilute to 25.0 mL with the
same solvent.
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- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(3.0 percent);

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

Ethyl acetate and butyl acetate
Head-space gas chromatography (2.2.28).

Testsolution Dissolve 0.200 g of the substance to be
examined in 6.0 mL of 'water R.

Reference solution Dissolve 83 mg of butyl acetate R and
83 mg of ethyl acetate 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
coated with polytetrafluoroethylene and secured with an
aluminium crimped cap. Mix to obtain a homogeneous solution.

Column:
- material: fused silica;
- size: l = 50 m, 0 = 0.32 mm;
- stationaryphase: poly(dimethyl)siloxane R (film thickness

5/lm).

Carnergas heliumfor chromatography R.

Flow rate 2 mlJmin.

Static head-space conditions that may be used:
- equilibration temperature: 80°C;
- equilibration time: 60 min;
- transfer-line temperature: 140°C;
- pressurisation time: 30 s.

Temperature:

2020

INWIJRITIES
Specified impurities B, D, E, F, G, I, J.
Other detectable. impurities (the following 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 impurities 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) A, C.

A. (2S,5R, 6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo [3.2.0]heptane-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),

Column

Injection port

Detector

Time
(min)

0-6

6 - 16

16 - 18

Temperature
CC)
70

70 -+ 220

220

140

250

~
~ j

N-

O~. C02H

CH3

Detection Flame ionisation.

Retention time Ethyl acetate = about 10 min; butyl
acetate = about 15.5 min.

Limits:
- butyl acetate: maximum 1.0 per cent;
- ethyl acetate: maximum 1.0 per cent.

N,N-Dimethylaniline (2.4.26, Method B)
Maximum 20 ppm.

2-Ethylhexanoic 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 endotoxins (2.6.14)
Less than 0.20 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 (b) and reference solution (a).

Calculate the percentage content of C19HlSN3NaOsS taking
into account the assigned content of oxacillin sodium
monohydrate CRS.

C. 5-methyl-3-phenylisoxazole-4-carboxylicacid,

~
j H, C02H

N- HNX--CH3 andepimeratC*

o f ~~S)<CH3
H

CH3 0

D. (2RS,4S)-S,S-dimethyl-2-[[[(5-methyl-3-phenylisoxazol-4
yl)carbonyl] amino] methyl]thiazolidine-4-carboxylic acid
(penilloic acids of oxacillin),

E. (2S,SR, 6R)-6- [[[3-(2-chlorophenyl)-5-methylisoxazol-4-yl]
carbonyl] amino]-3,3-dimethyl-7-oxo-4-thia-l-azabicyclo
[3,2.0]heptane-2-carboxylic acid (cloxacillin),
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DEFINITION
(SP-4-2)- [(1R,2R)-Cyclohexane-1,2-diamine-K2N,N']
[ethanedioato-K20,O'(2-)]platinum.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, 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,
Method II).
Dissolve 0.10 g in waterR and dilute to 50 mL with the
same solvent.

Acidity
Dissolve 0.10 g in carbon dioxide-free waterR, dilute to 50 mL
with the same solvent and add 0.5 mL of phenolphthalein
solution Rl. The solution is colourless. Not more than
0.60 mL of 0.01 M sodium hydroxide is required to change
the colour of the indicator to pink.

Specific optical rotation (2.2.7)
+ 74.5 to + 78.0 (dried substance).

Dissolve 0.250 g in waterR and dilute to 50.0 mL with the
same solvent.

Impurity D
Liquid chromatography (2.2.29).

Test solution Dissolve 30 mg of the substance to be
examined in methanolR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dissolve 5 mg of oxaliplatin
impurityD CRS in methanol R and dilute to 100.0 mL with
the same solvent.

Reference solution (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 methanolR and dilute to 100.0 mL with the
same solvent.

Reference solution (d) Dilute 5.0 mL of reference solution (c)
to 100.0 mL with methanol R.

Reference solution (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 (j) 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: l = 0.25 m, 0 = 4.6 rom;
- stationary phase: cellulose derivative of silica gelfor chiral

separation R;
- temperature: 40 DC.

lHobile phase anhydrous ethanol R, methanol R (30:70 VI1/).

Flow rate 0.3 mIJmin.

61825-94-3397.3

Action and use
Platinum-containing cytotoxic.

(Ph. Bur. monograph 2017)

Oxaliplatin

G. (2S,5R,6R)-6-[[[3-(chlorophenyl)-5-methylisoxazol-4-yl]
carbonyl] amino] -3,3-dimethyl-7-oxo-4-thia-1-azabicyclo
[3::Z.0]heptane-2-carboxylic acid (cloxacillin isomer),

, O)--~XCO~:3

~
' " 0 ~ ..ti- )<CH3

~ j 0 .> H H H S

N- N CH3"# ~.1+~CH'
H H

CH3 0

F. (2R,5R,6R)-3,3-dimethyl-6-[[(5-methyl-3-phenylisoxazol
4-yl)carbonyl] amino] -7-oxo-4-thia-1-azabicyclo[3.2.0]
heptane-2-carbothioic acid (thiooxacillin),

J. (2S,5R,6R)-6-[[(2R)-[(2R,4S)-4-carboxy-5,5
dimethylthiazolidin-2-yl] [[(5-methyl-3-phenylisoxazol-4-yl)
carbonyl] amino] acetyl] amino]-3,3-dimethyl-7-oxo-4-thia
1-azabicyclo [3.2.0] heptane-2-carboxylic acid (ozolamide
of 6-APA dimer).

1. (2S,5R,6R)-6-[[(2S,5R,6R)-3,3-dimethyl-6-[[(5-methyl-3
phenylisoxazol-4-yl)carbonyl] amino] -7-oxo-4-thia-1
azabicyclo [3.2.0]hcptane-2-carbonyl] amino]-3,3-dimethyl
7-oxo-4-thia-1-azabicyclo[3.2.0] heptane-2-carboxylic acid
(6-APA oxacillin amide),
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Detection Spectrophotometer at 254 nm.

Injection 20 ilL of the test solution and reference
solutions (e) and (t).

Run time Twice the retention time of oxaliplatin.

Retention time Oxaliplatin = about 14 min;
impurity D = about 16 min.

System suitability:
- resolution: minimum 1.5 between the peaks-due to

oxaliplatin and impurity D in the chromatogram obtained
with reference solution (t);

- signal-to-noise ratio: minimum 10 for the peak due to
impurity D in the chromatogram obtained with reference
solution (e).

Limit:
- impurity D: not more than 3 times the difference between

the heights of the peaks due to impurity D in the
chromatograms obtained with reference solution (e) and
the test solution (0.15 per cent).

Related substances
A. Impurity A. Liquid chromatography (2.2.29). Use vigorous
shakingand very briefsonication to dissolve the substance to be
examined. Inject the test solution within 20 min ofpreparation.

Testsolution Dissolve 0.100 g of the substance to be
examined in water R and dilute to 50~0 mL with the same
solvent.

Reference solution (a) Dissolve 14.0 mg of oxalicacid R
(impurity A) in water R 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 water R.

Reference solution (c) Dissolve 12.5 mg of sodium nitrateR in
waterR and dilute to 250.0 mL with the same solvent. Dilute
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: 1= 0.25 m, (2) = 4.6 rom;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 40°C.

Mobile phase Mix 20 volumes of acetonitrile Rl and
80 volumes of a solution prepared as follows: to 10 mL of a
320 gIL solution of tetrabutylammonium hydroxide R add
1.36 g of potassium dihydrogen phosphate R, dilute to 1000 mL
with waterfor chromatography R and adjust to pH 6.0 with
phosphoric acid R.

Flow rate 2 mIJmin.

Detection Spectrophotometer at 205 nm.

Injection 20 ul, 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.

System suitability:
- resolution: minimum 9 between the peaks due to

nitrate and impurity A in the chromatogram obtained
with reference solution (c);

- signal-to-noise ratio: minimum 10 for the peak due to
impurity A in the chromatogram obtained with
reference solution (b).

2020

Limit:
- impurityA: not more than 3 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent).

B. Impurity B. Liquid chromatography (2.2.29). Use vigorous
shaking and very briefsonication to dissolve the substance to be
examined. Inject the testsolution within 20 min of preparation.
Use suitable polypropylene containers for thepreparation and
injection of all solutions. Glass pipettes may beusedfor diluting
solutions.

Test solution Dissolve 0.100 g of the substance to be
examined in waterR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Add 5.0 mg of oxaliplatin
impurity B CRS to 25 mL of methanol R 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.

Re!erence 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: 1= 0.25 m, (2) =4.6 rom;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 40 "C.

Mobile phase Mix 20 volumes of acetonitrile Rl and
80 volumes of a solution prepared as follows: dissolve 1.36 g
of potassium dihydrogen phosphate Rand 1 g of sodium
heptanesulfonate R in 1000 mL of waterfor chromatography R
and adjust to pH 3.0 ± 0.05 with phosphoric acid R.

Flow rate 2.0 mIJmin.

Detection Spectrophotometer at 215 nm.

Injection 20~.

Run time 2.5 times the retention time of impurity B.

Retention time Impurity B =about 4.3 min;
impurity E = about 6.4 min.

System suitability:
- resolution: minimum 7 between the peaks due to

impurities Band E in the chromatogram obtained
with reference solution (b);

- signal-co-noise ratio: minimum 10 for the peak due to
impurity B in the chromatogram obtained with
reference solution (a).

Limit:
- impurityB: not more than 4 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cent).

C. Impurity e and other related substances. Liquid
chromatography (2.2.29). Use vigorous shaking and very brief
sonication to dissolve the substance to be examined. Inject the test
solution within 20 min of preparation.

Test solution (a) Dissolve 0.100 g of the substance to be
examined in waterR and dilute to 50.0 mL with 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 impurity C CRS in waterR and dilute to
50.0 mL with the same solvent.
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Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with water R.

Reference solution (c) Dissolve 25.0 mg of oxaliplatin CRS in
waterR and dilute to 250.0 mL with the same solvent.

Reference solution (d) Dissolve 5.0 mg of
dichlorodiaminocyclohexaneplatinum CRS in reference
solution (c) and dilute to 50.0 mL with reference
solution (c).

Reference solution (e) Dilute 5 mL of reference solution (d)
to 50.0 mL with water R.
Reference solution (f) To 0.100 g of the substance to be
examined add 1.5 mL of reference solution (a) and dilute to
50.0 mL with water R.

Column:
- size: l =0.25 m, fZJ =4.6 mm;
- stationary phase: end-capped octadecylsily! silica gelfor

chromatography R (5 lJ.II1);
- temperature: 40 "C,

Mobzle phase Mix 1 volume of acetonitrile Rl and
99 volumes ofa.solution prepared as follows: dilute 0.6 mL
of dilute phosphoric iicta R in 1000 mL of waterfor
chromatographyR and adjust to pH 3.0 with either sodium
hydroxide solution R. ()fphosphoric acid R.

Flow rate 1.2 mllmjn.
Detection Spectrophotometer at 210 nm.
Injection 10~ of test solution (a) and reference
solutions (b), (e) and (t).

Run time 3 times the retention time of oxaliplatin.

Retention time Impurity C = about 4.4 min;
dichlorodiaminocyclohexaneplatinum =about 6.9 min;
oxaliplatin = about 8.0 min.

System suitabzlity:
- resolution: minimum 2.0 between the peaks due to

dichIorodiaminocyclohexaneplatinum and oxaliplatin
in the chromatogram obtained with reference
solution (e);

- signal-to-noise ratio: minimum 50 for the peak due to
impurity C and minimum 10 for the peak due to
oxaliplatin in the chromatogram obtainedwith
reference solution (b).

Limits:
- impurity C: not more than 0.5 times the area of the

peak due to impurity C in the chromatogram obtained
with reference solution (f) (0.15 per cent);

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

- sum of unspecified impurities: not more than 3 times the
area of the peak due to oxaliplatin in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- disregard limit: the area of the peak due 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 (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C for 2 h.

Oxaliplatin 11-493

Bacterial endotoxins (2.6.14)
Less than 1.0 IV/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
impurity C and other related substances with the following
modifications.

Injection 20 J1L of test solution (b) and reference
solutions (c) and (d).

System suitability:
- resolution: minimum 2.0 between the peaks due to

dichlorodiaminocyclohexaneplatinum and oxaliplatin in
the chromatogram obtained with reference solution (d);

- repeatability: reference solution (c).

Calculate the percentage content of oxaliplatin using the
chromatogram obtained with reference solution (c).

IMPURITIES
Specified impurities A, B, C, D.

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 limitedby 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) E.

A. oxalic acid,

B. (SP-4-2)-diaqua[(IR,2R)-cydohexane-l,2-diamine-K2N,

N']platinum (diaquodiaminocydohexaneplatinum;
supplied as dinitrate),

C. (OC-6-33)-[(IR,2R)-cyclohexane-l,2-diamine-K2N,N ']
[ethanedioato-K20,O'(2-)]dihydroxidoplatinum,

D. (SP-4-2)-[(IS,2S)-cyclohexane-l,2-diamine-K2N,1Y']
[ethanedioato-x''O,0' (2-)]platinum (S,S-enantiomer of
oxaliplatin),
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E. (SP-4-2)-di-j..l-oxidobis[(lR,2R)-cyclohexane-1,2-diamine
1K

2N,2K2N'] diplatinum
(diaquodiaminocyclohexaneplatinum dimer).

2020

- stationary phase: end-capped oetadecylsilyl silica gelfor
chromatography R (5 J..lID) resistant to bases up to pH n.

Mobile phase:
- mobile phase A: dissolve 3.48 g of dipotassium hydrogen

phosphate Rin 900 mL of waterR, adjust to pH 10.5 with
a 40 gIL solution of sodium hydroxide R and dilute to
1000 mL with waterR;

- mobile phase B: acetonitrile R;
_____________________ PhEur

Time
(min)

Mobile phase A
(per cent VIV)

Mobile phase B
(per cent VIV)

Oxazepam
(Ph. Eur. monograph 0778)

0-4

4 - 34

34 - 45

45 - 50

50 - 60

75

75 ...... 25

25

25 ...... 75

75

25

25 ...... 75

75

75 ...... 25

25

PhEur _

DEFINmON
(3RS)-7-Chloro-3-hydroxy-5-phenyl-1,3-dihydro-2H-1 ,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, 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 solutions
immediately before use.
Test solution Dissolve 40.0 mg of the substance to be
examined in 25 mL of a mixture of equal volumes of
acetonitrile R and waterR 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 equal volumes of acetonitrile R
and waterR. Dilute 2.0 mL of this solution to 10.0 mL with
a mixture of equal volumes of acetonitrile R and waterR.
Reference solution (b) Dissolve the contents of a vial of
oxazepam for peak identification CRS (containing
impurities A, B, C, D and E) in 1.0 mL of the test solution.

Column:
- size: 1= 0.25 m, 0 =4.6 mID;

CI~~~H andenanuorner

ClsHIIClNZOZ

Action and use
Benzodiazepine.

Preparation
Oxazepam Tablets

286.7 604-75-1

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 235 nm.

Injection 10 j..tL.

Identification of impurities Use the chromatogram obtained
with reference solution (b) and the chromatogram supplied
with oxazepam forpeak identification CRS to identify the peaks
due to impurities A, B, C, 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 = 1.1;

- 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) (0.2 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: 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 DC 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
acidR and 90 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 LVI perchloric acidis equivalent to 28.67 mg
of CIsHllClNZOZ'

STORAGE
Protected from light.
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IMPURITIES
Specified impurities A, B, C, D, B.

~
~-<o

I Fa
CI .~ NH and enantiomer

. ~ ~ H

::::=-

Oxcarbazepine 11-495

Oxcarbazepine
(Ph. Bur. monograph 2577)

A. (5RS)-7 -chloro-5-phenyl-4,5-dihydro-1H-1,4
benzodiazepine-2,3-dione, 252.3 28721-07-5

~
I ~~~yCH,

CI ~ --oN a

" r .:: and enantiomer

B. (3RS)-7 -chloro":'2-oxo-5-phenyl-2,3-dihydro-1H-1,4
benzodiazepin-3"",yl acetate,

~.
~. INyCHO

CI ~ h
N

I~
.#

C.6-chloro-4-phenylquinazoline-2-carbaldehyde,

~
NH2

~ I a
CI

I~
.#

D. (2-amino-5-chlorophenyl)phenylmethanone,

E. 7-chloro-5-phenyl-1 ,3-dihydro-2H-1 ,4-benzodiazepin-2
one 4-oxide.

____________________ PhEur

Action and use
Antiepileptic.

PhEur _

DEFINITION
10-Oxo-1 0,11-dihydro-5H-dibenzo[bJ]azepine-5
carboxamide.

Content
975 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 oxcarbazepine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light.
Solvent mixture acetonitrile R, solution A (50:50 VIV).
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 acid R.
Solution B 1.8 gIL solution of sodium edetate R in a mixture
of equal volumes of the phosphate buffer solution and
waterR.
Testsolution (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.

Testsolution (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 impuritymixtureCRS (impurities A, B, I and K)
in 0.5 mL of acetonitrile R and dilute to 1.0 mL with
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 the solvent mixture.

Reference solution (c) Dissolve 50.0 mg of oxcarbazepine CRS
in 25 mL of acetonitrile R:J sonicate for 10 min, cool to room
temperature and dilute to 50.0 mL with solution A. Dilute
5.0 mL of this solution to 50.0 mL with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
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- stationary phase: phenylhexylsilyl silica gelfor
chromatography R (5 urn);

- temperature: 40 "C.

AlIobile phase:
- mobile phase A: acetonitrile R, solution B, tetrahydrofuran R,

waterR (5:10:10:75 v/v/,vn·');
- mobile phase B: solution B, tetrahydrofuran R, waterR,

acetonitrile R (10:10:20:60 V/V/V/V);

Time
(min)

Mobile phase A
(per cent VIV)

Mobile phase B
(per cent VIP)

IMPURITIES
Specified impurities B, I, K, L.

Otherdetectable impurities (thefollowing substances would, zf
present at a sufficient level, bedetected by one orother of the tests
in the monograph. Theyare limited 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 also 5.10. Control of impurities
in substances for pharmaceutical use) A, C, D, E, F, G,
H,M.

Flow rate 1,0 mlJmin.

Detection Spectrophotometer at 240 nm.:

Injection 10!J.L of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with oxcarbazepine impurity mixture CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, I and K.

Relative retention With reference to oxcarbazepine (retention
time = about 6 min): impurity I = about 0.8;
impurity A = about 1.3; impurities K and L = about 1.4;
impurity B = about 1,6.

Systemsuitability Reference solution (a):
- peak-to-valley ratio: minimum 4.0, where Hp = height

above the baseline of the peak due to impurities K and L
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 oxcarbazepine

in reference solution (b).

Limits:
- impurities B, I: for each impurity, maximum 0.1 per cent;
- sum of impurities K and L: maximum 0.1 per cent;
- unspecified impurities: for each impurity, maximum

0,05 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 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.

ASSAY
Liquid chromatography (2.2,29) as described in the test for
related substances with the following modifications.

Mobile phase:

o

A. 5H-dibenzo [b.J] azepine-5-carboxamide (carbamazepine),

B. 1O-methoxy-5H-dibenzo[b.J]azepine-5-carboxamide (10
methoxycarbamazepine),

C.5,11-dihydro-10H-dibenzo[b.J]azepin-10-one,

D.5H-dibenzo[b.J]azepine-1O,11-dione,

40

40 -.. 95

95

60

60 -;. 5

0- 10

10 - 20

20 - 27

Time Mobile phase A Mobile phase B
(min) (per cent VIP) (per cent VIV) E. 5H-dibenzo [b.J] azepine,

0-7 60 40

7-8 60 -;. 5 40 -;. 95

8 - 13 5 95

Injection Test solution (b) and reference solution (c).

Calculate the percentage content of ClsH12NzOz taking into
account the assigned content of oxcarbazepine CRS.

F. 1O-methoxy-5H-dibenzo [b.J] azepine-5-carbonyl chloride,
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G. 5-ethyl-1 0-methoxy-5H-dibenzo [b.J] azepine,

Oxeladin Hydrogen Citrate
(Ph. Eur. monograph 1761)

.Action and use
Cough suppressant.

527.6 52432-72-1

PhEur -,-~-------------'--

H. 10-methoxy-5H-dibenzo [b.J] azepine, DEFINITION
2-[2-(Diethylamino)ethoxy] ethyl 2-ethyl-2-phenylbutanoate
dihydrogen 2-hydroxypropane-1,2,3-tricarboxylate.

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, slightly soluble or very slightly
soluble in ethyl acetate.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison oxeladin hydrogen citrate CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanolR, 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
th~n reference solution Y6 (2.2.2, Method II).

Dissolve 2.0 g in waterR 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 Dissolve 0.500 g of the substance to be
examined in waterR and dilute to 50 mL with.the same
solvent. Add 1 mL of a 10.3 gIL solution of hydrochloric
acid R and shake with 3 quantities, each of 10 ml., of
methylene chloride R. Combine the lower layers. Add 5 mL of
concentrated ammonia R to the aqueous layer and shake with
3 quantities, each of 10 mL, of methylene chloride R. Combine
the lower layers with the lower layers obtained previously,
add anhydrous sodium sulfate R, shake, filter and evaporate the
filtrate by suitable means at a temperarure not exceeding
30°C. Take up the residue with methylene chloride Rand
dilute to 20.0 mL with the same solvent.

Reference solution (a) Dissolve 5 mg of oxeladin
impurity D CRS in 10 mL of waterR, 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.

o

L. N-acetyl-1 0-oxo-1 0, 11-dihydro-5H-dibenzo [b.J] azepine-5
carboxamide,

K. N-formyl-10-oxo-1 0, 11-dihydro-5H-dibenzo [b.J] azepine-S
carboxamide,

I. 10,11-dioxo-1 0, I1-dihydro-5H-dibenzo [b.J] azepine-5
carboxamide,

M.10-[[(10-oxo-1O,11-dihydro-5H-dibenzo[b.J]azepin-5-yl)
carbonyl] amino] -5H-dibenzo [b,j]azepine-5-carboxamide.

____________________ PhEur
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Reference solution (b) Dilute 1.0 mL of the test 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 oxeladin
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:
- material: fused silica;
- size: l =25 m, 0 =0.32 rom;
- stationary phase: poly(dimethyl) (diphenyl)siloxane R (film

thickness 0.4 urn),

Carnergas heliumfor chromatography R.
Flow rate 1.0 mIJmin; adjust the flow rate if necessary to
obtain a retention time of about 13 min for oxe1adin.

Split ratio 1:15.

Temperature:

criterion for other/unspecified impurities and/orby 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, B.

A.2-[2-(diethylamino)ethoxy]ethanol,

B. 2-ethyl-2-phenylbutanoic acid,

Column

Injection port

Detector

Time
(min)

0-4

4 - 12

12 - 21

21 - 30

Temperature
CC)
160

160 --> 240

240

240 --> 160

280

280

~
(

CH3
I 0

# o~N'-./CH3

CH3

CH3

C. 2-(diethylamino)ethyl 2-ethyl-2-phenylbutanoate,

D. 2-[2-(diethylamino)ethoxy]ethyl (2RS)-2-phenylbutanoate.
_____________________ PhEur

DEFINITION
Oxetacaine is 2,2'-(2-hydroxyethylimino)bis[N-(r;.,r;.
dimethylphenethyl)-N-methylacetamide]. It contains not less
than 99.0% and not more than 100.5% of C2sH41N303,
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.

IDENfIFICATION
The infrared absorption spectrum, Appendix II A, is concordant
with the reference spectrum of oxetacaine (RS 254).

Detection Flame ionisation.

Injection 1 ilL.

Relative retention With reference to oxe1adin (retention
time = about 13 min): impurity A = about 0.2;
impurity B = about 0.4; 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;
- impurityD: maximum 0.3 per cent;
- any other impurity: for each impurity, maximum

0.1 per cent;
- total: maximum 1.0 per cent;
- disregard limit: 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 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 perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 52.76 mg
of CZ6H41NOIO'

ll\'lPURITIES
Specified impurities C, D.

Otherdetectable impurities (the following substances would, if
present at a sufficient level) be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
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2020 Oxitropium Bromide 11-499

Oxitropium Bromide

Action and use
Anticholinergic;. treatment of reversible airways obstruction.

PhEur _

DEFINITION
(lR,2R,4S,5S,7s,9s)-9-Ethyl-7-[[(2S)-3-hydroxy-2
phenylpropanoyl]oxy]-9-methyl-3-oxa-9-azoniatricyclo
[3.3.1.02''1nonane bromide (ethylhyoscine).

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

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

It shows polymorphism (5.9).

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison oxitropium bromide CRS.

If the spectra obtained in the solid state show differences at
about 1700 cm" and about 3300 cm'", dissolve the
substance to be examined and the reference substance
separately in methanolR, evaporate to dryness and record
new spectra using the 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 waterR and dilute to 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.

Reference solution (a) Dissolve 7.5 mgof oxitropium bromide
impurity B CRS 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 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.

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 mL of the test solution 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 mobile phase.

Column:
- size: l = 0.125 m, 0 = 4.0 mrn;
- stationary phase: base-deactivated octylsilyl silica gelfor

chromatography R (5 urn) with a specific surface area of
350 m2/g and a pore size of 6 nm.

Mobilephase acetonitrile for chromatography R, 7.8 gIL
solution of sodium dihydrogen phosphate R (10:100 VIV).

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 210 nm.

30286-75-0412.3

(Ph. Bur. monograph 2170)

TESTS
Melting point
lOO°C to 104°C, Appendix V A.

Related substances
Carry out the method for thin-layerchromatography,
Appendix III A, using the following solutions in ethyl acetate.

(1) 10.0% w/v of the substance being examined.

(2) Dilute L volume of solution (1) to 200 volumes.

(3) Dilute 1 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 J.LL 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
ammoni,!&W thiocyanate and 2% w/v of cobalttu) 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.

UMITS

In the chromatogram obtained with solution (1):

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 60°C at a pressure not exceeding 0.7 kPa for
4 hours, loses not more than 0.5% of its weight. Use 1 g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 1 gin 50 mL of anhydrous acetic acidand carry out
Method I for non-aqueous titration, Appendix VITI A,
determining the end-point potentiometrically. Each mL of
O.lM perchloric add VS is equivalent to 46.76 mg of

C2sH41N303'
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11-500 Oxitropium Bromide

Injection 50 ul, of the test solution and reference
solutions (b), (c), (d) and (e).

Relative retention With reference to oxitropium (retention
time =about 6 min): impurity A =about 0.8;
impurity B = about 0.9; impurity C = about 1.3.

System suitability Reference solution (c):
- resolution: minimum 1.6 between the peaks due to

impurity B and oxitropium.

Limits:
- impurityA: not more than the area of the principal peak

in the chromatogram obtained with reference solution (e)
(0.1 per cent);

- impurityB: not more than the area. of the corresponding
peak in the chromatogram. obtained with reference
solution (b) (0.1 per cent);

- impurity C: not more than the area of the principal peak
in the chromatogram obtained with reference solution (d)
(1.5 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);

- sum of unspecified impurities: not more than twice the area
of the principal peak in 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 with reference solution (e)
(0.05 per cent).

ImpurityD
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.

Reference solution (a) Dissolve 6.0 mg of oxitropium bromide
impurityD CRS 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 200.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 50.0 mL with the mobile phase.

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 octylsilM silica gelfor

chromatography R (5 um).

Mobile phase acetonitrile fin chromatography R, 7.8 gIL
solution of sodium dihydrogen phosphate R (18.5: 100 V/V).
Flow rate 2.0 mIJmin.
Detection Spectrophotometer at 210 nm.
Injection 50 ilL of the test solution and reference
solutions (b) and (c).

System suitability Reference solution (c):
- resolution: minimum 3.0 between the peaks due to

impurity D and oxitropium..

Limit:
- impurityD: not more than the area of the corresponding .

peak 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.

2020

ASSAY
Dissolve 0.350 gin 100 mL of water R and add 5.0 ml.. of
dilute nitric acidR. Titrate with 0.1 M silver nitrate. 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 SlIver nitrate is equivalent to 41.23 mg of
C19H26BrN04'

IMPURITIES
Specified impurities A, B, C, D.

00
· H

bD
· ,H

I 0 H .-. . '

"" I o>(..l~, 0
\ H . CH3~
OH H

A. (lR,2R,4S,5S,7s)-9-ethyl-3-oxa-9-azatricyclo
[3.3.1.02,4]non-7-yl (2S)-3-hydroxy-2-phenylpropanoate
(N-ethylnorhyoscine),

B. (lR,2R,4S,5S,7s)-7-[[(2S)-3-hydroxy-2-
phenylpropanoyl] oxy]-9, 9-dimethyl-3-oxa-9-azoniatricydo
[3.3.1.02,4]nonane (methylhyoscine),

C. (lR,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),

00 H~Ho ..- .
I. . HJ· +.>CH3 .

# 0"\'___ N~ • 0

CH2 ~CH3 ~

D. (lR,2R,4S,5S,7s,9s)-9-ethyl-9-methyl-7-[(2
phenylacryloyl) oxy]-3-oxa-9-azoniatricyclo[3.3.1.02,4]

nonane (apo-N-ethylhyoscine).
---- -,-- PhEur
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2020 Oxolinic Acid II-SO 1

PhEtr _

Oxolinic Acid 15 min in the closed tank; 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 obtained with
reference solution (a).

TESTS
Solution S

_ Dissolve 0.6 gin 20 mL of a 40 gIL solution of sodium
hydroxide R.

Appearance of solution
Solution S 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 the substance to be
examined in 3 mL of dilute sodium hydroxide solution Rand
dilute to 10 mL with ethanol (96 per cent) R.

Reference solution (a) Dilute 1 mL of the test solution to
50.0 mL with ethanol (96 per cent) R. Dilute 1.0 mL of this
solution to 5.0 mL with ethanol (96 per cent) R.

Reference solution (b) Dissolve 2 mg of oxolinic acid
impurity B CRS in ethanol (96 per cent) R and dilute to
10 mL with the same solvent. Dilute 1.0 mL of this solution
to 10 mL with ethanol (96 per cent) R.

Reference solution (c) Dissolve 5 mg of the substance to be
examined and 5 mg of oxolinic acid impurity A CRS in 2 mL
of dilute sodium hydroxide solution R and dilute to 40 mL with
ethanol (96 per cent) R.

Plate cellulose for chromatography R as the coating substance.

Mobilephase ammonia R, waterR, propanolR
(15:30:55 VIVIV).-

Application 5 ilL, in sufficiently small portions to obtain
small spots.

Development 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:
- impurity B: any spot due to impurity B is not more intense

than the corresponding spot in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- impurities A, C: any spot due to impurities A or C is not
more intense than the principal spot in the chromatogram
obtained with 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.

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

ASSAY
Dissolve 0.200 gin 150 mL of dimethylformamide R. Titrate
with 0.1 M tetrabutylammonium hydroxide, determining the

14698-29-4261.2

(Ph. Eur. monograph 1353)

Action and use
Antibacterial.

DEFINITION
5-Eth)1i-8-oxo~5,8-dihydro-l,3-dioxolo[4,5-g]quinoline-7
carboxylicracid.

Content
98.0 per c~ntto 102.0 per cent (dried substance).

CHARAOTERS
Appearance
Almost white 'Or pale yellow, crystalline powder.

Solubility
Practically insoluble in water, very slightly soluble in
methylene chloride, practically insoluble in ethanol
(96 per cent). It dissolves in dilute solutions of alkali
hydroxides.

IDENTIFICATION
Firstidentification: B.
Second identification: A" C.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).
Test solution Dissolve 25.0 mg in 5 mL of 0.1 M sodium
hydroxide, heating on 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.

Absorbanceratio A2601A336 = 4.9 to 5.2.

B.Infrared absorption spectrophotometry (2.2.24).

Comparison oxolinic acid CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in 3 rnL of dilute sodium hydroxide solution Rand
dilute to 20 mL with ethanol (96 per cent) R.

Reference solution (a) Dissolve 10 mg of oxolinic acid CRS in
3 mL of dilute sodium hydroxidesolution R and dilute to
20 mL with ethanol (96 per cent) R.
Reference solution (b) Dissolve 5 mg 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.
Mobile phase acetonitrile R, concentrated ammonia R,
methanol R, methylene chloride R (10:20:40:40 VIVIV/V).

Application 10 J.LL.
Development At the bottom of.a .chromatographic tank,
place an evaporating disk contammg 50 mL of concentrated
ammonia R and expose the plate to the ammonia vapour for
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PhEur _

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
First identification: By D.

Secondidentification: A, C, D.

A. Melting point (2.2.14): 158°C to 162 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison oxybuprocaine hydrochloride CRS.

If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in methanolR, evaporate to dryness and record
new spectra using the residues.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 40 mg of the substance to be
examined in methanolR and dilute to 10 mL with the same
solvent.

Reference solution (aJ Dissolve 40 mg of oxybuprocaine
hydrochloride CRS in methanolR and dilute to 10 mL with the
same solvent.

Reference solution (bJ Dissolve 20 mg of procaine
hydrochloride R in reference solution (a) and dilute to 5 mL
with reference solution (a).

Plate TLC silica gelF254 plate R.

Mobile phase anhydrous formic acidR, methanol R, water R,
ethyl acetate R (10:15:15:60 V/V/V/V).

Application 5 J.L1...
Development Over a path of 10 em.

Drying In a current ofwarm. air for 10 min.

Detection Spray with dimethylaminobenzaldehyde solution R7
and 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, colour and 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
waterR. The solution gives reaction (a) of chlorides (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 Ys (2.2.2, Method II).

pH (2.2.3)
4.5 to 6.0 for solution S.

Related substances
Liquid chromatography (2.2.29).

Buffer solution pH 2.5 Add 6 mL of perchloric acidsolution R
and 12 mL of dilute phosphoric acid R to 950 mL of water R.
Adjust to pH 2.5 with a 40 gIL solution of sodium
hydroxide R and dilute to 1000.0 mL with waterR.

Test solution Dissolve 10.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

5987-82-6344.9

B. ethyl 5-ethyl-8-oxo-5,8-dihydro-l,3-dioxolo [4,5-g]
quinoline-7-carboxylate,

(CH3

0x:QyN< ~ I. I .0 CHa -.;:,.. <»: 3

° a

A. 8-hydroxy-1,3-dioxolo [4,5-g] quinoline-?-carboxylic acid,

end-point potentiometrically (2.2.20). Use a glass indicator
electrode and a suitable reference electrode.

1 mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 26.12 mg of C13HuNOs.:

STORAGE
Protected from light.

IMPURITIES

DEFINITION
2-(Diethylammo)ethyl 4-amino-3-butoxybenzoate
hydrochloride.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

C. 5-methyl-8-oxo-5,8-dihydro-l,3-dioxolo[4,5-g]quinoline-Z
carboxylic acid.

(Ph. Bur. monograph 1251)

Action and use
Local anaesthetic.

Preparation
Oxybuprocaine Eye Drops

Oxybuprocaine Hydrochloride

______.,.--_~ PhEur
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1508-65-2394.0

~
: 0 (OH,

, o~ HCIOH ~N'v/CH3 .

and enantiomer

PhEur _

Action and use
Anticholinergic.

Preparations
Oxybutynin Oral Solution

Oxybutynin Tablets

Oxybutynin Prolonged-release Tablets

Oxybutynin Hydrochloride

C. 4-amino-3-hydroxybenzoic acid.

(ph. Bur. monograph 1354)

Oxybutynin Hydrochloride 11-503

DEFINmON
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, crystalline powder.

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

IDENTIFICATION
First identification: B, D.

Second identification: A, C, D.

A. Melting point (2.2.14): 124°C to 129 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Comparison oxybutynin hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg of the substance to be
examined in ethanol (96 per cent) R and dilute to 10 mL with
the same solvent.

Reference solution Dissolve 10 mg of oxybutynin
hydrochloride CRS in ethanol (96 per cent) R and dilute to
2 mL with the same solvent.

Plate TLC silica gelplate R.

lHobile phase methanol R.

Application 5~.

Development Over 2/3 of the plate.

Drying In air.

Detection Expose to iodine vapour for 30 min.

A. 4-aminobenzoic acid,

2020

Reference solution (a) Dilute 1.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Mix 1.0 mL of the test solution with
1 mL of a 40 gIL solution of sodium hydroxide R and allow to
stand for 20 min. Add 1 mL of dilute phosphoric acidR and
dilute to 100.0 mL with the mobile phase. Dilute 25 mL of
this solution to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 = 3.9 mm;
- stationary phase: octadecylsilyl silica gelfor

chromatography R1 (5 urn) with a pore size of 10 nm and
a carbon loading of 19 per cent;

- temperature: 35°C.

Mobilephase acetonitrile R, buffer solution pH 2.5
(25:75 VIV).

Flow rate 1 mLlmin.

Detection Spectrophotometer at 309 nm.
Injection 20 ~L.

Run time 4 times the retention time of oxybuprocaine.

Retention time Oxybuprocaine = about 9 min.

System suitability Reference solution (b):
- resolution: miniIntim 12 between the peaks due to

oxybuprocaine ~hd impurity B (hydrolysis product).

Limits:
- any impurity: for each impurity, not more than 0.4 times

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- total: not more than the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.25 per cent);

- disregard limit: 0.05 times the area of the principal peak in
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 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 20 mL of anhydrous acetic
acid Rand 20 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 perchloric acid is equivalent to 34.49 mg
of C17Hz9CINz03'

STORAGE
Protected from light.

IMPURITIES

,
l
r
r

B. 4-amino-3-butoxybenzoic acid,
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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 with the
reference solution.

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.00 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 BYs (2.2.2, Method Il).

Optical rotation (2.2.7)
-0.100 to + 0.100

, 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 10.0 mL with
the mobile phase.

Reference solution (a) Dissolve 5.0 mg of oxybutynin
hydrochloride CRS and 5.0 mg of oxybutynin impurity A CRS
in the mobile phase and dilute to 10.0 rnL with the mobile
phase. Dilute 5.0 mL of this solution to 50.0 rnL with the
mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase.

Column:
- size: 1=0.15 m, 0 =3.9 mrn;
- stationary phase: oetylsilyl silica gel for chromatography R2

(5 urn).

Mobile phase Mix 49 volumes of a solution containing
3.4 gIL of potassium dihydrogen phosphate R and 4.36 gIL of
dipotassium hydrogen phosphate Rand 51 volumes of
acetonitrile Rl.

Flow rate 1 rnIJrnin.
Detection Spectrophotometer at 210 nm.
Injection 10 jlL.

Run time Twice the retention time of oxybutynin.

Retention time Oxybutynin =about 15 min;
impurity A = about 24 min.

System suuability Reference solution (a):
~ resolution: minimum 11.0 between the peaks due to

oxybutynin and impurity A.

Limits:
- impun'ty A: not more than 1.5 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (a) (1.5 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);

- sum of impurities otherthan 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 with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 3,0 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 1.0 g.

2020

ASSAY
Dissolve 0.300 g in a mixture of 5.0 mL of 0.01 .LVI
hydrochloric acidand 50 mL of ethanol (96 per cent) 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 M sodium hydroxide is equivalent to 39.4 mg of
C22H32ClN03.

STORAGE
Protected from light.

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 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 also 5.10. Control of impurities
in substances for pharmaceutical use) B, C, D, E.

~
o . ( CH3

,O~ .
OH ~N'-.,/CH3

and enantiomer

A. 4-(diethylamino)but-2-ynyl (RS)-2-(cyc1ohex-3-enyl)-2
cyc1ohexyl-2-hydroxyacetate,

~
o

I (CH3

# 0 ~
OH ~N'-.,/CH3

f "

B. 4-(diethylamino)but-2-ynyl 2-hydroxy-2,Z-diphenylacetate
. (diphenyl analogue of oxybutynin),

~
oI CH3

# \. O~ [
OH ~ "CH3

and enantiomer

C. 4-(ethylmethylamino)but-2-ynyl (RS)-2-cyc1ohexyl-2
hydroxy-2-phenylacetate (methyl ethyl analogue of
oxybutynin),

~
I # COzH

'. and enantiomer
OH

D. (RS)-2-cyc1ohexyl-2-hydroxy-2-phenylacetic acid
(phenylcyc1ohexylglycolic acid),
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PhEur _

____________________ PhEur

0->50

Mobile phase B
(per cent VIP)

Mobile phase A
(per cent VIP)

100 -> 50

Time
(min)

0-60

Flow rate 1.5 mL/min.

Detection Spectrophotometer at 230 om.

Injection 20~.

Relativeretention 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 suitabl1ity Reference solution (b):
- resolution: minimum 3 between the peaks due to

oxycodone and impurity D.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity F by 0.5;
- sum of 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);

,...- impurities A~ B, C~ F: for each impurity, not more than
the area of the peak due to oxycodone in the
chromatogram obtained with reference solution (b)
(0.1 per cent);

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of methyl redsolution 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)
-140 to -148 (anhydrous substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions protected
from light.

Testsolution Dissolve 0.100 g of the substance to be
examined in a 1 per cent V/V solution of dilute acetic acidR
and dilute to 50.0 mL with the same solvent.

Reference solution (a) Dissolve 20.0 mg of oxycodone
impurityD CRS in a I per cent V/V solution of dilute acetic
acidR 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 V/V solution of dilute acetic acidR. Dilute
1.0 mL of the solution to 10.0 mL with a 1 per cent V/V
solution of dilute acetic acidR.

Column:
- size: l = 0.15 m, 0 = 4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 40°C.

Mobile phase:
- mobile phaseA: mix 830 mL of a 1.1 gIL solution of

sodium heptanesulfonate monohydrate R previously adjusted
to pH 2.0 with a mixture of equal volumes of phosphoric
acid R and waterR, with 70 mL of acetonitrile Rand
100 mL of methanolR;

- mobile phaseB: mix 600 mL of a 1.1 g/L solution of
sodium heptanesulfonate monohydrate R previously adjusted
to pH 2.0 with a mixture of equal volumes of phosphoric
acid R and waterR, with 150 mL of acetonitrile Rand
250 mL of methanolR;

124-90-3
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and enantiomer

Action and use
Opioid receptor agonist; analgesic.

Preparations
Oxycodone Capsules

Oxycodone Injection

Oxycodone Oral Solution

Oxycodone Prolonged-release Tablets

DEFINITION
4,5cx-Epoxy-14-hydroxy-3-methoxy-l7-methylmorphinan-6
one hydrochloride.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder, 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 ammoniaR1.
Allow the mixture to stand until a precipitate is formed,
Filter, wash the precipitate with 10 mL of cold waterR, and
dry for 1 h at 105°C. Examine the precipitate.

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 waterR and dilute to
50.0 mL with the same solvent.

(ph. Eur. monograph 1793)

Oxycodone Hydrochloride

E. 4-(ethylpropylamino)but-2-ynyl (RS)-2-cyclohexyl-2
hydroxy-2-phenylacetate (ethylpropyl analogue of
oxybutynin) .
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- any other impurity: for each impurity, not more than the
area of the peak due to oxycodone in the chromatogram
obtained with reference solution (b) (0.1 per cent);

- total: not more than 15 times the area of the peak due to
oxycodone in.the chromatogram obtained with reference
solution (b) (1.5 per cent);

- disregard limit: 0.5 times the area of 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, determined on 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
hydrochloric add and 60 mL of ethanol (96 per cent) R. Titrate
with 0.1 M ethanolic sodium hydroxide, determining the
end-point potentiometrically (2.2.20). Measure the volume
used between the 2 inflexion points.

1 mL of 0.1 M ethanolic sodium hydroxide is equivalent to
35.19 mg of ClsH22ClN04'

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F.

D.7,8-didehydro-4,5a.-epoxy-14-hydroxy-3-methoxy-17
methylmorphinan-6-one (14-hydroxycodeinone),

E. 4,5 ce-epoxy-3-methoxy-17-methylmorphinan-6-one
(hydrocodone),

F. 6,7,8,14-tetradehydro-4,5a.-epoxy-3-6-dimethoxy-17
methylmorphinan (thebain).

____________________ PhEur

Oxygen

7782-44-732.00

(Ph. Bur. monograph 0417)

Oxygen shouldbe kept in approved metalcylinders, the shoulders
of which arepainted whiteand the remainder black. The cylinder
shouldcarrya labelstating 'Oxygen'. In addition, 'Oxygen' or
the symbol '02' should be stencilled in paint on the shoulder of the
cylinder.

W'hen Oxygen is intended for usein a room in which magnetic
resonance imaging (MRI) is being performed, the cylinder and
fittings shouldbe madefrom suitable non-ferromagnetic materials
and labelled accordingly.

O2

A. 4,5a.-epo~-3,14-dihydroxy-17-methylmorphinan-6-one
(oxymorphone),

B. 4,5o-epoxy-3-methoxy-17-methylmorphinan-6a.,14-diol
(7,8-dihydro-14-hydroxycodeine),

C. 4,5a.-epoxy-14-hydroxy-3-methoxymorphinan-6-one
(noroxycodone),

PhEur _

DEFINITION
Content
Minimum 99.5 per cent V/Vof O2•

This monograph applies to oxygen for medicinal use.

CHARACTERS
Appearance
Colourless gas.

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
cryodistillation of the ambient air.

Carbon dioxide
Maximum 300 ppm V/~ determined using an infrared
analyser (2.5.24).
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Gas to be examined Filter the substance to be examined to
avoid stray light phenomena.

Reference gas (a) OxygenR.

Reference gas (b) Mixture containing 300 ppm VIVof carbon
dioxide Rl in nitrogen Rl,

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of carbon dioxide in
the gas to be examined.

Carbon monoxide
Maximum 5 ppm VIV; determined using an infrared analyser
(2.5.25).

Gas to be examined Filter the substance to be examined to
avoid stray light phenomena.

Reference gas (a) Oxygen R.

Reference gas (b) Mixture containing 5 ppm VIV of carbon
monoxide R in nitrogen R1.
Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b) ...Measurethe content of carbon monoxide
in the gas to be examined,

Water
Maximum 67 ppm VIT7, determined using an electrolytic
hygrometer (2.5.28).

Assay
Determine the concentration of oxygen using a paramagnetic
analyser (2.5.27).

IDENTIFICATION
It complies with the limits of the assay.

TESTS
Carbon dioxide
Maximum 300 ppm VIT7, 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 VIV; 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.
_____________________ PhEur

Oxygen (93 per cent)
(Ph. Bur. monograph 2455)

O2 32~0

PhEur _

DEFINITION
Content
90.0 per cent VIV to 96.0 per cent VIV of O 2, the remainder
mainly consisting of argon and nitrogen.

Oxygen (93 per cent) 11-507

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 air using
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 after any modification or significant
intervention, the gas produced complies with the following
requirements.

Carbon dioxide
Maximum 300 ppm VIV; determined using an infrared
analyser (2.5.24).

Gas to beexamined The substance to be examined. It must
be filtered to avoid stray light phenomena.

Reference gas (a) Oxygen R.

Reference gas (b) A mixture of 7 per cent VIVof nitrogen Rl
and 93 per cent VIV of oxygen R, containing 300 ppm VIVof
carbon dioxide Rl,

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of carbon dioxide in
the gas to be examined.

Carbon monoxide
Maximum' 5 ppm VIT7, determined using an infrared analyser
(2.5.25).

Gas to beexamined The substance to be examined. It must
be filtered to avoid stray light phenomena.

Reference gas (a) OxygenR.

Reference gas (b) A mixture containing 5 ppm VIVof carbon
monoxide R in nitrogen Rl,

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
che~uminescence analyser (2.5.26).

Gas to beexamined The substance to be examined.

Reference gas (a) A mixture of 21 per cent VIVof oxygen R
and 79 per cent VIVof nitrogen Rl, containing less than
0.05 ppm VIV of nitrogen monoxide and nitrogen dioxide.

Reference gas (b) A mixture containing 2 ppm VIVof
nitrogen dioxide R in nitrogen R1.

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of nitrogen monoxide
and nitrogen dioxide in the gas to be examined.

Sulfur dioxide
Maximum 1 ppm VIT7, determined using an ultraviolet
fluorescence analyser (Figure 2455.-1.).

The apparatus consists of the following:
- a system generating ultraviolet radiation with a wavelength

of 210 nm, made up of an ultraviolet lamp, a collimator,
and a selective filter; the beam is blocked periodically 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 selective filter, a photomultiplier
tube and an amplifier.

Gas to beexamined The substance to be examined. It must
be filtered.
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Figure 2455.-1. - UV.fluorescence analyser

Photomultiplier Amplifier

Reference gas (a) A mixture of 7 per cent V/Vof nitrogen Rl
and 93 per cent V/V of oxygen R.
Reference gas (b) A mixture of 7 per cent V/Vof 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 using reference
gases (a) and (b). Measure the content of sulfur dioxide in
the gas to be examined.

Oil
Maximum 0.1 mg/m", determined using an oil detector tube
(2.1.6).

Water
Maximum 67 ppm VIV; 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.

IDENTIFICATION
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 5ppm VIV; 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 dioxide detector tube (2.1.6).

Sulfur dioxide
Maximum 1 ppm VIV; determined using a sulfur dioxide
detector tube (2.1.6).

Oil
Maximum 0.1 mg/rrr', 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 obtained from 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
regulations. Oils and grease are not to be used unless they
are oxygen-compatible.

IMPURITIES
A. CO 2: carbon dioxide,
B. CO: carbon monoxide,
C. S02: sulfur dioxide,
D. NO and N02: nitrogen monoxide and nitrogen dioxide,
E. oil,

F. H 20: water.
_______________________ PhEur
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PhEur "-- _

(ph. Bur. monograph 0943)

Time Mobile phase A Mobile phase B
(min) (per cent VIJ') (per cent VIJ')

0-5 70 30

5 - 20 70 -+ 15 30 -+ 85

20 - 35 15 85

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 220 nm.

Injection 10 ilL.

Relative retention With reference to oxymetazoline (retention
time = about 5.0 min): impurity A = about 0.9.

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

impurity A and oxymetazoline.

Limits:
- impurityA: not more than 1.5 times the area of the

corresponding peak in 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 reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chsomatogram obtained with reference solution (a)
(0.5 per cent);

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2, Method II).

Dissolve 2.5 g in waterR and dilute to 50 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 0.2 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 colour of the indicator to
yellow.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Test solution Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 50.0 mL with the same
solvent.

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 waterR.

Reference solution (b) Dissolve 5.0 mg of oxymetazoline
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 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 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography with polarincorporated groups R (5 urn).

Mobilephase:
- mobile phaseA: 1.36 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acidR;
- mobile phase B: acetonitrile Rl;

2315-02-8
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Oxymetazoline Hydrochloride

Action and use
Alpha-adrenoceptor agonist; decongestant.

DEFINITION
3-[(4,5-Dihydro-1H-imidazol-2-yl)methyl]-6-(I,I
dimethyle:thyl)-2,4~dimethylphenolhydrochloride.

Content·
99.0,percent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in ethanol (96 per cent).

IDENTIFICATION
Firstidentification: A, D.

Secondidentification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison oxymetazoline hydrochloride CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the 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
hydrochloride 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.

Plate TLC silica gel G plate R.

Mobile phase diethylamine R, cyclohexane R, anhydrous
ethanol R (6:15:79 V/V/V).

Application 5~.

Development Over 2/3 of the plate.

Drying In a current of warm air for 5 min, then allow to
cool.

Detection Spray with a freshly prepared 5.0 gIL solution of
potassium ferricyanide R in ferric chloride solution R2; 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. Dissolve about 2 mg in 1 mL of waterR, then add
0.2 mL of a 50 gIL solution of sodium nitroprusside Rand
0.2 mL of dilute sodium hydroxide solution R. Allow to stand
for 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).
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Oxymetholone

Action and use
Anabolic steroid; androgen.

Preparation
Oxymetholone Tablets

CH3 OH

H3

C.f¢cCH

3H3C I
~ eN

CH3

_____________~ PhEur

E. 2-[4-(1,1-dimethylethyl)-3-hydroxy-2,6
dimethylphenyl] acetonitrile.

DEFINITION
Oxymetholone is l7~-hydroxy-2-hydroxymethylene-17 \J.

methyl-5Cl-androstan-3-one. It contains not less than 97.0%
and not more than 103.0% of C21H320 3, calculated with
reference to the dried substance.

CHARACTERISTICS
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 II B, in the range 230 to
3S0 nm of a 0.002% w/v solution in O.OIM ethanolic sodium
hydroxide exhibits a maximum only at 315 nm.
The absorbance at 315 nm is about 1.1.

E. The light absorption, Appendix II B, in the range 230 to
3S0 nmof a 0.003% w/v solution in O.OlM ethanolic
hydrochloric acidexhibits a maximum only at 277 run.
The absorbance at 277 nm is about 1.0.

C. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of oxymetholone
(RS 256). If the spectra are not concordant, dissolve the
substance in the minimum of chloroform, evaporate to
dryness, dry the residue over phosphorus pentoxide at a
pressure not exceeding 0.7 kPa and prepare a new spectrum.

D. Complies with the test for identification of steroids,
Appendix III A, using impregnating solvent II and mobile
phase D.

TESTS
Melting point
1750 to 1800

, Appendix V A.

Specific optical rotation
In a 2% w/v solution in l}4-dioxan, +34 to +38, calculated
with reference to the dried substance, Appendix V F.

A. N-(2-aminoethyl)-2-[4-(1, l-dimethylethyl)-3-hydroxy-2,6
dimethylphenyl] acetamide,

D.2-[4-(1,1-dimethylethyl)-3-hydroxy-2,6
dimethylphenyl] acetic acid,

B. 2-[[4-(1,1-dimethylethyl)-2,6-dimethylphenyl]methyl]-4,S
dihydro-lH-imidazole (xylometazoline),

C. 2-[4-(1, l-dimethylethyl)-3-hydroxy-2,6
dimethylphenyl] acetamide,

- disregard limit: O.S times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(O.OS per cent).

Water
(2.5.32): maximum 0.3 per cent, determined on 1.00 g .

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

ASSAY
Dissolve 0.200 g in a mixture of 20 mL of acetic anhydride R
and 20 mL of anhydrous acetic 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 29.68 mg of
C16H25CIN20.

IMPURITIES
Specified impurities A.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level) be detected by oneorotherof 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 necessary to identify these impurities for
demonstration of compliance. See also 5~ 10. Control of impurities
in substances for pharmaceutical use) B} C} D} E.

CH3 OH

H3
Cf¢cCH3.

H3C I
~ C0 2H

CH3
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Oxytetracycline Calcium

DEFINITION
Oxytetracycline Calcium is the calcium salt of
(4S,4aR,5S,5aR,6S,I2aS)-4-dimethylamino-
1,4,4a,5,5a,6,11,12a-octahydro-3,5,6,10,12, 12a-hexahydroxy
6-methyl-l, l l-dioxonaphthacene-2-carboxamide, a substance
produced by the growth of certain strains of Streptomyces
rimosus or obtained by any other means. It contains not less
than 90.0% and not more than 100.5% of
(CZZH23NzOg)zCa, 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 5Mammonia.

IDENTIFICATION
A. Carry out the method for thin-layer chromatography,
Appendix III A, using the following solutions in
O.OIM methanolic hydrochloric acid.

(1) 0.05% w/v of the substance being examined.

(2) 0.05% w/v of oxytetracycline BPCRS.

(3) 0.05% w/v of each of oxytetracycline BPCRS and
demeclocycline hydrochloride BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a silica gel precoated plate (Merck silica gel 60 plates
are suitable). Adjust the pH of a 10% w/v solution of
disodium edetate to 7.0 with 10Msodium hydroxide and spray
the solution evenly onto the plate (about 10 mL for a plate
100 mm x 200 mm). Allowthe plate to dry in a horizontal
position for at least 1 hour. Before use, dry the plate at 110°
for 1 hour.

(b) Use the mobile phase as described below.

(c) Apply IJlL of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, dry it in a current of air and
examine under ultraviolet light (365 nm).

MOBILE PHASE

6 volumes of water, 35 volumes of methanoland 59 volumes
of dichloromethane.

SYSTEM SUITABIliTY

The test is not valid unless the chromatogram obtained with
solution (3) shows two clearlyseparated spots.

CONFIRMATION

The principal spot in the chromatogram obtained with
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. Yields reaction B characteristic of calcium salts,
Appendix VI~

TESTS
Acidity or alkalinity
pH of a 2.5% w/v suspension, 6.0 to 7.5, Appendix V L.

Light absorption
Absorbance of a 0.002% w/v solution in O.lM chloride buffer
pH 2.0 at the maximum at 353 run, 0.56 to 0.61, calculated
with reference to the anhydrous substance, Appendix II B.

Specific optical rotation
In a 1% wiv solution in a.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 minutes before measurement.

Light-absorbing impurities
A. Dissolve 0.2 gin 6 mL of 1Mhydrochloric acid and add
sufficient methanolto produce 100 mL. The absorbance at
430 nm, when measured within 1 hour of preparing the
solution, is not more than 0.30, calculated with reference to
the anhydrous substance, Appendix II B.

B. Dissolve 1 gin 6 mL of 1Mhydrochloric acidand add
sufficient methanolto produce 100 mL. The absorbance at
490 nm, when measured within 1 hour of preparing the
solution, is not more than 0.20, calculated with referenceto
the anhydrous substance, Appendix II B.

15251-48-6

2

958.9

Action and use
Tetracycline antibacterial.

Related substances
Carry out the method for thin-layer chromatography,
Appendix III A, using silica gel G as the coating substance
and a mixture of 98 volumes of toluene and 2 volumes of
absolute ethanol as the mobile phase. Apply separately to the
plate 10 !1L of each of two solutions of the substance being
examined in a mixture of equal volumes of chloroform and
ethanol (96%) containing (1) 1.0% w/v and (2) 0.0050% w/v.
After removal of the plate, allow it to dry in air and spray
with vanz1lin-ethanolic sulfuric acid reagent. Any secondary spot
in the chromatogram obtained with solution (1) is not more
intense than the spot in the chromatogram obtained with
solution (2) (0.5%).

Loss on drying
When dried to constant weight at 105°, loses not more than
0.5% of its weight. Use 1 g.

Sulfated ash
Not more than 0.1%, Appendix IX A.

ASSAY.
Dissolve 0.1 gin sufficient O.OIM ethanolic sodium hydroxide
to produce 200 mL,:dilute 5 mL to 250 mL with
O.OIM ethanolic sodium hydroxideand measure the absorbance
of the resulting solution at the maximum at 315 nm,
Appendix IT B. Calculate the content of C21H3Z03 taking
547 as 'the value of A(1%, 1 cm) at the maximum at
315 urn.

STORAGE
Oxymetholone should be kept free from contact with ferrous
metals and protected from light.
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PhEur _

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 methanolR and dilute to 10 mL with the same solvent.

Reference solution (a) Dissolve 5 mg of oxytetracycline CRS in
methanolR and dilute to 10 mL with the same solvent.

DEFINITION
(4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-
3,5,6,1 0, 12,12a-hexahydroxy-6-methyl-l,11-dioxo
1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide
dihydrate.

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, slightly hygroscopic.

Solubility
Very slightly soluble in water. It dissolves in dilute acid and
alkaline solutions.

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

6153-64-6496.4

~NH2'2H,O
H3C OHH OHH N-CH3

H3C

(Ph. Bur. monograph 0199)

Oxytetracycline Dihydrate

Action and use
Tetracycline antibacterial.

Preparation
Oxytetracycline Tablets

the resolution factor between the first peak
(4-epioxytetracycline) and the second peak (oxytetracycline)
is at least 4.0;

the resolution factor between the second peak and the third
peak (tetracycline) is at least 5.0 (if necessary, reduce the
content of 2-methylpropan-2-01 in the mobile phase to
increase the resolution);

the symmetry factor of the peak due to oxytetracycline is not
more than 1.25.

DETERMINATION OF CONTENT

Calculate the content of (CZZHZ3NzOg)zCa using the
declared content of CZZHZ4NzOg in oxytetracycline BPCRS.
Each mg of.CzzHz~zOgis equivalent to 1.041 mg of
(CZZHZ3NzOg)zCa.

STORAGE
Oxytetracycline Calcium should be protected from light and
stored at a temperature of 2° to 8°.

Calcium
3.90 to 4.20%, calculated with reference to the anhydrous
substance, when determined by the following method.
Transfer about 1 g, accurately weighed, to a Kieldahl flask,
cautiously add 10 mL of nitricacid and mix. Allow to stand
for 5 minutes, add a glass bead and heat on a water bath for
5 minutes. Remove from the water bath, cautiously add
5 mL of 9M perchloric acid and heat, adding further 5 mL
quantities of the perchloric acid at intervals until the liquid is
almost colourless. Add 0.1 m.L of nitric acid and allow any
further reaction to subside. Do not allow the volume of 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
tuaier, collecting the washings in the flask, and boil for 3 to
4 minutes to expel chlorine. Cool, transfer the contents of
the flask to a conical flask with the aid of waterand dilute to
about 200 mL with water. Adjust to pH 9 with 5M sodium
hydroxide and then add 100 m.L of waterfollowed by 12 mL
of 10M sodium hydroxide and mix. Add about 15 mg of
calconcarboxylic acid triturate and titrate with 0.05M 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.

Water
Not more than 15.0% w/w, Appendix IX. C. Use 0.25 g.

ASSAY
Carry out the method for liquidchromatography,
AppendixIII D, using the following solutions.

(1) Dilute 1 volume of a 0.1 % w/v solution of the substance
being examined in O.lM hydrochloric acid to 20 volumes with
the mobile phase.

(2) Dilute 1 volume of a 0.1 % w/v solution of
oxytetracycline BPCRS in 0.1M hydrochloric acid to 20 volumes
with the mobile phase.

(3) 0.1 % w/v of 4-epioxytetracycline in O.lM hydrochloric acid.

(4) 0.1 % w/v of tetracycline hydrochloride BPCRS in a.lM
hydrochloric add.

(5) Dilute a mixture containing 1.5 mL of a 0.1 % w/v
solution of oxytetracycline BPCRS in O.lM hydrochloric acid,
1 mL of solution (3) and 3 m.L of solution (4) to 25 mL
with the mobile phase.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 rom) packed
with styrene-divinylbenzene copolymer (8 to 10 um) (Polymer
Laboratories, PLRP-S 100A, is suitable).

(b) Use isocratic elution and the mobile phase described
below.

(c) Use a flow rate of 1 mL per minute.

(d) Use a column temperature of 60°.

(e) Use a detection wavelength of 254 nm.
(f) Inject 20 ~ of each solution.

MOBILE PHASE

To 50.0 g of 2-methyl-propan-2-o1 add 200 mL of water,
60 rn.L of 0.33Mphosphate bufferpH 7.5, 50 mL of a
1.0% w/v solution of tetrabutylammonium hydrogen sulfate
previously adjusted to pH 7.5 with 2M sodium hydroxide and
10 mL of a 0.04% w/v solution of disodium edetate previously
adjusted to pH 7.5 with 2M sodium hydroxide and dilute to
1 litre with water.

SYSTEM SUITABILITY

The Assay is not valid unless, in the chromatogram obtained
with solution (5):
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Reference solution (c) Dissolve 4.0 mg of oxytetracycline for
system suitability CRS (containing impurities A, B, C, D
and E) in a 1.gIL solution of hydrochloric acid R and dilute to
5.0 mL with the same solution.

Column:
- size: 1= 0.15 m, (2) = 4.6 mm;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 50°C.

Mobile-phase:
- mobile phaseA: 0.05 per cent V/V solution of trifiuoroacetic

acidR;
- mobile phase B: tetrahydrofuran for chromatography R,

methanol R1, acetonitrile Rl (5:15:80 V/VlV);

Flow rate 1.3 mL/min.

Detection Spectrophotometer at 254 run.

Injection 10!-LL of test solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with oxytetracycline for system suitability CRS and the
chromatogram obtained with 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 1.3;
impurity D = about 1.4; impurity E = about 2.3.

System suitability Reference solution (c):
- peak-to-valley 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 the peak due to
oxytetracycline; minimum 3.0, 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
oxytetracycline.

Calculation of percentage contents:
- for each impurity, use the concentration of oxytetracycline

in reference solution (b);
- for impurities D and E multiply the peak areas by the

correction factor 0.4.

Limits:
- impurity C: maximum 2.0 per cent;
- impurityB: maximum 1.0 per cent;
- impurityA: maximum 0.7 per cent;
- impurities D, E: for each impurity, maximum 0.2 per cent;
- any otherimpurity: maximum 0.1 percent;
- total: 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 (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in thetest for
related substances with the following modification.

Injection Test solution (b) and reference solution (a).

Reference solution (b) Dissolve 5 mg of oxytetracycline 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 oetadecylsilyl SIlica gelF254 plate R.

Mobile phase .Mix 20 volumes of acetonitrile R, 20 volumes
of methanolR and 60 volumes of a 63 gIL solution of oxalic
acidR previously adjusted to pH 2 with concentrated
ammonia R.

Application 1 IlL.
Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

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 position and size to the
principal spot in the; chromatogram obtained with reference
solution (a).

B. Examine me chromatograms obtained in the test for
related substances.

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 (a).

C. To about 2 mg add 5 mL of sulfuric acid R. A deep red
colour develops. Add the solution to 2.5 mL of waterR.
The colour becomes yellow.

D. Water (2.5.12): 6.0 per cent to 9.0 per cent (see Tests).

TESTS
pH (2.2.3)
4.5 to 7.5.

Suspend 0.1 gin 10 mL of carbon dioxide-free waterR.

Light-absorbing impurities
Carry out the measurements within 1 h ofpreparing the solutions.

Dissolve 20.0 mg in a mixture of 1 volume of a 103 gIL
solution of hydrochloric 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 0.25 (anhydrous substance).

Dissolve 0.100 g in a mixture of 1 volume of a 103 gIL
solution of hydrochloric 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 490 nm has a
maximum of 0.20 (anhydrous substance).

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Testsolution (a) Dissolve 20.0 mg of the substance to be
examined in a 1 g/L solution of hydrochloric acidR and dilute
to 25.0 mL with the same solution.

Testsolution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with a 1 gIL solution of hydrochloric acidR.

Reference solution (aj Dissolve 20.0 mg of
oxytetracycline CRS in a 1 gIL solution of hydrochloric acidR
and dilute to 25.0 m.Lwith the same acid. Dilute 5.0 mL of
the solution to 50.0 m.Lwith a 1 gIL solution of hydrochloric
acidR.
Reference solution (bj Dilute 1.0 mL oftest solution (a) to
100.0 mL in a 1 gIL solution of hydrochloric acidR.

Time
(min)

0-5

5 - 20

Mobile phase A
(per cent VIV)

90

90 ...... 65

Mobile phase B
(per cent VIV)

10

10 ...... 35
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Calculate the percentage content of C22H2~209 taking into
account the assigned content of oxytetracycline CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E.

Other detectable impurities (the following substances would, if
present at a sufficientlevel, be detected by one or otherof the tests
in the monograph. They are limited by the general 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) F.

A. (4R,4aR,SS,SaR,6S,12aS)-4-(dimethylamino)
3,5,6,10,12,12a-hexahydroxy-6-methyl-l,ll-dioxo-
1,4,4a,S,Sa,6,11,12a-octahydrotetracene-2-carboxamide
(4-epioxytetracycline),

B. (4S,4aS,SaS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a
pentahydroxy-6-methyl-l,ll-dioxo-l,4,4a,5,5a,6,11,12a
octahydrotetracene-2-carboxamide (tetracycline),

2020

NHz

E. (3S,4S,5R)-4- [(IR)-4,5-dihydroxy-9-methyl-3-oxo-l,3
dihydronaphtho [2,3-c] furan-l-yl]-3-(dimethylamino)-2,S
dihydroxy-6-oxocyclohex-l-ene-l-carboxamide,

F. (4S,4aR,SR, 12aS)-4-(dimethylamino)-3,5,10,11,12a
pentahydroxy-6-methyl-l,1 2-dioxo-l,4,4a,5,12,12a
hexahydrotetracene-2-carboxamide (anhydro
oxytetracycline).

____________________ PhEur

Oxytetracycline Hydrochloride
(Ph. Eur. monograph 0198)

~NH2'Ha
HgC OHH OHH /N-CH3

H3C

Action and use
Tetracycline antibacterial.

Preparation
Oxytetracycline Capsules

496.9 2058-46-0

C. (4S,4aR,SS,5aR,6S,12aS)-2-acetyl-4-(dimethylamino)
3,5,6,1 0,12,12a-hexahydroxy-6-methyl-4a,Sa,6,12a
tetrahydrotetracene-I,11(4H,5H)-dione (2-acetyl-2
decarbamoyloxytetracycline),

D. (3S,4S,SS)-4-[(IR)-4,5-dihydroxy-9-methyl-3-oxo-l,3
dihydronaphtho [2,3-c] furan-l-yl]-3-(dimethylamino)-2,S
dihydroxy-6-oxocyclohex-l-ene-l-carboxamide,

PhEur _

DEFINITION
(4S,4aR,5S,5aR,6S, 12aS)-4-(Dimethylamino)
3,5,6,10,12,12a-hexahydroxy-6-methyl-l,ll-dioxo-
1,4,4a,S,5a,6,11,12a-oetahydrotetracene-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.

Solubility
Freely soluble in 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.

Second identification: A, C, D.
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A. Thin-layer chromatography (2.2.27),

Test solution Dissolve 5 mg of the substance to be examined
in methanolR and dilute to 10 mL with the same solvent.

Reference solution (a) Dissolve 5 mg of oxytetracycline
hydrochloride CRS in methanolR and dilute to 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 methanolR and dilute
to 10 mL with the same solvent.

Plate TLC octadecylsilyl silica gelF254 plate R.

Mobilephase Mix 20 volumes of acetonitrile R, 20 volumes
of methanolRand 60 volumes ofa 63 gIL solution of oxalic
acid R previously adjusted topR 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 nm.

System suitability The chromatogram obtained with
reference sqlution.(b.). shows 3 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).

B. 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 retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).

C. To about 2 mg add 5 mL of sulfuric acid R. A deep red
colour develops. Add the solution to 2.5 mL of waterR.
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 g in 10 mL of carbon dioxide-free waterR.

Light-absorbing impurities
Carry 0U:t the measurements within 1 h of preparing the solutions.

Dissolve 20.0 mg in a mixture of 1 volume of a 103 gIL
solution of hydrochloric acid R and 99 volumes of methanolR
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 0.50 (anhydrous substance).

Dissolve 0.100 g in a mixture of 1 volume of a 103 gIL
solution of hydrochloric acid Rand 99 volumes of methanolR
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). Prepare the solutions
immediately before use.

Test solution (a) Dissolve 20.0 mg of the substance to be
examined in a 1 gIL solution of hydrochloric acidR and dilute
to 25.0 mL with the same solution.

Test solution (b) Dilute 5.0 mlr.of test solution (a) to
50.0 mL with a 1 gIL solution of hydrochloric acidR.

Reference solution (a) Dissolve 20.0 mg of
oxytetracycline CRS in a 1 gIL solution of hydrochloric acid R

Oxytetracycline Hydrochloride 11-515

and dilute IO 25.0 mL with the same acid. Dilute 5.0 mL of
the solution to 50.0 mL with a 1 gIL solution of hydrochloric
acidR.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL in a 1 gIL solution of hydrochloric acid R.

Reference solution (c) Dissolve 4.0 mg of oxytetracycline for
system suitabilityCRS (containing impurities A, B, C, D
and E) in a 1 gIL solution of hydrochloric'acidR and dilute to
5.0 mL with the same solution.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationaryphase: end-capped octylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 50°C.

Mobilephase:
- mobile phase A: 0.05 per cent V/V solution of trifiuoroacetic

acidR;
- mobile phase B: tetrahydrofuran for chromatography R,

methanolRl, acetonitrile R1 (5:15:80 VIVIV);

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-5 90 10

5 - 20 90 --+ 65 10 --+ 35

Flow rate 1.3 mLlmin.

Detection Spectrophotometer at 254 nm.

Injection 10 ul, oftest solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with oxytetracycline for systemsuitabz1ity CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B, C, D and E.

Relative retention With reference to oxytetracycline
(retention time = about 6.5 min): impurity A = about 0.9;
impurity B = about 1.2; impurity C = about 1.3;
impurity D =about 1.4; impurity E = about 2.3.

System suitability Reference solution (c):
- peak-to-valley 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 the peak due to
oxytetracycline; minimum 3.0, 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
oxytetracycline.

Calculation of percentage contents:
- for each impurity, use the concentration of oxytetracycline

in reference solution (b);
- for impurities D and E multiply the peak areas by the

correction factor 0.4.

Limits:
- impurity C: maximum 2.0 per cent;
- impurity B: maximum 1.0 per cent;
- impurityA: maximum 0.5 per cent;
- impurities D~ E: for each impurity, maximum 0.2 per cent;
- any otherimpurity: maximum 0.1 per cent;
- total: maximum 3.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.500 g.
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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 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 content of CzzHZSCINZ09 taking
into account the assigned content of oxytetracycline CRS and
a conversion factor of 1.079.

STORAGE
In an airtight container, protected from light. If the substance
is sterile, store in a sterile, airtight, tamper-proof container.

IMPURITIES
Specified impurities A, B, C, D, E.
Otherdetectable impurities (the following 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 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) F.

D. (3S,4S,5S)-4-[(IR)-4,5-dihydroxy-9-methyl-3-oxo-1,3
dihydronaphtho [2,3-c] furan-l-yl]-3-(dimethylamino)-2,5
dihydroxy-6-oxocyclohex-l-ene-l-carboxamide,

E. (3S,4S,5R)-4-[(lR)-4,5-dihydroxy-9-methyl-3-oxo-l ,3
dihydronaphtho[2,3-c]furan-1-yl]-3-(dimethylamino)-2,5
dihydroxy-6-oxocyclohex-l-ene-l-carboxamide,

~
OH OH 00HO 0

~ I ~ H I NHz

~ ~:' I OH

CH3 H OHH ;N-CH3

H3C

F. (4S,4aR,5R,12aS)-4-(dimethylamino)-3,S,10,11,12a
pentahydroxy-6-methyl-l,12-dioxo-l,4,4a,5,12,12a
hexahydrotetracene-2-carboxamide (anhydro
oxytetracycline).

____________________ PhEur

A. (4R,4aR,5S,5aR,6S,12aS)-4-(dimethylamino)
3,5,6,10,12,12a-hexahydroxy-6-methy~1,11-dioxo

1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide
(4-epioxytetracycline),

Oxytocin
(Ph. Eur. monograph 0780)

i i
H- Cys- Tyr -lie - GIn- Asn- Cys- Pro- Leu- Gly -NH2

Action and use
Oxytocic.

Preparations
Ergometrine and Oxytocin Injection

Oxytocin Injection

B. (4S,4aS,5aS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a
pentahydroxy-6-methyl-l,ll-dioxo-l,4,4a,5,5a,6,11,12a
octahydrotetracene-2-carboxamide (tetracycline),

1007 50-56-6

DEFINITION
L-Cysteinyl-L-tyrosyl-L-isoleucyl-L-glutamyl-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 form 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 (C43H66NIZ01ZSZ) is
equivalent to 600 IV of biological activity.

PhEur _

oOH 0

\.! OH
H3C OHH OHH N-CH3

H3C

C, (4S,4aR,5S,5aR,6S,12aS)-2-acetyl-4-(dimethylamino)
3,S,6,10,12,12a-hexahydroX"j-6-meu.~yl-4a,Sa,6,12a

tetrahydrotetracene-l, 11(4H,5H)-dione (2-acetyl-2
decarbamoyloxytetracycline),
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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 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 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 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 to 1.10; glutamic acid: 0.90 to 1.10; proline: 0.90 to
1.10; glycine: 0.90rol.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-free water 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 mg/ml, solution of the
substance to be examined in a 15.6 gIL solution of sodium
dihydrogen phosphate R.

Resolution solution Dissolve the contents of a vial of
oxytocinldesmopressin 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 rom;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase:
- mobile phase A: 15.6 gIL solution of sodium dihydrogen

phosphate R;
- mobile phase B: acetonitrile for chromatography R, waterR

(50:50 V/V);

Time
(min)

0-30

30 - 30.1

30.1 - 45

Mobile phase A
(per cent VIV)

70 -> 40

40 -> 70

70

Mobile phase B
(per cent V/JI)

30 -> 60

60 -> 30

30

Limits:
- any impurity: maximum 1.5 per cent;
- total: maximum 5 per cent;
- disregard limit: 0.1 per cent.

Acetic acid (2.5.34)
6.0 per cent to 10.0 per cent.

Testsolution 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 mL with
the same mixture of mobile phases.

Water (2.5.12)
Maximum 5.0 per cent, determined on at least 50 mg.

Bacterial endotoxins (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.

Reference solution 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 mg/mL.

Injection 25 J.LL.
Calculate the content of oxytocin (C43H66NIZOIZSZ) from
the declared content of C43H66NIZOIZSZ 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-proof container.

LABELLING
The label states the oxytocin peptide content
(C43H66NIZOIZSZ).
_____________________ PhEur

Oxytocin Concentrated Solution
Oxytocin Bulk Solution

(Ph. Bur. monograph 0779)

H- c~s - Tyr -lie - Gin- Asn- cys - Pro- Leu- Gly- NH2

1007

Action and use
Oxytocic.

Preparations
Ergometrine and Oxytocin Injection

Oxytocin Injection

PhEur _

Flow rate 1 mL/min.

Detection Spectrophotometer at 220 nm.

Injection 50 ilL.

Retention time Oxytocin = about 7.5 min;
desmopressin =about 10 min.

System suitabzlity Resolution solution:
- resolution: minimum 5.0 between the peaks due to

desmopressin and oxytocin.

DEFINITION
L-Cysteinyl-L-tyrOsyl-L-isoleucyl-L-glutamyl-L-asparaginyl-L
cysteinyl-L-prolyl-L-Ieucylglycinamide cyclic (1-+6)-disulfide.

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, ill a solvent that may contain an
appropriate antimicrobial preservative.
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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 (C4~6~12012Sz)is
equivalent to 600 IV of biological activity.

CHARACTERS
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 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 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 to 1.10; glutamic acid: 0.90 to 1.10; proline: 0.90 to
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 5.0.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.

Testsolution The preparation to be examined.

Resolution solution Dissolve the contents of a vial of
oxytocinldesmopressin validation mixture CRS in 1 mL of a
15.6 gIL solution of sodium dihydrogen phosphate R.

Column:
- size: l =0.125 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl 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, water R

(50:50 V/V);
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- total: maximum 5 per cent;
- disregard limit: 0.1 per cent.

Bacterial endotoxins (2.6.14)
Less than 300 ill in the volume 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.

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 vial of
oxytocin CRS in a 15.6 gIL solution of sodium dihydrogen
phosphate R to obtain a concentration of 0.25 mg/ml.,

Injection 25 J.tL.
Calculate the content of oxytocin (C43H66NIZOIZSZ) from
the declared content of C43H6~lZ01ZSZin oxytocin CRS.

STORAGE
At a temperature of 2 DC to 8 DC, protected from light. If the
substance is sterile, store in a sterile, airtight, tamper-proof
container.

LABELLING
The label states the oxytocin peptide content in milligrams of
C43H6~lZ01ZSZ per millilitre.
___________________..,...-_ PhEur

Paclitaxel
(ph. Bur. monograph 1794)

33069-62-4

Action and use
Taxane cytotoxic.

Flow rate 1 mL/min.

Detection Spectrophotometer at 220 nm.

Injection 50 ilL.

Retention time Oxytocin =about 7.5 min;
desmopressin = about 10 min.

System suitability Resolution solution:
- resolution: minimum 5.0 between the peaks due to

desmopressin and oxytocin.

Limits:
- any impurity: maximum 1.5 per cent;

Time
(min)

0-30

30 - 30.1

30.1 - 45

Mobile phase A
(per cent VIP)

70 -> 40

40 -> 70

70

Mobile phase B
(per cent VIV)

30 -> 60

60 -> 30

30

PhEur _

DEFINITION
4,1 0~-Bis(acetyloxy)-13ct- [[(2R,3S)- 3-benzamido-2-hydroxy
3-phenylpropanoyl]oxy]-1,7~-dihydroxy-9-oxo-5~,20
epoxytax-Ll-en-Zo-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.
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IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison paditaxel CRS.

If the spectra obtained in the solid state show differences,
dissolve 10 mg of the substance to be examined and the
reference substance separately in 0.4 mL of methylene
chloride R, evaporate to dryness and record new spectra using
the residues.

TESTS
Appearanceofs~ution

The solution is clear (2.2.1) and colourless (2.22,·
Method II).

Dissolve 0.1 gin 10 mL of methanol R.

Specific optical rotation (2.2.7)
-55.0 to -49.0 (anhydrous substance).

Dissolve 0.250 g in methanolR and dilute to 25.0 mL with
the same solvent.

Related sUbstanc~~;:::
liquid chromatography (2.2.29).

A. Paclitaxel isolated-from natural sources or produced by
fermentation.

Testsolution (a) Dissolve 20.0 mg of the substance to be
examined in acetonitrile Rl and dilute to 10.0 mL with the
same solvent.

Testsolution (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) to
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 paclitaxel CRS in
acetonitrile RI and dilute to 5.0 mL with the same solvent.
Dilute 2.0 mL of this solution to 20.0 mL with
acetonitrile RI.
Reference solution (c) Dissolve 2.0 mg ofpaclitaxeI
impurity C CRS in acetonitrile Rl and dilute to 20.0 mL with
the same solvent.

Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 50.0 mL with acetonitrile Rl.
Reference solution (e) To 1 mL of reference solution (b) add
1 mL of reference solution (c).

Reference solution (j) Dissolve 5 mg of paclitaxel naturalfOT
peak identification CRS (containing impurities A, B, C, D, E,
F, H, 0, P, Q and R) in acetonitrile Rl and dilute to 5 mL
with the same solvent.

Column:
- size: l =0.25 m, 0 =4.6 mID;
- stationary phase: diisopropylcyanosilyl silica gelfor

chromatography R (5 J.I.IIl) with a specific surface area
of 180 m 2/g and a pore size of 8 nm;

- temperature: 20 ± 1 "C.
Mobile phase:

- mobile phaseA: methanol Rl, waterfor
chromatography R (20:80 V/V);

- mobile phaseB: methanol Rl, acetonitrile for
chromatography R (20:80 VIV);

Time
(min)

0-60

60 - 61

61 -75

Mobile phase A
(percent VIJi')

85 -+ 56

56 -+ 85

85

Mobile phase B
(per cent V/lt)

15 -I- 44

44 -I- 15

15

Flow rate 1.0 mLlmin.

Detection Spectrophotometer at 227 run.

Injection 10 flL oftest solution (a) and reference
solutions (a), (d), (e) and (f).

Identification of impurities Use the chromatogram supplied
with paclitaxel natural for peak identification CRS and the
chromatogram obtained with reference solution (f) to identify
the peaks due to impurities A, B, C, D, E, F, H, 0, P, Q
andR.

Relativeretention With reference to paclitaxel (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 =about 1.20.

System suitability Reference solution (e):
- 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

area of the principal peak in the chromatogram
obtained with reference solution (a) (0.5 per cent);

- impurity 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 impurities A and B: not more than 4 times the
area of the principal peak in the chromatogram
obtained with reference solution (a) (0.4 per cent);

- impurity C: not more than 3 times the area of the
corresponding peak in the chromatogram obtained
with reference solution (d) (0.3 per cent);

- impurity D: not more than twice the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);

- sum of impurities P and Q: not more than twice the
area of the principal peak in the chromatogram
obtained with reference solution (a) (0.2 per cent);

- impurity F: not more than the area of the principal
peak in the chromatogram obtained with reference

" solution (d) (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 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 with reference
solution (a) (0.05 per cent).

B. Paclitaxel produced by a semi-synthetic process.

Testsolution Dissolve 10.0 mg of the substance to be
examined in 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 acetonitrile Rl, Dilute 1.0 mL of this solution
to 100.0 mL with acetonitrile Rl,

Reference solution (b) Dissolve 5.0 mg of paclitaxel CRS in
acetonitrile Rl and dilute to 5.0 mL with the same solvent.

Reference solution (c) Dissolve 5 mg of paclitaxel semi
synthetic for peak identification CRS (containing impurities A,
G, I and L) in acetonitrile Rl and dilute to 5 mL with the
same solvent.
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Reference solution (d) Dissolve the contents of a vial of
paclitaxelsemi-synthetic for system suitabtlity CRS (containing
impurities E, H and N) in 1 mL of acetonitrile RI.

Column:
- size:1= 0.15 m, 0 = 4.6 mm;
_ stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography R (3 JlIIl) with a specific surface area
of 300 m2/g and a pore size of 12 nm;

- temperature: 35 "C.

Mobilephase:
- mobile phaseA: acetonitrile for chromatography R, water

for chromatography R (40:60 V/V);
- mobile phase B: acetonitrile far chromatography R;

Time Mobile phase A Mobile phase B

(min) (per cent VIJI) (per cent VIJI)

0-20 100 0

20 - 60 100 -> 10 0->90

60 - 62 10 -> 100 90 -> 0

62 -70 100 0

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 227 nm.

Injection 15 JlL of the test solution and reference
solutions (a), (c) and (d).

Identification of impurities Use the chromatogram supplied
with paclitaxel 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 L; use the
chromatogram supplied with paditaxel semi-synthetic for system
suitability CRS and the chromatogram obtained with
reference solution (d) to identify the peaks due to impurities
E, H andN. '

Relative retention 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;
_ impurityA: not more than 7 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 E~ 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 impurities H, 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 G, K, N: for each impurity, not more than
twice the area of the principal peal, in the
chromatogram obtained with reference solution (a)
(0.2 per cent);

_ unspecified impunties: 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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- 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)
Maximum 3.0 per cent, determined on 0.050 g.

Microbial contamination
TAMC: acceptance criterion 102 CFU/g (2.6.12).

Bacterial endotoxins (2.6.14)
Less than 0.4 ill/mg.

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 C47HsIN014 from the
declared content of paclitaxelCRS.

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 J.1L of the test solution and reference
solution (b).

Calculate the percentage content of C47HsIN014 from the
declared content of paclitaxelCRS.

STORAGE
In an airtight container, protected from light.

LABELLING
The label states the origin of the substance:
- isolated from natural sources;
- produced by fermentation;
- produced by a semi-synthetic process.

IMPURITIES
Test A for related substances
A, B, C, D, E, F, H, 0, P, Q, R.

Specified impurities A~ B, C~ D~ E~ F, O~ P, Q, R.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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) H.

Test B for related subtances
A, E, G, H, I, J, K, L, M, N.

Specified impurities A, E~ G, H, I, J, x, L, M, N.
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A. 4,10~-bis(acetyloxy)-13a.-[[(2R,3S)-3-benzamido-2

hydroxy-3-phenylpropanoyl]oxy]-1,7~-dihydroxy-9-oxo
5~,20-epoxytax-ll-en-2a.-yl (2E)-2-methylbut-2-enQate
(2-0-debenzoyl-2-0-tigloylpaclitaxel),

E. 4,10~-bis(acetyloxy)-13a.-[[(2R,3S)-3-benzamido-2

hydroxy-3-phenylpropanoyl]oxy]-1,7a.-dihydroxy-9-oxo
5~,20-epoxytax-l1-en-2a.-ylbenzoate (7-epz:'paclitaxel), .

a

o

o

ox H C
I~ H.... OH 3

# 0 ....

HN \H 0 H

-:

G.4-(acetyloxy)-13a.-[[(2R,3S)-3-benzamido-2-hydroxy-3
phenylpropanoyl] oxy]-1,7 B,1Of3-trihydroxy-9-oxo-5~,20
epoxytax-ll-en-2a.-yl benzoate (lO-O-deacetylpaclitaxel),

H. 4-(acetyloxy)-13a.-[[(2R,3S)-3-benzamido-2-hydroxy-3
phenylpropanoyl] oxyj-I,711., 1OB-trihydroxy-9-oxo-5~,20
epoxytax-l I-en-Zc-yl benzoate (1O-O-deacetyl-7 -epi
paclitaxel),

F. 4,lO~-bis(acetyloxy)-13a.-[[(2R,3S)-3-[hexanoyl

(methyl)amino]-2-hydroxy-3-phenylpropanoyl] oxy]-1,7~
dihydroxy-9-oxo-5~,20-epoxytax-l1-en-2ct-yl benzoate (N
debenzoyl-N-hexanoyl-N-methylpaclitaxel;
N-methylpaclitaxel C),

C. 4, 1O~-bis(acetyloxy)-13a.-[[(2R,3S)-3-(hexanoylamino)-2
hydroxy-3-phenylpropanoyl]oxy]-1,7~-dihydroxy-9-oxo-
5~,20-epoxytax-ll-en-2a.-yl benzoate (N-debenzoyl-N
hexanoylpaclitaxel; paclitaxel C),

B. 4,10~-bis(acetyloxy)-1,7~-dihydroxy-13a.-[[(2R,3S)-2

hydroxy-3- [[(2E)-2-methylbut-2-enoyl]amino]-3
phenylpropanoyl]oxy]-9-oxo-5~,20-epoxytax-ll-en-2a.-yl
benzoate (N-debenzoyl-N-tigloylpaclitaxel;
cephalomannine),

D. 4,10~-bis(acetyloxy)-1,7a.-dihydroxy-13a.-[[(2R,3S)-2-

, hydroxy-3-[[(2E)-2-methylbut-2-enoyl]amino]-3-
phenylpropanoyl] oxy]-9-oxo-5 B,20-epoxytax-l1-en-2a.-yl
benzoate (N-debenzoyl-N-tigloyl-7-epi-paclitaxel; 7-epz'
cephalomannine),

www.webofpharma.com



11-522 Paclitaxel 2020

L. 4,7~,10~-tris(acetyloxy)-13cr-[[(2R,3S)-3-benzamido-2
hydroxy-3-phenylpropanoyl]oxy]-1-hydroxy-9-oxo-5B,20
epoxytax-l l-en-2cr-yl benzoate (7-O-acetylpaclitaxel),

--H 0

" O-{
HO CH

3

<;»>.
o~

M.5B,10~-bis(acetyloxy)-13r1-[[(2R,3S)-3-benzamido-2

hydroxy-3-phenylpropanoyl]oxy]-1,2cr,4,7B-tetrahydroxy
9-oxotax-ll-en-20-yl benzoate,

N. 4,10B-bis(acetyloxy)-1,7~,13cr-trihydroxy-9-oxo-5~,20
epoxytax-Ll-en-Za-yl benzoate (13-0-de[(2R,3S)-3
benzamido-2-hydroxy-3-phenylpropanoyl]paclitaxel;
baccatin Ill),

0.;[CH3

01
0

~
H C

I~. H.•. OH 3
# 0 ....Joo"

K. 4,10~-bis(acetyloxy)-13cr-[[(2R,3S)-3-benzamido-2
hydroxy- 3-phenylpropanoyl]oxy]-l-hydroxy-a-oxo-Zji
[(triethylsilyl)oxy]-5 B,20-epoxytax-11-en-2cr-yl benzoate
(7-0-(triethylsilanyl)paclitaxel),

1. 4-(acetyloxy)-10~,13cr-bis[[(2R,3S)-3-benzamido-2

hydroxy- 3-phenylpropanoyl]oxy]-1,7~-dihydroxy-9-oxo
5B,20-epoxytax-11-en-2cr-yl benzoate (1O-0-[(2R,3S)-3
benzamido-2-hydroxy-3-phenylpropanoyl]-10-0
deacetylpaclitaxel),

J. 4-(acetyloxy)-13cr-[[(2R,3S)- 3-benzamido-2-hydroxy-3
phenylpropanoyl] oxy]-1, 7~-dihydroxy-9-oxo-1 0~- [(3
oxobutanoyl)oxy] -5 ~,20-epoxytax-11-en-2cr-yl benzoate
(10-0-deacety~10-~(3-oxobutanoyl)paclitaxeD,

O. 4,10B-bis(acetyloxy)-1,7~-dihydroxy-13cr-[[(2R,3S)-2
hydroxy-3-phenyl-3- [[(2E;-3-phenylprop-2-enoyl]amino]
propanoyl]oxy]-9-oxo-5B,20-epoxytax-11-en-2cr-yl
benzoate (N-cinnamoyl-N-debenzoylpaclitaxel),
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P. 4,10~-bis(acetyloxy)-1,7~-dihydroxy-13C'l-[[(2R,3S)-2

hydroxy-3-phenyl-3-(2-phenylacetamido)propanoyl]oxy]
9-oxo-5~,20-epoxytax-ll-en-2C'l-yl benzoate (N-debenzoyl
N-(phenylacetyl)pac1itaxel) ,

Q. 4,10~-bis(acetyloxy)-13C'l-[[(2R,3S)-3-[[(3E)-hex-3-enoyl]
amino] -2-hydroxy-3-phenylpropanoyl]oxy]-1,7~
dihydroxy-9-oxo-5 ~,20-epoxytax-ll-en-2C'l-ylbenzoate (N
debenzoyl-N-[(3E)-hex-3-enoyl] pac1itaxel),

R. 4,10~-bis(acetyloxy)-1,7~-dihydroxJ-13C'l-[[(2R,3S)-2

hydroxy-3- [[(2S) -2-methylbutanoyl]amino]-3
phenylpropanoyl] oxy]-9-oxo-5 ~,20-epoxytax-ll-en-2C'l-yl

benzoate (N-debenzoyl-N-[(2S)-2-methylbutanoyl]
pac1itaxel) .

____________________ PhEur

Palmitic Acid
(Ph. Bur. monograph 1904)

57-10-3

Action and use
Excipient.

PhEur _

DEFINmON
Hexadecanoic acid (C 16H32 0 2; .NIr 256.4), obtained from
fats or oils of vegetable or animal origin.

Fractionated Palm Kernel Oil 11-523

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.

e. 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 Y7 or BY7 (2.2.2, Method1).

Acidity
Melt 5.0 g, stir for 2 min in 10 mL of hot carbon dioxide-free
water R, cool slowly and filter. To the filtrate 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 1.

Stearic acid
Maximum 6.0 per cent, determined as prescribed in the
assay.

Nickel (2.4.31)
Maximum 1 ppm.

ASSAY
Gas chromatography (2.4.22, Method C). 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
palmiticacidRand 50 mg of stearic acidR instead of the
substance to be examined.

Relativeretention With reference to methyl stearate: methyl
palmitate =about 0.9.

System suitability:
- resolution: minimum 5.0 between the peaks due to methyl

stearate and methyl palmitate.
___________________ PhEur

Fractionated Palm Kernel Oil
The standards of this monograph encompass several different
suppository bases. The selection of a basis for a particular
suppository formulation should be appropriate to the product
concerned and it may be necessary to apply more restrictive
standards for a particular application.

Action and use .
Suppository basis.
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Disodium Pamidronate

(Ph. Bur. monograph 1779)

Pamidronate Disodium
Pentahydrate

Action and use
Bisphosphonate; treatment of osteolytic lesions; Paget's
disease; hypercalcaemia ofmalignancy.

Preparation
Pamidronate Disodium Infusion

PhEur _

DEFINITION
Disodium dihydrogen (3-amino-1
hydroxypropylidene)bisphosphonate pentahydrate.

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

CHARACTERS
Appearance
\Vhite 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.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison pamidronate disodium pentahydrate CRS.
B. Dissolve 0.5 gin 10 mL of water R. The solution 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 Y6 (2.2.2, Method11).
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 water R and dilute to
10 mL with the same solvent.

Impurity A
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 30 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.

Reference solution Dissolve 15 mg of 3-aminopropionic acidR
in water R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of this solution to 10.0 mLwith waterR.

Plate , TLC silica gelplate R.
Mobile phase concentrated ammonia R, di-isopropyl ether R,
methanol R (4:8:9 V/V/V).

Application 10 /lL.
Development Over 2/3 of the plate.

Drying In a current of warm air.

Detection Spray with a ninhydrin solution R. Heat at
100-105 °C for 15 min.

Limit:
- impurity A: any spot due to impurity A is not more

intense than the spot in the chromatogram obtained with
the reference solution (0.5 per cent).

Impurities Band C
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.

Reference solution To 2.0 mL of a 0.3 gIL solution of
phosphoric acidR add 2.0 mL of a 0.25 gIL solution of
phosphorous acidR and dilute to 50.0 mL with waterR.

.Column:
- size: 1= 0.10 m, 0 =4.6 mm,
- stationary phase: anion-exchange resin R (5 urn),
- temperature: 35 °C.

109552-15-0369.1
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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
petroleum 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 (iodme 1mJmide method), Appendix X E.

~cltingpomt .
31° to 36°, Appendix V A> Method IV. 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. Immediately
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.

Saponification value
246 to 250, Appendix X G.
Peroxides
Dissolve 5 g in 15 mL of chloroform, add 20 mL of glacial
acetic acidand 0.5 mL of a saturated solution of potassium
iodide, mix well, allow to stand in the dark for exactly
1 minute, add 30 mL of water 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.
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Mobilephase To 0.5 mL of anhydrous formic acid R add
2500 mL of waterR; adjust to pH 3.5 with an 80 gIL
solution of sodium hydroxide R.
Flow rate 1.0 mL'min.

Detection Refractometer.

Injection 100 !JL.
Relative retention With reference to pamidronate (retention
time =about 13 min): impurity B = about 1.3;
impurity C = about 1.6.

System suitability Reference solution:
- resolution: minimum 2.5 between the peaks due to

nnpuritiesB and C.
Limits:
- impurities B~ C: for each impurity, not more than the area '

of the corresponding peaks in the chromatogram obtained
with the reference solution (0.5 per cent).

Water (2.5.12)
23.0 per centto 27.0 per cent, determined on 0.100 g.

ASSAY:"
Dissolve 0'.250 gin 70 mL of waterR. Titrate with 0.1 M
hydrochtorft acid determining the end-point potentiometrically
(2.2.20) . .,

1 niL"~fO.1 M hydrochloric acidis equivalent to 27.91 mg of
C3~a207P2'

IMPURITIES
Specifiedimpurities A~ B~ C.

A. 3-aminopropanoic acid (~-alanine),

B. H~04: phosphoric acid,

C. H3P03: phosphorous acid.
_____________________ PhEur

Pancreatic Extract
(Pancreas Potader, Ph. Bur. monograph 0350)
PhEur _

DEFINITION
Pancreas powder is prepared from the fresh or frozen
pancreases of mammals. It contains various enzymes having
proteolytic, lipolytic and amylolytic activities.

1 mg of pancreas powder contains not 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 which pancreas powder is derived must
fulfil the requirements for the health of animals' suitable for
human consumption.

CHARACTERS
Appearance
Slightly brown, amorphous powder.

Solubility
Partly soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Triturate o.s g with 10 mL of waterR and adjust to pH 8
with 0.1 ivI sodiumhydroxide, using 0.1 mL of cresol red

Pancreatic Extract 11-525

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 ofjibrin congo
redR, heat to 38-40 °C and maintain at this temperature for
1 h. Suspension (a) is colourless or slightly pink and
suspension (b) is distinctly more red.

B. Triturate 0.25 g with 10 mL of waterR and adjust to
pH 8 with 0.1 M sodiumhydroxide, 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). Dissolve 0.1 g of soluble starch R in 100 mL
of boiling waterR, 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). Heat each mixture to 38-40 °C and maintain
at this temperature for 5 min.

To 1 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 the iodine solution.

TESTS
Fat content
Maximum 5.0 per cent.

In an extraction apparatus, treat 1.0 g with lightpetroleum R1
for 3 h. Evaporate the solvent and dry the residue at
lOa-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 not exceeding 670 Pa for 4 h.

Microbial contamination
TAMC: acceptance criterion 104 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).

ASSAY
Total proteolytic activity
The total proteolytic activity of pancreas powder is
determined by comparing the quantity of peptides non
precipitable by a 50 gIL solution of trichloroacetic acid R
released per minute from a substrate of casein solution with
the quantity of such peptides released by pancreas powder
(protease) BRP from the same substrate in the same
conditions.

Casein solution Suspend a quantity of casein BRP equivalent
to 1.25 g of dried substance in 5 mL of waterR, add 10 mL
of 0.1 M sodium hydroxide and stir for 1 min. (Determine the
water content of casein BRP prior to the test by heating at
60°C in vacuo for 4 h.) Add 60 mL of waterR and stir with
a magnetic stirrer until the solution is practically clear. Adjust
to pH 8.a with 0.1 M sodium hydroxide or 0.1 1'-1 hydrochloric
acid. Dilute to 100.0 mL with waterR. Use the solution on
the day of preparation.

Enterokinase solution Dissolve 50 mg of enterokinase BRP in
0.02 M 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 waterformed by condensation, allow the
preparation to be examinedand the reference preparation to reach
room temperature befo~e opening the containers.

For the test: suspension and the reference suspension, prepare the
suspension and carry out the dilution at 0-4 0 C.
Testsuspension Triturate 0.100 g of the substance to be
examined for 5 min adding gradually 25 mL of 0.02 l\II
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calcium chloride solution R. Transfer completely to a
volumetric flask and dilute to 100.0 mL with 0.02 M calcium
chloride solution R. To 10.0 mL of this suspension add
10.0 mL of the 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
millilitre calculated on the basis of the stated activity.

Reference suspension Prepare a suspension ofpancreas powder
(protease) BRP as described for the test suspension but
without the addition of enterokin.ase so as to obtain a 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, T b, SI' SIb' Sz, SZb' S3' S3b;

designate a tube B.
Add borate buffer solution pH 7.5 R to the tubes as follows:

B: 3.0 mL;

SI and SIb: 2.0 mL;

Sz, S2b' T and T b: 1.0 mL.
Add the reference suspension to the tubes as follows:

s, and SIb: 1.0 mL;

Sz and SZb: 2.0 mL;

S3 and S3b: 3.0 mL.

Add 2.0 mL of the test suspension to tubes T and T b•

Add 5.0 mL of a 50 gIL solution of trichloroacetic acidR to
tubes B, SIb' SZb' S3b and 'r, Mix by shaking.
Place the tubes and the casein solution in a water-bath at
35 ± 0.5 DC. Place a glass rod in each tube. When
temperature equilibrium is reached, add 2.0 mL of the casein
solution to tubes B, SIb' SZb' S3b and 'r, Mix. At time zero,
add 2.0 mL of casein solution successively and at intervals of
30 s to tubes Sl' Sz, S3 and T. Mix immediately after each
addition. Exactly 30 min after addition of the casein solution,
taking into account the regular interval adopted, add 5.0 mL
of a 50 gIL solution of trichloroacetic acidR to tubes Sl' Sz,
S3 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 acidR, then with waterR and dried.

A suitable filter paper complies with the following test: filter
5 mL of a 50 gIL solution of trichloroacetic acidR 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.

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 Sl' Sz and S3 by subtracting the average
values obtained for the filtrates from tubes SIb' SZb and S3b

respectively. Draw a calibration curve of the corrected values
against the volume 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.

2020

Table 0350.-1

Tubes

SI SIb Sz SZb S3 S3b T Tb B

Buffer solution 2 2 1 1 3

Reference suspension 1 1 2 2 3 3

Test suspension 2 2

Trichloroacetic acid 5 5 5 5 5
solution

Mix + + + + +
Water-bath 35°C + + + + + + + + +
Casein solution 2 2 2 2 2

Mix + + + + +
Casein solution 2 2 2 2

Mix + + + +
Water-bath 35 °C 30 min + + + + + + + + +
Trichloroacetic acid 5 5 5 5
solution

Mix + + + +
Room temperature + + + + + + + + +
20 min

Filter + + + + + + + + +

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 testis carried
out undernitrogen.
Olive oil stock emulsion In an 800 mL beaker 9 em in
diameter, place 40 mL of olive oilR, 330 mL of acacia
solution R and 30 mL of waterR. Place an electric mixer at
the bottom of the beaker; Place the beaker in a vessel
containing ethanol (96 per cent) R and a sufficient quantity of
ice as a cooling mixture. Emulsify using the mixer at an
average speed of 1000-2000 r/min. Cool to 5-10 DC. Increase
the mixing speed to 8000 r/min. 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 urn. Shake the
emulsion thoroughly before preparing the emulsion substrate.

Oliveoilemulsion For 10 determinations, mix the following
solutions in the order indicated: 100 mL of the stock
emulsion, 80 mL of tris(hydroxymethy1)aminomethane
solution Rl, 20 mL of a freshly prepared 80 gIL of sodium
taurocholate 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 DC;
- 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
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washed several times with water R, the washings being
removed each time by suction.

To avoid absorption of waterformed by condensation, allow the
preparation to be examined and the reference preparation to reach
room temperature before opening the containers.
For the testsuspension and the reference suspension, prepare the
suspension and carryout thedilution at 0-4 "C.
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.Eur. U. of lipolytic activity with
1 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.OR, transfer
quantitatively to a volumetric 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 ofpancreas powder
(lipase) BRP as described for the test suspension using a
quantity equivalent to about 2500 Ph. Eur. U.
Carryout the titr~?Rns immediately after preparation of the
test suspension and 'the reference suspension. Place 29.5 mL
of olive oil emulsion in the reaction vessel equilibrated at
37 ±,O.5 "C. Fit tl1evessel with the eleetrodes, a stirrer and
the burette (the tip ,being immersed in the olive oil
emulsion).

Put the lid in place and switch on the apparatus. Carefully
add 0.1 M sodium hydroxide with stirring to adjust to pH 9.2.
Using a rapid-flow graduated pipette transfer about 0.5 mL
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 volume
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 (51)' Make 2 further determinations
(Sz and S3). Calculate the average of the values SI, S2 and
S3. The average volume of 0.1 M sodium hydroxide used
should be about 0.12 m.Lper minute with limits of 0.08 mL
to 0.16 mL.
Carry out 3 determinations in the same manner for the test
suspension (TI , T 2 and T 3).lfthe quantity of 0.1 M 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 TilT2 and T 3'

Calculate the activity in European Pharmacopoeia Units per
milligram using the following expression:

Pancreatic Extract II-527

Starch solution To a quantity of starch BRP equivalent to
2.0 g of the dried substance add 10 mL of water R and mix.
(Determine the water content of starch BRP prior to the test
by heating at 120 "C for 4 h). Add this suspension, whilst
stirring continuously, to 160 mL of boiling water R. Wash the
container several times with successive quantities, each of
10 mL, of water R 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 avoidabsorption of waterformed by condensation, allow the
preparation to beexamined and the reference preparation to reach
room temperature before opening the containers.

Forthe testsuspension and the reference suspension, prepare the
suspension and cany out the dilution. at 0-4 aC.

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 R1
for 15 min. Transfer quantitatively to a volumetric flask and
dilute to 100.0 mL with phosphate buffer solution
pH 6.8 RI.

Reference 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 R1
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. Mix and place the tube in the water-bath. After
exactly 10 min, add 2 mL of 1 M hydrochloric acid. Transfer
the mixture quantitatively to a 300 mL conical flask fitted
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.
Add 4 mL of a mixture of 1 volume of sulfuric acidRand
4 volumes of water R. Titrate the excess of iodine with 0.1 M
sodium thiosulfate using a microburette. Carry out a blank
titration adding the 2 mL of 1 M hydrochloric 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 »'i-», are between
1.9 mL and 3.6 mL.
Calculate the amylolytic activity in European Pharmacopoeia
Units per milligram using the following expression:

n average volume of 0.1 M sodium hydroxide used per minute
during the titration of the test suspension, in millilitres;

nl average volume of 0.1 M sodiumhydroxide used per minute
during the titration of the reference suspension, in miIIiIitres;

m mass of the substance to be examined, in milligrams;
ml mass of the reference preparation, in milligrams;
A activity of pancreas powder(lipase) BRP, in European

Pharmacopoeia Units per milligram.

Amylolytic activity
The amylolytic activity is determined by comparing the rate
at which a suspension ofpancreas powder hydrolyses a
substrate of starch solution with the rate at which a
suspension of pancreas p()17Jlder (amylase) BRP hydrolyses the
same substrate under the same conditions.

n

n'

volume of 0.1 M sodiumthiosulfate used in the titration of the
test suspension, in millilitres;
volume of 0.1 M sodiumthiosulfate used in the titration of the
reference suspension, in millilitres;
volume of 0.1 M sodiumthiosulfate used in the blank titration of
the test suspension, in millilitres;
volume of 0.1 M sodiumthiosulfate used in the blank titration of
the reference suspension, in miIIilitres;
mass of the substance to be examined, in milligrams;
mass of the reference preparation, in milligrams;
activity of pancreas powder(amylase) BRP, in European
Pharmacopoeia Units per milligram.
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PhEur _

(ph. Eur. monograph 0681)

Pancuronium Bromide

733 15500-66-0

Action and use
Non-depolarizing neuromuscular blocker.

Preparation
Pancuronium Injection

o~~
I

CH3

0"

H3CA~

STORAGE
Pancreatin should be stored at a temperature not exceeding
15°.

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.

DEFINITION
1,I'-[3ct, 17~-Bis(acetyloxy)-5Cl-androstane-2~, 16~-diyl]bis(l
methylpiperidinium) dibromide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White, yellowish-white or slightlypink, 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 (2.2.24).

Comparison pancuronium bromide CRS.

B. It gives reaction (a) of bromides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2~

Method II).

Dissolve 50 mg in waterR and dilute to 25 mL with the
same solvent.

Specific optical rotation (2.2.7)
+ 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 (2.2.27). Prepare the solutions
immediately before use.

Action and use
Enzyme; treatment of pancreatic exocrine deficiency.

Preparations
Pancreatin Gastro-resistant Capsules

Pancreatin Granules

Pancreatin Gastro-resistant Tablets

Pancreatin

DEFINITION
Pancreatin is a preparation of mammalian pancreas
containing enzymes having protease, lipase and amylase
activity. It may contain Sodium Chloride.

Potency
Pancreatin contains in 1 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.

IDENI1FICATION
A. It demonstrates free protease activity in the Assay for Free
protease activity.

B. Triturate 0.25 g with 10 mL of waterand 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
dilute to 150 mL with water. 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 mixture 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 spirit (boiling range, 40° to 60°) for
3 hours in an apparatus for the continuous extraction of drugs,
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.

Microbial contamination
1 g is free from Escherichia cob; 109 is free from Salmonella,
Appendix XVI B1.

ASSAY
Carry out the Assay of pancreatin, Appendix XN 1.

STORAGE
In an airtight container.
____________________ PhEur
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CHs OH

"':.HON
, I
H CH3 2 sr

ON"': 7
. I .

CH3

oJ

~cA~

D. I-[3C(,17~-bis(acetyloxy)-2~-(piperidin-I-yl)-5C(-androstan

16~-yl]-1-methylpiperidinium bromide (vecuronium
bromide),

E. 2~,16~-bis(piperidin-1-yl)-5C(-androstane-3C(,17~-diyl
diacetate,

c. 1,1'-(3C(,17/3--dihydroxy-SC(-androstane-2~,I6~-diyl)bis(I

methylpiperidinium) dibromide,

A. 1,1'- [3C(-(acetyloxy)-17~-hydroxy-5C(-androstane-2~, 16~
diyl]bis(l-methylpiperidinium) dibromide (dacuronium
bromide),

B. 1,1'-[17~-(acetyloxy)-3C(-hydroxy-5C(-androstane-2~,I6~
diyl]bis( I-methylpiperidinium) dibromide,

Testsolution 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 of pancuronium
bromide for system suitability CRS (containing 1.0 per cent of
impurity D) in 1.0 mL of methylene chloride R.
Plate TLC silica gelplate R (2-10 urn).

Mobile phase 400 gIL solution of sodium iodide R,
acetonitrile R, 2-propanol R (5:10:85 V/V/V).

Application 5 ilL.
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 nitrite R
and allow to dry f@.J;;!.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 clearlyseparated 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:
- impurities 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 impurities: any other spot is not more intense
than the spot in the chromatogram obtained with
reference solution (a) (0.10 per cent).

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 gin 50 mL of acetic anhydride R, heating if
necessary. Titrate with 0.1 M perchlonc acid, determining the
end-point potentiometrically (2.2.20).
1 mL of 0.1 M perchloric acid is equivalent to 36.63 mg
of C3sH60BrzNz04.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, D.
Other detectable 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 other/unspecified impurities and/or by the general
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identz'fy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, C, E.

www.webofpharma.com



11-530 Pantoprazole Sodium Sesquihydrate 2020

Reference solution (b) Dissolve 2.5 mg of pantoprazole for
system suitability CRS (containing impurities A, B, C, D and
E) in the solvent mixture and dilute to 5.0 mL with the
solvent mixture.

Column:
- size: l =0.125 m, 0 = 4 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 11m);
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: 1.74 gIL solution of dipotassium hydrogen

phosphate R adjusted to pH 7.00 ± 0.05 with a 330 gIL
solution of phosphoric acidR;

- mobile phase B: acetonitrile for chromatography R;

Pantoprazole Sodium
Sesquihydrate
(Ph. Eur. monograph 2296)

F--<O~NNa OCH3

'L(N~ lYOCH3
F ~ I

and enantiomer ° N #

164579-32-2

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

Preparations
Pantoprazole for Injection

Gastro-resistant Pantoprazole Tablets

PhEur _

Time
(min)

0-40

40 - 45

Mobile phase A
(per cent VIP)

80 -> 20

20 -> 80

Mobile phase B
(per cent VIV)

20 -> 80

80 -> 20

DEFINITION
Sodium 5-(difiuoromethoxy)-2- [(RS)- [(3,4-dimethoxypyridin
2-yl)methyl]sulfinyl]benzimidazol-l-ide sesquihydrate.

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

PRODUCTION
It is produced by methods of manufacture designed to
guarantee the proper hydrate form and it complies, if tested,
with a suitable test that demonstrates its sesquihydrate nature
(for example near-infrared spectroscopy (2.2.40) or X-ray
powder diffraction (2.9.33)).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water and in ethanol (96 per cent),
practically insoluble in hexane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison pantoprazole 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, MethodII).
Dissolve 0.20 g in waterR and dilute to 20.0 mL with the
same solvent.

Optical rotation (2.2.7)
-0.40 to + 0.4°.

Dissolve 0.2 gin 10 mL of waterR. Adjust to pH 11.5-12.0
with an 8 gIL solution of sodium hydroxide R. Dilute to
20.0 mL with water R.

Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, 40 mgIL solution of sodium
hydroxide R (50:50 VIV).

Testsolution Dissolve 23 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.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 290 nm and, for
impurity C, at 305 nm.

Injection 20 J.LL.
Identification of impurities Use the chromatogram supplied
with pantoprazcle for system su£tabilz"ty CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, D + F and E.

Relativeretention With reference to pantoprazole (retention
time =about 11 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.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities E and D + F;
- the chromatogram obtained is 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 with reference
solution (a) (0.2 per cent);

- sum of impurities D and F: not more than twice the area of
the principal peak in 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 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)
(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)
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 add R, add
5 mL of acetic anhydride R and mix for at least 10 min.
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Titrate with 0.1 .LVI perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 20.27 mg
of C16H14FzN3Na04S,

STORAGE
Protected from light.

IMPURITIES
Specified impurities A} B} CJ D} E} F.

A. 5-(difluoromethoxy)-2-[[(3,4-dimethoxypyridin-2-yl)
methyl] sulfonyl]-lH-benzimidazole,

B. 5.;.(difluoromethoxy)-2-[[(3,4-dimethoxypyridin-2-yl)
methyljsulfanylj-Iff-benzimidazole,

C. 5-(difluoromethoxy)-lH-benzimidazole-2-thiol,

o-Q "CH3
\. # N OCH3

F-( ~ ~OCH and enantiomer
F N S I ~ 3

II
o N.#

D. 5-(difluoromethoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-yl)
methyl] sulfinyl]-l-methyl-lH-benzimidazole,

E. mixture of the stereoisomers of6,6'-bis(difluoromethoxy)
2,2'-bis[[(3,4-dimethoxypyridin-2-yDmethyl]s~finyl]

IH,l 'H-5,5'-bibenzimidazolyl,

Papaveretum 11-531

and enantiomer

F. 6-(difluoromethoxy)-2-[(RS)-[(3,4-dimethoxypyridin-2-yl)
methyl]sulfinyl]-1-methyl-1H-benzimidazole.

-------------- PhEur

Papaveretum
Action and use
Opioid receptor agonist; analgesic.

DEFINITION
Papaveretum is a mixture of 253 parts of Morphine
Hydrochloride (C17H19N03,HCI,3HzO, 375.9), 23 parts of
Papaverine Hydrochloride (CZOHZIN04,HCI, 375.9) and 20
parts of Codeine Hydrochloride (ClsHzlN03,HCI,2HzO,
371.9). It contains not less than 80.0% and not more than
88.4% of C17H19N03,HCI, not less than 8.3% and not more
than 9.2% of CZOHZIN04,HCI and not less than 6.6% and
not more than 7.4% of ClsHzlN03,HCI, calculated with
reference to the dried material.

CHARACTERISTICS
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 III A, using the following solutions in water.
(1) 1.5% w/v of the substance being examined.

(2) 1.28% w/v of morphine sulfate BPCRS.
(3) 0.115% w/v of papaverine hydrochloride BPCRS.
(4) 0.11% w/v of codeine phosphate BPCRS.

CH~OMATOGRAPHIC CONDITIONS

(a) Use a silica gel precoated plate (Merck silica gel 60 plates
are suitable).

(b) Use the mobile phase as described below.

(c) Apply 10 ilL of each solution.

(d) Develop the plate to 15 cm.

(e) After removal of the plate, dry at 1000 to 1050 for
15 minutes, allow it to cool and spray with potassium
iodobismuthate solution and then with a 0.4% v/v solution of
sulfuric acid.

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 with solutions
(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.
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II-532 Papaverine Hydrochloride 2020

PhEur _

(ph. Bur. monograph 0102)

61-25-6

, Hel

375.9

Action and use
Phosphodiesterase inhibitor; smooth muscle relaxant.

Preparation
Papaverine Injection

Papaverine Hydrochloride

DEFINITION
1-(3,4-l)imethoxybe~I)-6,7-dirnethoxyisoquinolU1e

hydrochloride.

Content
99.0 per cent to 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).

IDENfIFICATION
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 papauerine
hydrochloride CRS in methanol R and dilute to 10 mL with the
same solvent.

Plate TLC silica gelGF2s4 plateR.
Mobile phase diethylamine R, ethylacetate R, toluene R
(10:20:70 V/V/V).

Application 10!J.L.

Development Over 2/3 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
ammonia R 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).

Clarity and colour of solution
A 1.5% w/v solution in water is clear, Appendix IV A, and
not more intensely coloured than reference solution BYs,
Appendix N B, Method II.

Loss on drying
\Vhen dried to const-ant weight at 130°, loses not less than
10.0% and not more than 14.0% of its weight. Use 0.5 g.

ASSAY
Carry out the method for liquidchromatography,
Appendix III D, using the following solutions in methanol
(60%).

(1) 0.15% w!v of the substance being examined.

(2) 0.128% w/v of morphine sulfate BPCRS.
(3) 0.128% w/vof morphine sulfate BPCRS, 0.0115% w/vof
papaverine hydrochloriik BPCRS and 0.011 % w/v of codeine
phosphate BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (10 em x 4.6 mm) packed
with end-capped oaadecylsilyl silica gelfor chromatography
(5 urn) (Nucleosil CIS is suitable).

(b) Use isocratic elution and the mobile phase described
below.

(c) Use a flow rate of2 mL per minute.

(d) Use an ambient column temperature.

(e) Use a detection wavelength of285 nm,

(f) Inject 20 !JL of each solution.

MOBILE PHASE

O.OIM sodiumacetate and O.005M dioctyl sodium sulfosuccinate
in methanol (60%) adjusted to pH 5.5 with glacial acetic acid.

SYSTEM SUITABILITY

If necessary, adjust the proportion of methanol in the mobile
phase in the range 55% vlv to 65% v/v so that the retention
time of morphine in solution (2) is 4 to 5 minutes. Adjust
the pH of the mobile phase with either glacial acetic acidor
2M sodium hydroxide in order to obtain optimum separation of
the three principal components in solution (3). The retention
times of codeine and papaverine relative to that of morphine
are about 1.3 and 1.7 respectively.

DETERMINATION OF COl'.llENT

For anhydrous morphine hydrochloride
Calculate the content of C17H19N 0 3,H CI using the declared
content of C17H1gN0 3 in morphine sulfate BPCRS. Each mg
of C17H19N03 is equivalent to 1.13 mg of C17H19N03,HCl.

For papaverine hydrochloride
Calculate the content of C2oH21N04,HCI using the declared
content of CzoH21NOJ!)HCl in papasierine
hydrochloride BPCRS.

For anhydrous codeine hydrochloride
Calculate the content of ClsH21N03,HCI using the declared
content of C 1sHz1N03 in codeine phosphate BPCRS. Each mg
of ClsH21N03 is equivalent to 1.09 mg of ClsHzlN03,HCI.

STORAGE
Papaveretum should be protected from light.
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TESTS
Solution S
Dissolve 0.4 g in carbon dioxide-free waterR, 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 (2.2.2~ Method 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 VIV).

Test solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0mL 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 mk.with the solvent mixture.

Reference solution (b),' Dissolve 12 mg of noscapine CRS in
1.0mL ofthe test solution and dilute to 100.0 mL with the
solvent mixture,

Column:
- ~e: l= '0.25 m, (2) = 4.0 mm;
- stationary phase: base-deactivated octylsilyl silica gelfor

chromatography R (5 urn).

Mobilephase:
- mobile phaseA: 3.4 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with dilute phosphoric
acid R;

- mobile phaseB: acetonitrile R;
- mobile phase C: methanolR;

Time Mobile phase A Mobile phase B Mobile phase C
(min) (per cent VIVIP) (per cent VIV/Ii') (per cent VIVIP)

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 40 20 40

27 -32 40 -+ 85 20 ...... 5 40 ...... 10

Flow rate 1 mUmin.
Detection Spectrophotometer at 238 run.

Injection 10 IlL.
Relatioe retention With reference to 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 suz"tability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity A and papaverine.

Limits:
- correction factors: for the calculation of contents, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 6.2;
impurity C = 2.7; impurity D = 0.5;

- any 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);

Papaverine Hydrochloride 11-533

- 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 DC.

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
hydrochloric acidand 50 mL of alcohol 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 M sodiumhydroxide is equivalent to 37.59 mg of
CzoHzzClN04.

IMPURITIES

o

o

<o

A. (3S)-6~7-dimethoxy-3- [(5R)-4-methoxy-6-methyl-5,6,7,8
tetrahydro-l ,3-dioxolo [4,5-g] isoquinolin-5-yl]
isobenzofuran-1 (3H)-one (noscapine),

and enantiomer

B.{RS)-(3,4-dimethoxyphenyl) (6,7-dimethoxyisoquinolin-1
yl)methanol (papaverinol),

C. 1-(3,4-dimethoxybenzyl)-6,7-dimethoxy-3,4
dihydroisoquinoline (dihydropapaverine),

and enantiomer

D. (3,4-dimethoxyphenyl) (6,7-dimethoxyisoquinolin-1-yl)
methanone (papaveraldine),
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____________________ PhEur

(Ph. Bur. monograph0049)

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

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

IDENTIFICATION
First identification: 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 be
examined and paracetamol CRS and determine the melting
point of the mixture.

ResultB The absolute difference between the melting point
of the mixture and the value obtained in determination A is
not greater than 2 "C,

E. Infrared absorption spectrophotometry (2.2.24).

Comparison paracetamol CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture methanolR, waterR (15:85 V/V).

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 immediately before use. Dissolve
5.0 mg of paracetamol impurityK CRS and 5 mg of
paracetamol·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 paracetamol
impurityJ 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.

Precolumn:
- size: 1=0.005 m, 0 =2.1 rom;
- stationary phase: end-capped solid core octadecylsilyl silica gel

for chromatography R (2.7 J.lIIl).

Column:
- size: 1=0.10 m, 0 =2.1 mID;
- stationary phase: end-capped solid core octadecylsi1)Jl silica gel

for chromatography R (2.7 urn),
- temperature: 30 "C.

Mobile phase:
- mobile phaseA: dissolve 1.7 g of potassium dihydrogen

phosphate R and 1.8 g of dipotassium hydrogen phosphate R
in waterfor chromatography R and dilute to 1000 mL with
the same solvent;

- mobile phaseB: methanolR;

103-90-2

and enantiomer

151.2

D
OH

o I
H C)l.N #

3 H

Action and use
Analgesic; antipyretic.

Preparations
Co-codamol Tablets

Co-codamol Capsules

Co-codamol Effervescent Tablets

Paracetamol Effervescent Tablets

Co-dydramol Tablets

Co-proxamol Tablets

Paracetamol Capsules

Paediatric Paracetamol Oral Solution

Paediatric Paracetamol Oral Suspension

Paracetamol Oral Suspension

Paracetamol Suppositories

Paracetamol Tablets

Paracetamol and Caffeine Tablets

Paracetamol and Caffeine Soluble Tablets

Paracetamol Dispersible Tablets

Paracetamol Soluble Tablets
Paracetamol, Codeine Phosphate and Caffeine Capsules

Paracetamol, Codeine Phosphate and Caffeine Tablets

Paracetamol

F. 2-(3,4-dimethoxyphenyl)-N-[2-(3,4
dimethoxyphenyl) ethyl]acetamide.

E. (lRS)-l ;..(3,4-dimethoxybenzyl)-6,7-dimethoxy-1,2,3,4
tetrahydroisoquinoline (tetrahydropapaverine),

PhEur _

DEFINITION
N-(4-Hydroxyphenyl) acetamide.

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

0-1

1 - 10

10 - 20

20 - 40

40 - 50

Mobile phase A
(per cent Viii')

95

95 -+ 90

90

90 -+ 66

66

Mobile phase B
(per cent VIJI)

5

5 -+ 10

10

10 -+ 34

34

Paracetamol 11-535

in substances for pharmaceutical use) A, B, C, D, E, F, G, H,
I, L,M, N.

H0X)o I
HC)lN #

3 H

Flow rate 0.3 mlJmin.
Detection Spectrophotometer at 254 nm.

Injection 5~.

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.
Relatiue retention With reference to paracetamol (retention
time =about 4 min): impurity K =about 0.4;
impurity J =about 10.1.

System su£tabilizy Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity Kand paracetamol.

Calculation of percentage contents:
- forimpurity], use the concentration of impurity J in

reference solution (c);
- for impurity K, use the concentration of impurity K in

reference solution (b);
- for impurities other than J and K, use the concentration

of paracetamol in reference solution (a).

Limits:
- impurity K: maximum 50 ppm;
- impurity J: maximum 10 ppm;
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.03 per cent, except for impurities J

andK.

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 a mixture of 10 mL of waterRand
30 mL of dilute sulfuric acid 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 dilute hydrochloric add Rand 0.1 mL of
ferroin R. Titrate with 0.1 M cerium sulfateuntil a greenish
yellow colour is obtained. Carry out a blank titration.

1 mL of 0.1 M cerium sulfate is equivalent to 7.56 mg of
CSH9N02 •

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities J, K

Other detectable impurities (the follow£ng substances would, if
presentat a sufficient level, be detected by one or otherof 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 use (2034). It 'is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities

A. N-(2-hydroxyphenyl)acetamide,

B. N-(4-hydroxyphenyl)prop anamide,

CI

b aH
a I

HC)lN #.
3 H

e.N-(3-chloro-4-hydroxyphenyl)acetarnide,

D. N-phenylacetamide,

NoH
H'C~

o

E. 1-(4-hydroxyphenyl) ethan-l-one,

F. 4-nitrophenol,

NoH
~c~

N
I
OH

G. [1-(4-hydroxyphenyl) ethylidene]hydroxylarnine,

H. 4-acetarnidophenyl acetate,

I. 1-(2-hydroxyphenyl) ethan-l-one,

O
CI

o I
H C)lN .#

3 H

J. N-(4-chlorophenyl) acetamide (chloroacetanilide),
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11-536 Paraffin

K. 4-aminophenol,

L. N- [4-(4-acetamido-2-hydroxyphenoxy)phenyl]acetamide,

HOD·.~O.IOH
~I ~I

N
H

M. 4,4'-azanediyldiphenol,

N. N,N'- [oxydif4,1-phenylene)]diacetamide.
____________________ PhEur

Hard Paraffin
(Ph. Bur. monograph 1034)
PhEur _

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 identification: 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
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 1 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 0.01 M
sodium hydroxide is required to change the colour of the
indicator to red. To a further 10 mL of the aqueous layer

2020

add 0.1 mL of methylredsolution R. The solution is yellow.
Not more than 0.5 mL of 0.01 M hydrochloric 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 rnL of heptane R and place in a
125 rnL separating funnel with unlubricated ground-glass
parts (stopper, stopcock). Add 5.0 mL of dimethylsulfoxide R.
Shake vigorously for 1 min and allow to stand until 2 clear
layers are formed. Transfer the lower layer to a 2nd

separating funnel, add 2 mL of heptane R 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 265 nm and 420 nm using as the
compensation liquid the clear lower layer obtained by
vigorously shaking 5.0 mL of dimethylsulfoxide R with 25 mL
of heptane R for 1 min. Prepare a 7.0 mgIL reference solution
of naphthalene R in dimethylsulfoxide R and measure the
absorbance of this solution at the absorption maximum at
278 nm using dimethyl sulfoxide R as the compensation liquid.
At wavelengths from 265 nm to 420 nm, the absorbance of
the test solution is not greater than one-third that of 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
1 min and filter.

STORAGE
Protected from light.
_ PhEur

Light Liquid Paraffin
(Ph. Bur. monograph 0240)

Preparation
Light Liquid Paraffin Eye Drops
PhEur _

DEFINITION
Purified mixture 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.
Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of liquidparaffin.

B. In a test tube cautiously boil 1 mL with 1 rnL of 0.1 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 phenolphthalein solution R.
The solution becomes red.
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C. Viscosity (see Tests).

TESTS
Acidity or alkalinity
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
solution R. The solution is colourless. Not more than 0.1 mL
of 0.1 M sodium 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 mf'a-s to 80 ml'a-s,

Polycyclic' aromatic hydrocarbons
Use reagents for ultravioletspectrophotometry.

Introduce 25.0 mL into a 125 mLseparating funnel with
unlubricated ground-glass parts (stopper, stopcock).
Add.25 mL of,hexane R which has been previously shaken
twice with one-fifthits volume of dimethyl sulfoxide R.
MiX.' and add 5:0 nit of dimethyl sulfoxide R. Shake vigorously
for Imin andallow to stand until 2 clear layers are formed.
Transfer the lower layer 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 lower layer and
meas~re 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 mg/L reference solution of naphthalene R in
trimethylpentane R and measure the absorbance of the
solution at the absorption maximum at 275 nm, using
trimethylpentane 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 run.

Readily carbonisable substances
Use a ground-glass-stoppered tube about 125 nun long and
18 mm in internal diameter, graduated at 5 mL and 10 mL;
wash with hot water R (temperature at least 60 DC),
acetone R, heptaneR and finally with acetone R, dry at
100-110 DC. Cool in a desiccator. Introduce 5 mL of the
substance to be examined and add 5 mL of nitrogen-free
sulfuric acidR1. 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 tube 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
tube 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~ Method I) 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 hydrochloric acid R.

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
sulfuric acidR. Place in a glass tube with an internal diameter
of about 25 mm, 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.

Paraffin 11-537

STORAGE
Protected from light.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevantcontrol parameters for oneor more
functions ofthesubstance when used as an excipient (see chapter
5.15). Same ofthe characteristics described in the Functionality
related characteristics section may also be presentin the mandatory
part of the monographsince they alsorepresent mandatoryquality
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is includedin the Functionality-related
characteristics section. Controlof the characteristics can contribute
to the quality ofa medicinalproductby improving the consistency
of the manufacturingprocess'and the performance of the medicinal
product during use. Wherecontrol methods are cited, they are
recognised as beingsuitable for thepurpose) but othermethods can
alsobe used. Whereverresults for a particularcharacteristic are
reported; the control method must be indicated.

The following characteristic may be relevantfor light liquid
paraffin used as emollient in ointments, as vehicle in eye
preparations or as lubricantin tablets and capsules.

Viscosity
(see Tests).
_____________________ PhEur

Liquid Paraffin
(Ph. Eur. monograph. 0239)

Action and use
Faecal softener.

Preparations
Liquid Paraffin Oral Emulsion

Liquid Paraffin and Magnesium Hydroxide Oral Emulsion

PhEur _

DEFINITION
Purified mixture 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.

Second identification: B~ C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of liquidparaffin.

B. In a test tube cautiously 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 phase add 0.1 mL of phenolphthalein solution R.
The solution becomes red.

C. Viscosity (see Tests).
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TESTS
Acidity or alkalinity
To 10 rnL 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
solution R. The solution is colourless. Not more than 0.1 mL
of 0.1 NI sodium hydroxide is required to change the colour of
the indicator to pink.

Relative density (2.2.5)
0.827 to 0.890.

Viscosity (2.2.9)
110 ml'a-s to 230 mf'a-s,

Polycyclic aromatic hydrocarbons
Use reagents for ultraviolet 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 dimethylsulfoxide R. Shake vigorously
for 1 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 run and
420 run, using as the compensation liquid the clear lower
layer obtained by vigorously shaking 5.0 mL of dimethyl
sulfoxide R with 25 mL of hexaneR for 1 min. Prepare a
7.0 mgIL reference solution of naphthalene R in
trimethylpentane R and measure the absorbance of the
solution at the absorption maximum at 275 nm, using
trimethylpentane 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 nm.

Readily carbonisable substances
Use a ground-glass-stoppered tube about 125 mrn long and
18 mmin internal diameter, graduated at 5 mL and 10 mL;
wash with hot waterR (temperature at least 60°C),
acetone'R, heptane R and finally 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-free
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, immediately place the tube in a water
bath avoidinz contact of the tube with the bottom or side of
the bath, and

o

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
tube 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 gfor 5 min. The lower layer is not more
intensely coloured (2.2.2, Method1) 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 hydrochloric acid R.

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
sulfuric acid R. Place in a glass tube with an internal diameter
of about 25 mm, 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.

2020

STORAGE
Protected from light.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section 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 the characteristics described in the Functionality
related characteristics section may also bepresent 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
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
productduring use. W'here control methods are cited, they are
recognised as being suitable for the purpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reported, the control method must be indicated.

The following characteristic may be relevant for liquidparaffin
used as emollient in ointments or as lubricant in tablets and
capsules.

Viscosity
(see Tests).
_____________________ PhEur

White Soft Paraffin
White Petroleum Jelly

(ph. Bur. monograph 1799)
PhEur _

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.

Secondidentification: 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
uniformity. 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 fill it completely. Allow
the filled cup to cool for 30 min on the plate or the 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).
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Preparation Place about 2 mg on a sodium chloride R plate,
spread the substance with another sodium chloride R plate and
remove 1 of the plates.

Comparison Repeat the operations using whitesoft
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 white. Melt 12 g on a water-bath.
The melted mass is not more intensely coloured than a
mixture of 1 volume ofyellow primary solution and
9 volumes of a 10 gIL solution of hydrochloric acidR (2.2.2,
Method II).

Acidity or alkalinity
To 10 g add 20 .mls.of boiling water R and shake vigorously
for tmin. 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 0.01 M
sodium hydroxide is required to change the colour of the
indicator to red.

Consistency (2.9.9)
60 to 300.

Polycyclic aromatic 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 dimethylsulfoxide 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 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 hexaneR for 1 min. Allow to stand
until 2 clear layers are formed. Separate the lower layer and
dilute to 50.0 mL with dimethylsulfoxide R. Measure the
absorbance (2.2.25) over the range 260 run to 420 nm using
a path length of 4 em and as compensation liquid the clear
lower layer obtained by vigorously shaking 10 mL of dimethyl
sulfoxide R with 25 mL of hexaneR for 1 min. Prepare a
reference solution in dimethylsulfoxide 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 em and dimethylsulfoxide R as compensation liquid. At no
wavelength in the range 260 nm to 420 nm does the
absorbance of the test solution exceed that of the reference
solution at 278 nm.

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.
____________________ PhEur

Paraffin 11-539

Yellow Soft Paraffin
Yellow Petroleum Jelly

(Ph. Eur. monograph 1554)

Action and use
Excipient.

PhEur _

DEFINITION
Purified mixture of semi-solid hydrocarbons, obtained from
petroleum. It may contain a suitable antioxidant.

CHARACTERS
Appearance
Yellow, translucent, 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.

IDENI1FICATION
First identification: AJ BJ D.
Secondidentification: AJ CJ D.
A. The drop point (2.2.17) is 40 DC to 60 DC and does not
differ by more than 5 DC from the value stated on the label,
with the following modification to fill the cup: heat the
substance to be examined at 118-122 DC, with stirring to
ensure uniformity, then cool to 100-107 DC. Warm the metal
cup at 103-107 DC 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 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 DC 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 sodium chloride R plate,
spread the substance with another sodium chloride R plate and
remove 1 of the plates.

Comparison Repeat the operations using yellowsoft
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 (2.2.2J Method II).

Acidity or alkalinity
To 10 g 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)
100 to 300.
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_____________- PhEur

Pr'lEur _

Paraldehyde

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 acid R and heat.
Acetaldehyde, recognisable by its odour, is evolved.

C. To 5 mL of solution S in a test-tube add 5 mL of
ammoniacalsiloer nitrate solution R and heat in a water-bath.
Silver is deposited as a mirror on the wall of the tube.

TESTS
Solution S
Dissolve 20.0 mL in carbon dioxide-free water R 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 0.1 M sodiumhydroxide
is required to 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°C and a
minimum of 95 per cent distils below 126 JC.

Freezing point (2.2.18)
10°C to 13 °C.

Acetaldehyde
To 5.0 mL add a mixture of 0.2 mL of methyl orange
solution R, 5 mL of ethanol (60 per cent V/V) Rand 5 mL of
alcoholic hydroxylamine solution 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 acid Rand 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 1 mL of starch solution R as indicator. Allow
to stand for 5 min and, if necessary complete the titration.
Not more than 2.0 mL of 0.1 M 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 1 h. The residue weighs a maximum 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.
____________________ PhEur

123-63-7132.2

(ph. HUT. monograph 0351)

Action and use
Anticonvulsant.

DEFINITION
2A,6-Trimethyl-I,3,5-trioxane (cyclic trimer of
acetaldehyde) .

It may contain a suitable quantity of an antioxidant.

CH.i\RACTERS
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.

Polycyclic aromatic hydrocarbons
Use reagents for ultrasnolet absorption spectrophotometry
Dissolve 1.0 g in 50 mL of hexane R which has been
previously shaken twice with one-fifth its volume of dimethyl
sulfiJxide 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
d£met/7Jll sulfoxide 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) between 260 nm and 420 nm using a
path length. of 4 em and using as the compensation liquid the
clear lower layer obtained by vigorously shaking 10 mL of
dimethyl sulfoxide R with 25 mL of hexaneR for 1 min.
Prepare a 9.0 mg/L reference solution of naphthalene R in
dirn.eiir;l sulfoxide R and measure the absorbance of this
solution at the maximum at 278 nm using a path length of
4 em and using dimethyl sulfoxide R as the compensation
liquid. At no wavelength in the range of 260 nm to 420 nm
does the absorbance of the test solution exceed that of the
reference solution at 278 nm.

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.
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Action and use
Low molecular weight heparin.

0 .....
S03Na

n = 1 to 21 • R =H or S03Na I R' = S03Na or CO-CH3
R2 =Hand R3 =C0 2Na or R2 =C0 2Na and R3 =H

Paroxetlne Hydrochloride

78246-49-8

, HCI

365.8

FDI H
~"'h

0X)0~NH< I Ho ~

C19H21ClFN03

Action and use
Selective serotonin reuptake inhibitor; antidepressant.

Preparation
Paroxetine Tablets

Anhydrous Paroxetine Hydrochloride

(Ph. Eur. monograph 2283)

(Ph. Eur. monograph 1252)

Parnaparin Sodium

PhEur _

DEFINITIqN
Sodium salt of a lo\V~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
2-0-sulfo-a.-L-idopyranuronic acid structure at the non
reducing end and a 2-N,6-0-disulfo-D-glucosamine structure
at the reducing end of their chain.

Parnaparinsodium complies wz"th the monograph Loto-molecular
mass heparins (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 IV 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 1.5 and 3.0.

IDENTIFICATION
Carry out identification test A as described in the monograph
Low-molecular-mass heparins (0828) using pamaparin
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 M r 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, Method II).

Dissolve 1.5 g in 10 mL of waterR.
____________________ PhEur

PhEur --'- _

DEFINITION
(3S,4R)-3-[(1,3-Benzodioxol-5-yloxy)methyl]-4-(4
fluorophenyl)piperidine hydrochloride.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
ImpurityG
Maximum 1 ppm, determined by a suitable validated
method.

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Slightly soluble in water, freely soluble in methanol, sparingly
soluble in anhydrous ethanol and in methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison anhydrous paroxetine hydrochloride CRS.

If the spectra obtained in the solid state show differences,
mix 1 part of 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. It gives reaction (b) of chlorides (2.3.1).

TESTS
Impurity D
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 mobile phase.

Reference solution (a) Dissolve 5 mg of paroxetine
impurity D CRS in 2 mL of methanol R and dilute to
50.0 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the test solution.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.10 m, 0 = 4.0 rnm;
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- stationary phase: silica gelAGP for chiralchromatography R
(5 11m);

- temperature: 30 "C.

Mobile phase Dissolve 8.7 g of dipotassium hydrogen
phosphate R in 1000 mL of waterfor chromatography Rand
adjust to pH 6.5 with phosphoric acidR; mix 930 mL of this
solution and 70 mL of acetonitrile R.
Flow rate . 0.9 mIJmin.

Detection Spectrophotometer at 295 nm.

Injection 20 ul, of the test solution and reference
solutions (b) and (c).

Run time 2.5 times the retention time of paroxetine which is
about 12·min.

System suitability:
- peak-to-valley ratio: minimum 2.0, 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
curve separating this peak from the peak due to
paroxetine in the chromatogram obtained with reference
solution (b);

- signal-to-noise ratio: minimum 3 for the principal peak in
the chromatogram obtained with reference solution (c);

- symmetry factor: the requirements stated in chapter 2.2.46
are not applicable.

Limit:
---,- impurityD: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (c) (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture tetrahydrofuran R, water R (10:90 V/V).

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) Dilute 5.0 mL of the test solution to
50.0 mL with the solvent mixture.

Reference solution (b) Dissolve 5.0 mg of anhydrous paroxetine
hydrochloride impurityH CRS in 25 mL of tetrahydrofuran R
and dilute to 50.0 mL with waterR.

Reference solution (c) Dissolve 5 mg of anhydrous paroxetine
hydrochloride impurity C CRS in 25 mL of tetrahydrofuran R
and dilute to 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 solution (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. Dilute 1.0 mL of this solution to 10.0 mL with the
solvent mixture.

Reference solution (f) Dissolve 2.5 mg of paroxetine
impurityE CRS in the solvent mixture, add 2.5 mL of the
test solution and dilute to 100.0 mL with the solvent
mixture.

Reference solution (g) Dissolve 5 mg of paroxetine
impurityA CRS in the solvent mixture and dilute to SOmL
with the solvent mixture. Use this solution to identify the
peak due to impurity A.

Column:
~ - size: I = 0.25 m, 0 =4.6 rom;

- stationary phase: end-capped octylsilyl silica gelfor
chromatography R (5 urn);

- temperature: 40°C.

2020

lvlobile phase:
- mobile phaseA: trifluoroacetic acid R, tetrahydrofuran-R,

waterR (5:100:900 V/VfV);
- mobile phaseB: trifluoroacetic acidR, tetrahydrofuran R,

acetonitrile R (5:100:900 VfVfV);

Time Mobile phase A Mobile phase B
(min) (per cent VJJl) (per cent VJJl)

0-30 80 20

30 - 50 80 -+ 20 20 -+ 80

50 - 55 20 80

55 - 60 20 -+ 80 80 -+ 20

60 - 65 80 20

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 295 nm.

Injection 20 ~ of the test solution and reference
solutions (d), (e), (f) and (g).

Relativeretention With reference to paroxetine (retention
time =about 28 min): impurity A = about 0.8;
impurity E = about 0.9; impurity C =about 1.5.

Relativeretention 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
with reference solution (f);

- signal-to-noise ratio: minimum 3 for the peak due to
paroxetine in the chromatogram obtained with reference
solution (e).

Limits:
- correction factors:for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C = 1.6;
impurity F = 1.7; impurity J = 1.3;

- impurityA: 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 C, F, J: for each impurity, not more than
0.2 times the area of the peak due to paroxetine in the
chromatogram. obtained with reference solution (d)
(0.1 per cent);

- unspecified impurities: for each impurity, not more than
0.2 times the area of the peak due to paroxetine in the
chromatogram. obtained with reference solution (d)
(0.10 per cent);

- total: not more than the area of the peak due to
paroxetine in the chromatogram obtained with reference
solution (d) (0.5 per cent);

- disregard limit: the area of the peak due to paroxetine in
the chromatogram obtained with reference 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 nm.

Injection Test solution and reference solutions (d) and (e).

Relative retention With reference to paroxetine (retention
time =about 28 min): impurity I = about 0.2;
impurity H = about 0.4.

System suitability Reference solution (e):
~ signal-to-noise ratio: minimum 3 for the peak due to

impurity H.
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Limits:
- impurities H, I: for each impurity, not more than the area

of the peak due to impurity H in the chromatogram
obtained with reference solution (d) (0.1 per cent).

Acetone (2.4.24, System B)
Maximum 3.5 per cent.

2-Propanol (2.4.24~ System 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 ina 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 solutib'n' (a) Dissolve 51.2 mg of paroxetine
hydrochloride hemihydrate CRS in waterR and dilute to
100.0 mL with 'the same solvent.

Reference soluuiJ~i{b) Dissolve 5.0 mg of paroxetine
hydrochloride hemihydrateCRS and 5 mg of paroxetine
impurity A CRS in water R and dilute to 10.0 mL with the
same solvent.

Column:
- size: 1= 0.25 m, (2) =4.6 rnrn;
- stationary phase: trimethylsz"hJ1 silica gelfor chromatography R

(5 urn).

Mobz7e phase Dissolve 3.85 g of ammonium acetate R in
water R, adjust to pH 5.5 with anhydrous acetic acid Rand
dilute to 600 mL with water R; add 400 mL of acetonitrile R;
slowly add, with stirring, 10 mL of triethylamine R and adjust
to pH 5.5 with anhydrous acetic acid R.

Flow rate 1 mUmin.

Detection Spectrophotometer at 295 nm.

Injection 10 j.tL.

Run time Twice the retention time of paroxetine.

System suitability Reference solution (b):
- resolution: minimum 2 between the peaks due to

paroxetine and impurity A.

Calculate the percentage content of C19Hz1ClFN03 using
the chromatogram obtained with reference solution (a) and
the declared content ofparoxetine hydrochloride
hemihydrate CRS.

STORAGE
In an airtight container, at a temperature not exceeding
25°C.

Il\1PURITIES
Specifiedimpurities A, C~ D~ F, G~ H, I~ J.
Other detectable impurities (the following substances would, if
presentat a sufficientlevel, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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 pharmaceuticaluse) B, E.

Paroxetine Hydrochloride 11-543

A. (3S,4R)-3- [(1,3-benzodioxol-5-yloxy)methyl] -4
phenylpiperidine (desfluoroparoxetine),

B. 1,3-benzodioxol-5-o1 (sesamo!),

F~

V···h ('I
0X)0~N~

< I H
a #

C. (3S,4R)-3-[(1,3-benzodioxol-5-yloxy)methyl]-1-benzyl-4
(4-fluorophenyl)piperidine (N-benzylparoxetine),

F:2b'""::::,I # ~

0X)0"'-"" NH< I H
o #

D. (3R,4S)- 3-[(l ,3-benzodioxol-5-yloxy)methyl] -4-(4
fluorophenyl)piperidine ( +)-trans-paroxetine),

and enantiomer

E. (3RS,4RS)- 3-[ (1,3-benzodioxol-5-yloxy)methyl]-4-(4
fluorophenyl)piperidine (cis-paroxetine),

O··h ('I
0X)0~N~

< I H
a #

F. (3S,4R)-3-[ (1,3-benzodioxol-5-yloxy)methyl]-1-benzyl-4
phenylpiperidine (N-benzyldesfluoroparoxetine),

G. 4-( 4-fluorophenyl)-1-methyl-l,2,3,6-tetrahydropyridine,
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F

- PhEur

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
water Rand 9 volumes of 2-propanol R and heat to 70°C to
dissolve. Recrystallise and record new spectra using the
residues.

B. Examine the chromatograms obtained in the test for
impurity D.

Injection Test solution and reference solution (c).

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. Water (see Tests).

D. It gives reaction (b) of chlorides (2.3.1).

TESTS
Impurity D
Liquid chromatography (2.2.29).

Test solution Dissolve 0.1000 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 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 paroxetine
impurity D CRS and 5 mg of paroxetine hydrochloride
hemihydrate CRS in 2 mL of methanol R and dilute to
100.0 mL with the mobile phase.

Reference solution (c) Dissolve 10 mg of paroxetine
hydrochloride hemihydrate CRS in 2 mL of-methanol Rand
dilute to 10.0 mL with the mobile phase.

Column:
- size: l= 0.10 m, 0 = 4.0 rom;
- stationary phase: silica gelAGPfor chiral chromatography R

(5 11m).

Mobile phase Mix 2 volumes of methanol Rand 8 volumes
of a 5.8 gIL solution of sodium chloride R.
Flow rate 0.5 mIJmin.

Detection Spectrophotometer at 295 nm.

Injection 10!1L of the test solution and reference
solutions (a) and (b).

Run time 2.5 times the retention time of paroxetine.

Retention time Paroxetine= about 30 min.

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 subtances
Liquid chromatography (2.2.29).

Solventmixture tetrahydrofuran R, water R (1:9 VIV).

110429-35-1374.8

F~

V H

O~:.:oH< I Ha #

I ~ H

/"-h

0=0.0l NH
< I H° #

Fl)I H
~"'h
HO~NH

H

Ph Eur _

Fl)I H/--,h ~

HO~NJJ
H

H. [(3S,4R)-1-benzyl-4-(4-fluorophenyl)piperidin-3-yl]
methanol,

J. (3S,4R)-3-[(l ,3-benzodioxol-5-yloxy)methyl]-4-(4'
fluorobiphenyl-3-yl)piperidine.

Paroxetine Hydrochloride
Hemihydrate
(Ph. Bur. monograph 2018)

Action and use
Selective serotonin reuptake inhibitor; antidepressant.

DEFINITION
(3S,4R)-3-[(1,3-Benzodioxol-5-yloxy)methyl]-4-(4
fluorophenyl)piperidine hydrochloride hemihydrate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
Impurity G
Maximum 1 ppm, determined by a suitable, validated
method.

CHARACTERS
Appearance
Wnite or almost white, crystalline powder.

1. [(3S,4R)-4-(4-fluorophenyl)piperidin-3-yl]methanol,
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Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the same solvent mixture.

Reference solution (a) Dilute 5.0 mL of the test solution to
50.0 mL with the solvent mixture. Dilute 2.0 mL of this
solution to 200.0 mL with the solvent mixture.
Reference solution (b) Dissolve 2 mg of paroxetine for system
suitabilityCRS (containing impurity C) in the solvent mixture
and dilute to 10 mL with the solvent mixture. Dilute 1 mL
of this solution to 10 mL with the solvent mixture.

Reference solution (c) Dissolve 2 mg of paroxetine
impurity A CRS in the solvent mixture and dilute to 20 mL
with the same solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationaryphase: end-capped octylsilyl silica gelfor

chromatography R (5 um);
- temperature: 40°C.

Mobile phase:
~ 'mobile phase Aitrifiuorcacetic acidR, tetrahydrofuran R,

soater R (5:100:900 VIVIV);
- mobile phase Bi-trifiuoroacetic acidR, tetrahydrofuran R,

acetonitrileR (5:100:900 VIV/V);

Flow rate 1 rnUmin.
Detection Spectrophotometer at 295 nm.

Injection 20~.

Relative retention With reference to paroxetine:
impurity A =about 0.8.
System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

impurity C and paroxetine.

Limits:
- 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);

- 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.

Time
(min)

0-30
30- 50

50 - 60

60 - 65

65 - 70

Mobile phase A
(per cent VIV)

80
80 -> 20

20
20 -> 80

80

Mobile phase B
(per cent VIP)

20
20 -> 80

80
80 -> 20

20

Reference solution (a) Dissolve 50.0 mg of paroxetine
hydrochloride hemihydrate CRS in water R and dilute to
100.0 mL With the same solvent.

Reference solution (b) Dissolve 5.0 mg of paroxetine
hydrochloride hemihydrate CRS and 5 mg of paroxetine
impurityA CRS in water R and dilute to 10.0 rnL with the
same solvent.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: trimethylsilyl silica gelfor chromatography R

(5 11m).

Mobile phase Dissolve 3.85 g of ammonium acetate R in
water R, adjust to pH 5.5 with anhydrous acetic acid Rand
dilute to 600 mL with the same solvent; add 400 mL of
acetonitrile R; slowly add, with stirring, 10 rnL of
triethylamine R and readjust to pH 5.5 with anhydrous acetic
acid R.

Flow rate 1 mlJmin.
Detection Spectrophotometer at 295 nm.

Injection 10 ilL.
Run time Twice the retention time of paroxetine.

System suitability Reference solution (b):
- resolution: minimum 2 between the peaks due to

paroxetine and impurity A.

Calculate the percentage content of paroxetine hydrochloride
using the chromatogram obtained with reference solution (a).

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities AJ DJ G.

Other detectable impurities (the following substances toould, if
presentat a sufficient leuel, be detected by one or 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 necessary to identify these impurities for
demonstration of compliance. See also 5.1D.-Control of impurities
in substances for pharmaceutical use) BJ CJ EJ F.

A. (3S,4R)-3-[(1,3-benzodioxol-5-yloxy)methyl]-4
phenylpiperidine (desfluoroparoxetine),

B. (3S,4R)-3-[(1,3-benzodioxol-5-yloxy)methyl]-4-(4
methoxyphenyl)piperidine,

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.
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149676-40-4465.5

(Perfloxacin Mesilate Dihydrate, Ph. Bur. monograph
1460)

Action and use
Antibacterial.

Pefloxacin Mesilate

FsnI H

0X):.....' NH

< I H° #

C. (3S,4R)- 3-[ (1,3-benzodioxol-5-yloxy)methyl] -4-(4
ethoxyphenyl)piperidine,

D. (3R,4S)-3-[(1,3-benzodioxol-5-yloxy)methyl]-4-(4
fluorophenyl)piperidine ((+)-trans-paroxetine),

and enantiomer

E. (3RS,4RS)-3-[(1,3-benzodioxol-5-yloxy)methyl]-4-(4
fluorophenyl)piperidine (css-parcxetine),

F. 3,3 f - [methylenebis(1,3-benzodioxole-6,5
diyloxymethylene)] bis [3S,4R)4-(4-fluorophenyl)
piperidine] ,

FDu1#
I N

'CH,

G. 4-( 4-fluorophenyl)-1-methyl-1,2,3,6-tetrahydropyridine.
____________________ PhEur

PhEur _

DEFINITION
1-Ethyl-6-fluoro-7-(4-methylpiperazin-1-yl)-4-oxo-1,4
dihydroquinoline-3-carboxylic acid methanesulfonate
dihydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

PRODUCTION
It is considered that alkyl methanesulfonate esters are
genotoxic and are potential impurities in pefloxacin mesilate
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 and validation.
The general methods 2.5.37. Methyl, ethyland isopropyl
methanesulfonate in methanesulfonic acid, 2.5.38. Methyl, ethyl
and isopropyl methanesulfonate in activesubstances and 2.5.39.
Methanesulfonyl chloride in methanesulfonic acid are available to
assist manufacturers.

CHARACTERS
Appearance
Fine, white or almost white powder.

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

IDENTIFICATION
. A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.1 gin 10 rnL of waterR. Add 5 rnL
of 1 M sodium hydroxide. Adjust to pH 7.4 ± 0.1 with
phosphoric acid R and shake with 2 quantities, each of 30 rnL,
of methylene chloride R. Combine the organic layers and dry
over anhydrous sodium sulfateR. Evaporate to dryness.
Examine the residue as a disc of potassium bromide R.
Comparison Repeat the operations using 0.1 g ofpejloxacin
mesilate dihydrate CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 40 mg in waterR and dilute to 1 mL
with the same solvent.

Reference solution Dissolve 60 mg of methanesulfonic acid R in
waterR and dilute to 10 rnL with the same solvent.

Plate TLC silica gelplate R.

lViobile phase water R, ammonia R, butanol R, acetone R
(5:10:20:65 V/V/V/V).

Application 10 ilL.
Development Over a path of 15 em.

Drying In air.
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Detection Spray with a 0.4 gIL solution of bromocresol
purple R in ethanol (50 per cent V/V) R, adjusted to pH 10
using 1 M sodiumhydroxide.

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
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
10.0 mL with the same solvent.

Appearanceofswution
Examined within 1 h after its preparation, solution S is not
more opalescent than reference suspension II (2.2.1) and not
more intensely coloured than intensity 3 of the range of
reference solutions of the most appropriate colour (2.2.2,
Method II).

pH (2.2.3)
3.5 to 4.5.

Dilute 1 mL of soltl1:ion S to 10 mL with carbon dioxide-free
waterR.

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 100.0 mL with
the mobile phase.

Reference solution (a) Dissolve 5.0 mg of pefloxacin
impurity B CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 1.0 rnL 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 pe.floxacin impurity C CRS.

Reference solution (b) Dissolve 10.0 mg of norfioxacin
impurity A CRS (impurity F) in the mobile phase and dilute
to 100.0 rnL with the mobile phase. Dilute 1.0 rnL of this
solution to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, (2) = 6 mrn;
- stationary phase: octadecylsz7yl vinyl polymer for

chromatography R (5 J.lID).

Mobilephase Mix 30 volumes of acetonitrile R, 70 volumes
of a solution containing 2.70 gIL of cetyltrimethylammonium
bromide Rand 6.18 gIL of boric acid R (exactly adjusted to
pH 8.30 with 1 M sodium hydroxide), and 0.2 volumes of
thiodiethylene glycol R.

Flow rate 1 rnIJmin.

Detection Spectrophotometer at 258 nm and at 273 run.

Infection 20 ut,
Run time 4 times the retention time of pefl.oxacin (about
60 min).

Relative retentions and correction factors:

Pefioxacin Mesilatc II-547

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 nm with 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 obtained with the test solution by
the normalisation procedure.

Limits:
- impurities A, B, D, E and any other impurityat 273 nm and

impurities C, F, G, H at 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 obtained with 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 gin 15.0 mL of anhydrous acetic acidRand
add 75.0 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 perchloric acid is equivalent to 21.48 mg
of ClsH24FN306S,

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H.

A. 1-ethyl-6-f1.uoro-4-oxo-7-(piperazin-1-yl)-1,4
dihydroquinoline-3-carboxylic acid (demethylated
pefl.oxacin or norfl.oxacin),

Impurity E

Impurity D

Impurity A

Impurity G

Pefloxacin

Impurity C

Impurity B

Impurity H

Impurity F

Approximate relative
retention

0.2

0.3

0.5

0.8

1

1.7

1.8

2.4

35

Correction factor

1.4

2.4

1.8

B. 6-chloro-1-ethyl-7-(4-methylpiperazin-I-yl)-4-oxo-1 ,4
dihydroquinoline-3-carboxylic acid (chlorinated
homologue of pefl.oxacin),
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Pemetrexed Disodium
Heptahydrate
(Ph. Bur. monograph 2637)

C. l-ethyl-6-fluoro-5-(4-methylpiperazin-I-yl)-4-oxo-1,4
dihydroquinoline-3-carboxylic acid (isopefloxacin),

597.5

,7H20

357166-29-1

D. 4-(3-carboxy-I-ethyl-6-fluoro-4-oxo-1 ,4-dihydroquinolin
7-yl)-l-methylpiperazine I-oxide (N-oxide of pefloxacin),

E. l-ethyl-6-fluoro-7-(4-methylpiperazin-I-yl)quinoline-4
(lli)-one (de carboxylated pefloxacin),

(CH3

ClyyN~

F~C02H
o

F. 7-chloro-l-ethyl-o-fluoro-d-oxo-l ,4.;.dihydroquinoline-3
carboxylic acid (N-ethyl acid) (norfloxacin impurity A),

(CH3

CIx:QyN
~ I lOCH

F ~ <>: 3

o 0

(i. ethyl 7-chloro-I-ethyl-6-fluoro-4-oxo-I,4
dihydroquinoline-3-carboxylate (N-ethyl ester),

(CH3

W~ I I
F ~ C02HCI 0

H. 5-chloro-I-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3
carboxylic acid (iso-N-ethyl acid).

____________________ PhEur

Action and use
Thymidylate synthetase inhibitor; cytostatic.

PhEur _

DEFINITION
Disodium (2S)-2- [[4- [2-(2-amino-4-oxo-4,7-dihydro-1H
pyrrolo [2,3.;.d] pyrimidin-5-yl)ethyl]benzoyl]
amino]pentanedioate heptahydrate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, very slightly soluble in anhydrous
ethanol, practically insoluble in methylene chloride.

IDENTIFICATION
Carry out either tests A, C, D, E or tests B, C, D, E.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison pemetrexed sodium heptahydrate CRS.

B. Nuclear magnetic resonance spectrometry (2.2.33).

Preparation 25-50 mg/ml, solution in deuterium oxide R.

Comparison Solution of equal concentration ofpemetrexed
disodium heptahydrate CRS in deuterium-oxide R.
Results The 1H NMR spectrum obtained is qualitatively
similar to the IH NMR spectrum obtained with pemetrexed
disodium heptahydrate CRS; disregard the peak located at
approximately 5.0 ppm for the comparison.

C. It gives reaction (a) of sodium (2.3.1).

D. Enantiomeric purity (see Tests).

E. Water (see Tests).

TESTS
Solution S
Dissolve 0.56 g in carbon dioxide-free waterR 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 GY4 or Y4 (2.2.2, Method II).

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 them at 2-8 °C for not morethan
24 h.

Solution A Dissolve 8 g of p-cyclodextrin R in 900 mL of
waterfor chromatography R. Add 15 mL of triethylamine R
then 6 mL of phosphoric acidR and adjust to pH 6.0 with
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phosphoric acid R. Dilute to 1000 mL with waterfor
chromatography 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 of pemetrexed for system
suitability CRS (containing impurity E) in waterfor
chromatography R and dilute to 25.0 mL with the same
solvent.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mLwith waterfor chromatography R. Dilute 3.0 mL of
this solution to 10.0 mL with waterfor chromatography R.

Column:
- size: I = 0.25 m, (2) = 4.6 nun;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn) with a pore size of 12 TIm;

- temperature: 40 DC.

Mobilephase acetonitrile R, solution A (5:95 VIV).

Flow rate 1.0 mql1J.in.

Detection Spectrophotometer at 230 TIm.

Injection 50 ilL.·
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: 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
pemetrexed in the chromatogram obtained with reference
solution (a).

Calculation of percentage contents:
- for impurity E, use the concentration of pemetrexed

disodium heptahydrate in reference solution (b).

Limit:
- impurityE: maximum 0.3 per cent.

Column rinse: the following program is given for information only.

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 waterfor chromatography R.

Rinsing solution B acetonitrile R1.

Time Mobile phase Rinsing solution A Rinsing solution B
(min) (per cent VJlI) (per cent VJlI) (per cent V/Jl)

0-4 100 -> 0 0->50 0->50

4-9 0 50 50

9 - 14 0 50 -> 10 50 -> 90

14 - 54 0 10 90

54 - 69 0 10 -> 95 90 -> 5

69 - 100 0 95 5

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before useor store them at 2-8 DC for not morethan
24 h. .

Pemetrexed Disodium Heptahydrate 11-549

SolutionA 1.45 gIL solution of ammoniumformate. R in
waterfor chromatography R, adjusted to pH 3.5 with anhydrous
formic acid R.
Testsolution 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 waterfor chromatography R. Dilute 1.0 mL of
this solution to 10.0 mL with waterfor chromatography 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 DC 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
pemetrexedimpurity mixture CRS (impurities A and D) in
1.0 mL of waterfor chromatography R.

Column:
- size: 1= 0.15 m, (2) = 4.6 mm;
- stationaryphase: base-deactivated octylsilyl silica gelfor

chromatography R (3.5 urn),

Mobilephase:
- mobile phaseA: acetonitrile R, solution A (5:95 VI1/);
- mobile phaseB: acetonitrile R, solution A (30:70 VIV);

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent V/Jl)

0-3 100 0

3 - 45 100 -> 0 0->100

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 250 TIm.

Injection 20 J.tL.
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 B and C.

Relative retention 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.

System suitability Reference solution (b):
- peak-to-valleyratio: 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:
- 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 per cent.

Water (2.5.12)
19.5 per cent to 22.1 per cent, determined on 0.050 g.

Bacterial endotoxins (2.6.14)
Less than 0.17 IV/mg.
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____________________ PhEur

E. (2R)-2-[[4-[2-(2-amino-4-oxo-4,7-dihydro-1H
pyrrolo [2,3-d] pyrimidin-5-yl)ethyl]benzoyl]amino]
pentanedioic acid.

o H COzH

~~C02H

o H C02H

~~C~H
N

HzN-(

HN ~ l
HN

D. (2S)-2-[[(4S)-4-[[4-[2-(2-amino-4-oxo-4,7-dihydro-1H
pyrrolo [2,3-d] pyrimidin-5-yl)ethyl]benzoyl]amino]-4
carboxybutanoyl] amino]pentanedioic acid,

H~) NH
HOzC-1

H
o

C. (2S,2'S)-2,2'-[[(5S)-2,2'-diamino-4,4',6-trioxo
1,4,4',6,7,7'-hexahydro-l'H,SH-S,6'-bipyrrolo[2,3-d]
pyrimidine-S,S'-diyl]bis(ethylenebenzene-4, 1
diylcarbonylimino)] dipentanedioic acid,

ASSAY
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use or store them at 2-8 °C for not more than
24 h.

Acetate buffer Mix 1.7 mL of glacialacetic acidR 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 solution 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 pemetrexeddisodium
heptahydrate CRS in waterfor chromatography R and dilute to
200.0 mL with the same solvent.

Column:
- size: 1= 0.15 m, (2) = 4.6 rom;
- stationary phase: base-deactivated octylsilyl silica gelfor

chromatography R (3.5 um);
- temperature: 30°C.

Mobile phase acetonitrile R, acetate buffer (11:89 VIV)o
Flow rate 2.0 mIJmin.

Detection Spectrophotometer at 285 nm.

Injection 20 JlL.
Run time Twice the retention time of pemetrexed (retention
time = about 3 min).

Calculate the percentage content of C2oH19NsNa206 taking
into account the assigned content of pemetrexed disodium
heptahydrate CRS.

IMPURITIES
Specified impurities A, D~ B.

Otherdetectable impurities (the following substances would, if
present at a sufficient leoel, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby 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
in substances for pharmaceutical use) B, C.

38363-32-5681

[(lO:X:~XCH3]
~'D H,C CH,

2

Penbutolol Sulphate

(Ph. Bur. monograph 1461)

PhEur _

Action and use
Beta-adrenoceptor antagonist.

Penbutolol Sulfate

DEFINITION
Di[(2S)-1-(2-cyclopentylphenoxy)-3-[(1,1
dimethy1ethy1)amino]propan-2-01] sulfate.

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

B. (2S,2'S)-2,2 '-[[(5R)-2,2 f -diamino-4,4',6-trioxo
1,4,4',6,7,7 i-hexahydro-1'H,5H-5,6'-bipyrrolo[2,3-d]
pyrimidine-5,5'-diyl]bis(ethylenebenzene-4,1
diylcarbonylimino)] dipentanedioic acid,

A. (2S)-2-[[4-[2-(2-amino-1-methyl-4-oxo-4,7-dihydro-1H
pyrrolo [2,3-dJpyrimidin-5-yl)ethyl]benzoyl]amino]
pentanedioic acid,

H~) N~'O
HO c-1

2 H
o \, j 0
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____________________ Ph Eur

A. (2S)-1-[2-(cyclopent-1-enyl)phenoxy]-3-[(l,l
dimethylethyl)amino] propan-2-01.

Column:
- size: 1= 0.25 m, 12) = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobzle phase:
- mobile phase A: acetonitrile for chromatography R, methanol R

(39:61 V/V);
- mobile phase B: dissolve 11 g of sodium heptanesulfonate R

in 1000 mL of waterR, add 5.0 mL of triethylamine Rand
adjust to pH 2.7 with phosphoric acidR;

40

40 -+ 20

Mobile phase B
(per cent V/Ii')

60

60 -+ 80

Mobile phase A
(per cent VIV)

Time
(min)

0-15

15 - 35

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 270 nm.

Injection 10 IlL.
System suitability Reference solution (a):
- resolution: minimum 3.0 between the 2 principal peaks.

Limits:
- impurityA: not more than the area of the principal peak

in the chromatogram obtained with reference 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 per cent);

- sum of impurities other than A: not more than twice the
area of the principal peak in the chromatogram obtained
with reference solution (b) (l 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 (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
M~imum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.500 g in 40 mL of anhydrous acetic add R. 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 68.10 mg
of C36H6oNzOsS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, soluble in methanol, practically
insoluble in cyclohexane.

IDENTIFICATION
First identification: A, C, D.

Secondidentification: 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
examined in 1 mL of methanolR.
Reference solution Dissolve 40 mg ofpenbutolol sulfate CRS in
1 mL of methanolR.

Plate. TLC silica gelF254 plate R.

Mobilephase glacialacetic acidR, waterR, butanol R, ethyl
acetate R (10:20:35:35 V/V/V/V).

Application 5 ilL.

Development 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
reference solution.

C. Dissolve 50 mg in a mixture of 5 mL of waterR and
1 mL of 0.1 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 methanolR and dilute to 20.0 mL with the
same solvent.

Acidity or alkalinity
To 4 mL of solution S add 4 mL of carbon dioxide-free
waterR. Add 0.1 mL of methyl redsolution R and 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, mobile phase A
(40:60 V/V).

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 4.0 mg of the substance to be
examined and 1.0 mg ofpe:nbutolol impurityA 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 mg ofpenbutolol
impurityA CRS in the solvent mixture and dilute to 50.0 mL
with the solvent mixture. Dilute 2.0 mL ofthis solution to
10.0 mL with the solvent mixture.
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PhEur _

Penicillamine D. Dissolve 40 mg in 4 mL of waterR and add 2 mL of
phosphotungstic acid solution R. Allow to stand for 5 min.
A blue colour develops.

TESTS
Solution S ,
Dissolve 2.5 g in carbon dioxide-free tuaterR 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 II).

pH (2.2.3)
4.5 to 5.5.

Dilute 1 mL of solution S to 10 mL with carbon dioxide-free
waterR.

Specific optical rotation (2.2.7)
-61.0 to -65.0 (dried substance).

Dissolve 0.500 g in 1 M sodium hydroxide and dilute to
10.0 mL with the same solvent.

Ultraviolet-absorbing substances
Maximum 0.5 percent ofpenilloic acid.

Dissolve 0.100 g in water R 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.

Test solution Dissolve 40.0 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 40 mg of penicillamine CRS in
the mobile phase and dilute to 10.0 mL with the mobile
phase.

Reference solution (b) Dissolve 20.0 mg ofpenicillamine
disulfide CRS (impurity A) in the mobile phase and dilute to

50.0 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 rom;
- stationary phase: octylsilyl silica gelfor chromatography R

(10 urn).

Mobilephase Solution containing 0.1 gIL of sodium edetate R
and 2 gIL of methanesulfonic acid R.

Flow rate 1.7 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 20 ~lL.

Relative retention With reference to penicillamine (retention
time = about 6 min): impurity A = about 1.8.

System suitabz7ity Reference solution (a):
- resolution: minimum 4.0 between the peaks due to

penicillamine and impurity A.

Limit:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (1 per cent).

Impurity B
Maximum 0.1 ppm.

Carry out all the.operations in a penicillin-free atmosphere and
with equipment reserved for this test. Sterilise the equipmentat
180°C for 3 h and the buffersolutions at 121°C for 20 min
before use.

52-67-5149.2

(ph. Eur. monograph 0566)

DEFINITION
(2S)-2-Amino-3-methyl-3-sulfanylbutanoic acid.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

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

IDENTIFICATION
First identification: A, B, D.

Second identification: A, C, D.

A. Dissolve 0.5 g in a mixture of 05 mL of hydrochloric
acid R and 4 mL of warm acetone R, cool in iced water and
initiate crystallisation by scratching the wall of the tube 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 gIL solution 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 similar in retention time and
approximate size to the principal peak in the chromatogram
obtained with reference solution (a).

C. Thin-layer chromatography (2.2.27).

Test solution 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 gel G plateR.

Mobz1e phase glacialacetic acid R, waterR, butanolR
(18:18:72 V/V/V).

Application 2 J-LL.
Development Over a path of 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.

Action and use
Disease-modifying antirheumatic drug; chelating agent;
treatment ofWllson's disease; heavy metal poisoning;
cystinuria.

Preparation
Penicillamine Tablets
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Test solution (a) Dissolve 1.000 gin 8 rnL 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 buffer solution pH 2.5 R. Shake for 1 min, allow
to settle and quantitatively separate the upper layer, taking
care to eliminate the aqueous phase completely (penuz7lin is
unstable at pH 2.5,. carry out operations at thispH within
6-7 min). Add 8 mL ofphosphate buffer solution pH 6.0 R2 to
the ether phase, shake for 5 min, allow to settle, then
separate the aqueous layer and check that the pH is 6.0.

Test solution (b) To 2 mL of test solution (a) add 20 J.lL of
penicillinase solution R and incubate at 37°C for 1 h.

Reference solution (a) Dissolve 5mg of benzylpenicillin
sodium R in 500 mL of phosphate buffer solution 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 using 8 mL of this
solution as described for test solution (a).

Reference solution (b) To 2 mL of reference solution (a) add
20 J1L 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 n:~trient medium such as that described
below and inoculate it at a suitable temperature with a
culture of Kocuria r/:lizophila (ATCC 9341), to give
5 x' 104 micro-organisms per millilitre or a different quantity
if necessary to 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 mm 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 mL of test 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 with a precision of at least 0.1 rom. 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. If this 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)

Pentaerythrityl Tetranitrate II-553

immediately before use 3 times, each time with an
equal volume of methyl isobutyl ketone R. Mix and add
2.0 mL of methyl isobutyl ketone R and shake for 1 min.
Dilute to 25.0 mL with waterR and allow the 2 layers to
separate; use the methyl isobutyl ketone layer.

Reference solutions Dissolve a quantity of mercuric oxide R
equivalent to 0.108 g of HgO in the smallest
necessary volume of dilute hydrochloric acid R and dilute to
1000.0 mL with waterR (100 ppm Hg). Prepare the
reference solutions in the same manner as the test solution
but using instead of the substance to be examined
suitable volumes of the solution containing 100 ppm of Hg.

Source Mercury hollow-cathode lamp.

Wavelength 254 nm.
Atomisation device Air-acetylene flame.

Set the zero of the instrument using a methyl isobutyl ketone
layer obtained as described for the test solution but omitting
the substance to be examined.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying
over diphosphorus pentoxide R at 60°C at ~ pressure not
exceeding 0.67 kPa.

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

ASSAY
Dissolve 0.1000 gin 30 mL of anhydrous acetic 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 14.92 mg
of CsHu N0 2S.

IMPURITIES
Specified impurities A~ B.

A. 3,3'-(disulfanediyl)bis[(2S)-2-amino-3-methylbutanoic]
'acid (penicillamine disulfide),

H

O#XCO~:3
~.... )<CH

R.... S 3

H H

B. penicillin.
_____________________ PhEur

Mercury
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

Test solution To 1.00 g add 10 mL of waterRand 0.15 mL
ofperchloric acid R and swirl until dissolution is complete.
Add 1.0 mL of a 10 gIL solution of ammonium
pyrrolidinedithiocarbamate R which has been washed

Peptone
Yeast extract
Meat extract
Sodium chloride
Agar
Distilled water R

5g
1.5g
1.5g
3.5 g
15 g
1000 mL

Diluted Pentaerythrityl Tetranitrate
(Ph. Bur. monograph 1335)

316.1

Action and use
Vasodilator.
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PhEur _

DEFINITION
Dry mixture of 2,2-bis (hydroxymethyl)propane-l ,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 tetranitrate may explode if
subjected to percussion or excessive heat. Appropriate precautions
must be taken and only very small quantities handled.

CHARACTERS
Appearance of pentaerythrityl tetranitrate White or slightly
yellowish powder.

Solubility of peniaerythrityl tetranitrate 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.

IDENTIFICATION
First identification: A, C.
Secondidentification: 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 of pentaerythrityl tetranitrate, 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 pentoxide R at a pressure of 0.7 kPa for 16 h.
Examine the residues prepared as discs.

Comparison dilutedpentaerythrityl tetranitrate CRS.

B. Thin-layer chromatography (2.2.27).

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 cent) R for 5 min
and filter.

Reference solution Shake a quantity of dilutedpentaerythrityl
tetranitrate CRS corresponding to 10 mg of pentaerythrityl
tetranitrate with 10 mL of ethanol (96 per cent) R for 5 min
and filter.

Plate TLC silica gel plate R.

Mobzle phase ethyl acetateR, toluene R (20:80 VIV).

Application 10 ut,

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with freshly prepared potassium iodide and
starch solution R, expose to ultraviolet light at 254 nm for
15 min and 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. 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 water R. Filter if necessary.

Reference solution (a) Dissolve 0.10 g of lactose
monohydrate R in water R and dilute to 10 mL with the same
solvent.

2020

Reference solution (b) Dissolve 0.10 g of mannitol R in
water R and dilute to 10 mL with the same solvent. -

Reference solution (c) Mix equal volumes of reference
solutions (a) and (b).

Plate TLC silica gel G plate R.

Mobilephase waterR, methanolR, anhydrous acetic acid R,
ethylene chloride R (10:15:25:50 VIV/V/V). Measure the
volumes accurately since a slight excess of water produces
cloudiness.

Application 1 ilL; thoroughly dry the points of application.

Development A Over 2/3 of the plate.

DryingA In a current of warm air.

Development B Immediately, over 2/3 of the plate, after
renewing the mobile phase.

Drying B In a current of warm air.

Detection Spray with 4-aminobenzoic acidsolution 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 sodiumperiodate R, dry 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).

Test solution Shake a quantity of the substance to be
examined corresponding to 0.10 g of pentaerythrityl
tetranitrate with 5 mL of ethanol (96 per cent) R and filter.

Reference solution Dissolve 10 mg of potassium nitrateR in
1 mL of water R and dilute to 100 mL with ethanol
(96 per cent) R.

Plate , TLC silica gelplate R.

Mobilephase glacialacetic acidR, acetone R, toluene R
(15:30:60 VIVIV).

Application 10 ilL.

Development Over 2/3 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 nm for 15 min and examine in daylight.

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 (a) 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. Filter.

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with the mobile phase.

Reference solution (a) Sonicate for 15 min a quantity of
dilutedpeniaerythrityl tetranitrate CRS corresponding to
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140-64-7592.7

Action and use
Antiprotozoal.

Preparation
Pentamidine Injection

PhEur _

(Pentamidine Diisetionate, Ph. Bur. monograph 1137)

NH NH

H2N~ ~NH2
Uo~oJl)

D. 2,2'-(oxybismethylene)bis [2-(hydroxymethyl)propane-l ,3
diol] hexanitrate (dipentaerythrityl hexanitrate).

C. 2,2-bis [[3-hydroxy-2,2-bis(hydroxymethyl)
propoxy]methyl]propane-l,3-diol oetanitrate
(tripentaerythrityl oetanitrate),

DEFINITION
4,4'-[pentane-l,S-diylbis(oxy)]dibenzimidamide bis(2
hydroxyethanesulfonate) .

Content
98.5 per cent to 101.5 per cent (dried substance).

Pentamidine Isetionate

A. N03- : inorganic nitrates,

in the monograph. They arelimited by thegeneral 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. Controlof impurities
in substances for pharmaceutical use) B.

B. 2,2-bis(hydroxymethyl)propane-l,3-diol trinitrate
(pentaerythritol trinitrate),

_____________________ PhEur

IMPURITIES
Specifiedimpurities A, C, D.

Other detectable impurities (the following substances would, if
presentat a sufficientlevel, be detected by one or otherof the tests

25.0 mg of pentaeryrhriryl 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 solution (d) Dilute 200 J.LL of glyceryltrinitrate
solution CRS to 25.0 mL with the mobile phase.

Reference solution (e) To 1 mL of reference solution (b) add
1 rnL of reference solution (d) and dilute to 10 mL with the
mobile phase.

Reference solution (j), Dilute 1.0 mL of reference solution (a)
to 20.0 mL with the mobile phase. Dilute 0.5 mLofthis
solution to 50.0 rnL with the mobile phase.

Column:
- size: 1=0.15 m, 0 =3.9 rom;
- stationaryphase: octyls£lyl silica gelfor chromatography R

(5 1JlI1)." . ""

Mobile phase wa~erR, acetonitrile R (35:65 VIV)o

Flow rate 1..4 mLlmin.

Detection Spectrophotometer at 220 nm.
Injection 20,/lLoftest 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 impurities: for each impurity, not more than
twice the area of the principal peak in the chromatogram
obtained with reference solution (t) (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 limit: the area of the principal peak in the
chromatogram obtained with reference solution (t)
(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 (b).

Calculate the percentage content of CsHsN4012 from the
declared content of dilutedpentaerythrityltetranitrate CRS.

STORAGE
Protected from light and heat.

LABELLING
The labelstates:
- the percentage content of pentaerythrityl tetranitrate;
- the diluent used.
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PhEur _

(Ph. Eur. monograph 1462)

359-83-1285.4

DEFINITION
Pentazocine contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of

HO

Action and use
Opioid receptor agonist; analgesic.

Preparation
Pentazocine Injection

Pentazocine

A. 4.-[[5-(4.-amidinophenoxy)pentyl]oxy]benzenecarboxamide.
____________________ PhEur

Detection Spectrophotometer at 265 om.

Injection 10 ~.

Run time 3.5 times the retention time of pentamidine.

System suitabzlity Reference solution (b):
- the chromatogram obtained shows 2 principal peaks;
- resolution: minimum 2.0 between the 2 principal peaks.

Limits:
- any impurity: for each impurity, not more than 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)
(0.4 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.02 per cent).

Loss on drying (2.2.32)
Maximum 4.0 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 1.0 g.

ASSAY
Dissolve 0.250 gin 50 mL of dimethylformamide R.
Add 0.25 mL of thymolblue solution R. Titrate with 0.1 M
tetrabutylammonium hydroxide, under a current of
nitrogen R, until the colour of the indicator changes to blue.
Carry out a blank titration.

1 mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 29.63 mg of CZ3H36N40IQSz.

STORAGE
In an airtight container.

IMPURITIES

pH (2.2.3)
4.5 to 6.5.

Dissolve 0.5 g in carbon dioxide-free water 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 the mobile phase and 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 1.0 mL of this
solution to 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
sodiumhydroxide solution R and boil under reflux for 20 min.
Cool and dilute to 50 mL with water R. Dilute 1 mL of the
solution to 50 mL with the mobile phase.

Column:
- size: 1= 0.25 m, (2) =4.6 mrn;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5/lIIl).

i"\;[obile phase Mix. 65 volumes of methanol Rand 35 volumes
of a 30 g/L solution of ammonium acetate R previously
adjusted to pH 7.5 with triethylamine R.

Flow rate 1 mL'min.

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 the final product.

CHARACTERS
Appearance
"Wbite 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 water R and add
dropwise with shaking 1 mL of a 10 gIL solution of sodium
chlorideR. Allow to stand for 5 min. The mixture remains
clear.

C. Treat 0.15 g by the oxygen-flask method (2.5.10).
Use 10 mL of dilutehydrogen peroxide solution R to absorb the
combustion products. The solution gives reaction (a) of
sulfates (2.3.1).

TESTS
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, MethodII).

Dissolve 2.0 g in waterR and dilute to 20 mL with the same
solvent,
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--- PhEur

PhEur _

(ph. Bur. monograph 1463)

64024-15-3

I Hel

321.9

HO

Action and use
Opioid receptor agonist; analgesic.

Preparations
Pentazocine Capsules

Pentazocine Tablets

STORAGE
Store protected from light.

Pentazocine Hydrochloride

DEFINITION
Pentazocine hydrochloride contains not less than
99.0 per cent and not more than the equivalent of
101.0 per cent of (2RS,6RS,11RS)-6,11-dimethyl-3-(3
methylbut-2-enyl)-1,2,3,4,5,6-hexahydro-2,6-methano-3
benzazocin-8-o1 hydrochloride, calculated with reference to
the dried substance.

CHARACTERS
A white or almost white powder, sparingly soluble in water,
soluble in ethanol (96 per cent) and sparingly soluble in
methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
A.~xamineby infrared absorption spectrophotometry
(2.2.24), comparing with the Ph. Bur. reference spectrum of
pentazocine hydrochloride.

B. It gives reaction (a) of chlorides (2.3.1).

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 of 20 mL of waterRand 1 mL
of 1 M hydrochloric acid, and dilute to 100.0 mL with
waterR. To 10.0 mL add 1 mL of 1M hydrochloric acid and
dilute to 100.0 mL with waterR. 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 gel F254 plate R.

Test solution 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 thetest solution to
100 mL with methylene chloride R.

Reference solution (b) Dilute 5 mL of reference solution (a)
to 10 mL with methylene chloride R.

(2RS,6RS,11RS)-6,11-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.

CHARACTERS
A white or almost white 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. Bur. reference spectrum for pentazocine
(form A).

TESTS
Absorbance (2.2.25)
Dissolve 0.100 g in a mixture of 20 mL of uiaterR and 1 mL
of 1 M hydrochloric acid, and dilute to 100.0 mL with
waterR. To 10.0 mL add 1 mL of 1 M hydrochloric 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.

Relatedsubstances
Examine by thin-layer chromatography (2.2.27), using a
TLC silicu,·gel F254'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 (a) Dilute 1 mL of the test solution 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 reference solution (a)
to 20 mL with methylene chloride R.

Apply to the plate 10 ul, of each solution. Develop over a
path corresponding to two thirds of the plate height using a
mixture of 3 volumes of isopropylamine R, 3 volumes of
methanolR and 94 volumes of methylene chloride R. Allow the
plate to dry in air and examine in ultraviolet light at 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 the spot obtained
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 the 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°C at a pressure not exceeding 0.7 kPa for 4 h.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 gin 50 mL of anhydrous acetic 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 28.54 mg of
C19Hz7N O.
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PhEur _

____________________ PhEur

CHARACTERS
Appearance
White or almost white powder.

Solubility
Sparingly soluble in water, freely soluble in methanol, slightly
soluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of pentazocine lactate.

TESTS
pH (2.2.3)
5.5 to 6.5.

Dissolve 0.1 g in 10 mL of carbon dioxide-free waterR.

Absorbance (2.2.25)
0.50 to 0.54, determined at the absorption maximum at
278 nm.
Dissolve 0.10 gin 10.0 mL of 1 M hydrochloric acidand
dilute to 100.0 mL with waterR. Dilute 10.0 mL of the
solution to 100.0 mL with waterR.

Related substances
Thin-layer chromatography (2.2.27).

Testsolution 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 (a) Dissolve 100 mg of the substance to
be examined in acetic anhydride R and dilute to 5 mL with
the same solvent. Heat at 80°C for 10 min. Dilute 1 mL of
the solution to 10 mL with methanol R. Mix 1 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 gelF254 plateR.
Mobt1e phase isopropylamine R, methanol R, methylene
chloride R (3:3:94 V/V/V).

Application 10 ilL.
Development Over 2/3 of the plate.

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.
System suitability Reference solution (a):
- the chromatogram shows 2 clearly separated spots.

Limits By each method of detection:
- any impurity: any spots, apart from the principal spot, are

not more intense than 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 (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 gin 30 mL of anhydrous acetic acidR and add
30 mL of dioxan R. Titrate with 0.1 l\II perchloric acid,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 37.55 mg
of C22H33N04.

17146-95-1

and enantiomerand enantiomer

375.5

HO

Action and use
Opioid receptor agonist; analgesic.

Preparation
Pentazocine Injection

(Ph. Eur. monograph 2000)

Pentazocine Lactate

DEFINITION
(2RS,6RS,11RS)-6,11-Dimethyl-3-(3-methylbut-2-enyl)-
1,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocin-8-01 (2RS)
2-hydroxypropanoate.

Content
99.0' per cent to 101.0 p~r cent (dried substance).

Reference solution (c) Dilute 5 mL of reference solution (a)
to 20 mL with methylene chloride R.
Apply to the plate 10 ul, ofeach solution. Develop over a
path corresponding to two-thirds of the plate height using a
mixture of 3 volumes of isopropylamine R, 3 volumes of
methanol R and 94 volumes of methylene chloride R. Allow the
plate to dry in air and examine in ultraviolet light at 254 nm.
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 nm. 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 the spot obtained
with reference solution (a) (l per cent); not more than 1
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 the 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°C at a pressure not exceeding 0.7 kPa for 4 h.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of ethanol (96 per cent) R.
Add 5 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
inflection.

1 mL of 0.1 M sodium hydroxide is equivalent to 32.19 mg of
C t g}I2SClNO.

STORAGE
Store protected from light.
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____________________ PhEur

PhEur __----,-.,---"-:- _

(Ph. Eur. monograph 0200)

C. To about 10 mg add about 10 mg of vanillin Rand 2 mL
of sulfuric acidR. Mix and heat on a water-bath for 2 min.
A reddish-brown colour develops. Cool and add cautiously
5 mL of anhydrous ethanol R. The colour becomes violet and
then blue.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, MethodIf).

Dissolve 1.0 g 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 methylred
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 yellow colour.

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

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 oftest solution (b) to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 2.5 mg of pentobarbital
impurity E CRS in the mobile phase and dilute to 25 mL
with the 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 diluteto 25.0 mL with the mobile
phase. Dilute 5.0 mL of the solution to 50.0 mL with the
mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped extra-dense bonded octadecylsilyl

'silica gelfor chromatography R (5 11m).

Mobzle phase Mix 35 volumes of acetonitrile R1 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.

Detection Spectrophotometer at 214 om.

Injection 10 ul, of test solution (a) and reference
solutions (a) and (b).

Run time 2.5 times the retention time of pentobarbital.

Identification of impurities 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

in reference solution (a).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;

76-74-4

andenantiomer

226.3

Action and use
Barbiturate.

Pentobarbital

DEFINITION
5-Ethyl-5-[(2RS)-pentan-2-yI]-1,3-diazinane-2,4,6-trione.

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. It forms water-soluble compounds with alkali
hydroxides and carbonates and with ammonia.

IDENTIFICATION
A. Melting point (2.2.14).

Determination A Determine the melting point of the
substance to be examined.

Determination B Mix equal parts of the substance to be
examined and pentobarbital eRS and determine the melting
point of the mixture.

Results The difference between the melting points (which
are about 133 "C) is not greater than 2 "C.

B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 DIg 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 of pentobarbital CRS in
ethanol (96 per cent) R and dilute to 10 mL with the same
solvent.

Plate TLC silica gel GF254 plate R.

Mobile phase concentrated ammoniaR, ethanol (96 per cent) R,
methylene chloride R (5:15:80 V/VIV); use the lower layer.

Application 10 J.1L.
Development Over 3/4 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.

STORAGE
Protected from light.

I

I

\
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____________________ PhEur

(ph. Eur. monograph 0419)

Pentobarbital Sodium

57-33-0248.3

~
O. ~yONaH3C I

N and enantiomer

: HO
H3C CH3 .

Action and use
Barbiturate.

Preparation
Pentobarbital Tablets

ao ~~o
H3C I

NH and enantiomer

! HO
H3C CH3

CH3

F. 5-ethyl-5-[(2RS)-4-methylpentan-2-yl]-1,3-diazinane
2,4,6-trione.

- 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
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 CUHlSNz03 taking into
account the assigned content of pentobarbital CRS.

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
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 for pharmaceutical use) A J B, C, D, EJ F.

H2N NyNH2

~
3C P' I

* N its epimerat C*
and

i H0 their enantiomers
H3C CH3

A. mixture of (SR)-2,6-diamino-5-ethyl-5-[(2RS)-pentan-2
yl]pyrimidin-4(5H)-one and (5S)-2,6-diamino-S-ethyl-5
[(2RS)-pentan-2-yl]pyrimidin-4(5H)-one,

H2N N~O

~
3C P' I

* NH its epimerat C*
and

! H0 their enantiomers
H3C CH3

B. mixture of (5R)-6-amino-5-ethyl-5-[(2RS)-pentan-2-yl]
pyrimidine-2,4(3H,5H)-dione and (5S)-6-amino-5-ethyl
5-[(2RS)-pentan-2-yl]pyrimidine-2,4(3H,5H)-dione,

. °1~YO
H3C~NH andenantiomer

H3C H 0

C.5-[(2RS)-pentan-2-yl]-1,3--diazinane-2,4,6-trione,

jl!
0 ~yO

H3C , NH and enantiomer

: HO
H3C CH3

D.5-methyl-5-[(2RS)-pentan-2-yl]-1,3-diazinane-2,4,6
trione,

~
o ~~o

H3C I
NH

H3C 0
HaC

E. 5-ethyl-5-(pentan-3-yl)-1,3-diazinane-2,4,6-trione,

PhEur _

DEFINITION
Sodium derivative of 5-ethyl-5-[(2RS)-pentan-2-yl]-1,3
diazinane-2,4,6-trione.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Very soluble in water.

IDENTIFICATION
A. Melting point (2.2.14).

Determination A Dissolve 1 g in 10 mL of waterR and add
5 mL of dilute acetic acid R; a white, crystalline precipitate is
formed; filter, wash the precipitate with waterR and dry at
lOa-105°C; determine the melting point of the precipitate.

Determination B Mix equal parts of the precipitate and
pentobarbital CRS and determine the melting point of the
mixture.

Results The difference between the melting points (which
are about 131°C) is not greater than 2°C.

B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 11 mg or the substance to be
examined in ethanol (96 per cent) R and dilute to 10 mL with
the same solvent.

Reference solution Dissolve 10 mg of pentobarbital CRS in
ethanol (96 per cent) R and dilute to 10 mL with the same
solvent.

Plate TLC silica gel GFZ54 plate R.

Mobile phase concentrated ammoniaR; ethanol (96 per cent) R,
methylene chloride R (5:15:80 V/V/V); use the lower layer.

Application 10 jlL.
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C. 5- [(2R5) -pentan-2-yl]-1,3-diazinane-2,4,6-trione,

A. mixture of (5R)-2,6-diamino-5-ethyl-5-[(2R5)-pentan-2
yl]pyrimidin-4(5H)-one and (55)-2,6-diamino-5-ethyl-5
[(2R5)-pentan-2-yl]pyrimidin-4(5H)-one,

B. mixture of (5R)-6-amino-5-ethyl-5-[(2R5)-pentan-2-yl]
pyrimidine-2,4(3H,5H)-dione and (55)-6-amino-5-ethyl
5-[(2R5)-pentan-2-yl]pyrimidine-2,4(3H,5H)-dione,

HzN N~O

~
3C 17 I

* NH its epimer at C*
and

~ H0 theirenantiomers
H3C CH3

and enantiomer

°1~YO
H3C~NH

H3C H 0

STORAGE
In an airtight container.

IMPURITIES
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, be detected by oneor other of 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 ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D, E, F.

H2N NyNH2

~
3C 17 I

.,. N its epimer at C"
and

1 H 0 their enantiomers
H3C CH3

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 CuH17N2Na03 taking
into account the assigned content of pentobarbital CRS and a
conversion factor of 1.097.

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Free pentobarbital
Maximum 3.5 per cent.

Dissolve 2.00 gin 75 mL of dimethylformamide R, heating
gently if necessary. Titrate with 0.1 M sodium methoxide until
the colour changes from olive-green to blue, using 0.25 mL
of a 10 gIL solution of thymol blueR in dimethylformamide R
as indicator. Carry out a blank titration.

1 mL of 0.1 M sodium methoxide is equivalent to 22.63 mg of
pentobarbital.

Loss on drying (2.2.32)
Maximum 3.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Development Over 3/4 of the plate.

Detection Examine immediately 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.

C. To about 10 mg add about 10 mg of vanz7lin R and 2 mL
of sulfuric acid R. Mix and heat on a water-bath for 2 min.
A reddish-brown colour develops. Cool and add cautiously
5 mL of anhydrous ethanol R. The colour becomes violet and
then blue.

D. Ignite 1 g. The residue gives reaction (a) of sodium
(2.3.1).

TESTS
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.withthe sar,n"e solvent.

Related substances
Liquid 'chromatography (2.2.29).

Test solution raj 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 mL with the mobile phase.

Reference solution (a) Dilute 1.0 mL oftest solution (b) to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 2.5 mg of pentobarbital
impurityE CRS in the mobile phase and dilute to 25 mL
with the 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.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped extra-dense bonded octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobilephase Mix 35 volumes of acetonitrile R1 and
65 volumes of a 1.36 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 3.5 with dilute
phosphoric acid R.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 214 nm.

Injection 10 ilL of test solution (a) and reference
solutions (a) and (b).

Run time 2.5 times the retention time of pentobarbital.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity E.
Relativeretention 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).
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PhEur __~ _

Testsolution Dissolve 20 mg of the substance to be
examined in methanol R and dilute to 10 mL with the 'same
solvent.

Reference solution Dissolve 20 mg of pentoxifylline CRS in
methanol R and dilute to 10 mL with the same solvent.

Plate TLC silica gelF254 plateR.
Mobile phase methanol R, ethylacetate R (15:85 VIV').

Application 5 JlL.
Development 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 position and size to the
principal spot in the chromatogram obtained with the
reference solution.

D. It gives the reaction of xanthines (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R prepared from
distilled waterR and dilute to 50 mL with the same solvent.

Appearance of solution
A 40 per cent VIV solution of solution S is clear (2.2.1) and
not more intensely coloured than reference solution Y7

(2.2.2, MethodII).

Acidity
To 8 mL of solution S add 12 mL of carbon dioxide-free
waterRand 0.05 mL of bromothymol blue solution Rl.
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).

Solventmixture A mixture of equal volumes of a 5.44 gIL
solution of potassium dihydrogen phosphate R and methanolR.

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) Dilute 2.0 rnL of the test solution to
100.0 rnL with the solvent mixture. Dilute 5.0 mL of this
solution to 100.0 mL with the solvent mixture.

Reference solution (b) Dilute 10.0 mL of reference
solution (a) to 50.0 rnL with the solvent mixture.

Reference solution (c) Dissolve 2 mg of caffeine R
(impurity F) and 2 mg of theophylline R (impurity C) in the
solvent mixture, add 1 rnL 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 theophylline R (impurity C) in the solvent mixture
and dilute to 100.0 mL with the solvent mixture. Dilute
1.0 mL to 25.0 mL with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.0 mm,
- stationary phase: base-deactivated octylsilyl silica gelfor

chromatography R (5 urn),
- temperature: 30°C.

Mobile phase:
- mobile phaseA: mix 30 volumes of methanol Rand

70 volumes of a 5.44 gIL solution of potassium dihydrogen
phosphate R; .

6493-05-6

and enantiomer

278.3

Action and use
Vasodilator.

Pentoxifylline
(Ph. Bur. monograph 0851)

F. 5-ethyl-5-[(2RS)-4-methylpentan-2-yl]-1,3-diazinane
2,4,6-trione.

~
o ~'?"o

H3C I
. . NH and enantiomer

: H
H3C CH3

0

CH3

E. 5-ethyl-5-(pentan-3-yl)-1,3-diazinane-2,4,6-trione,

~
o . ~~oH3C I

NH

H
3C

. 0

H3C

D.5-methyl-5-[(2RS)-pentan-2-yl]-1,3-diazinane-Z,4,6
trione,

DEFINITION
3,7-Dimethyl-1-(5-oxohexyl)-3,7-dihydro-lH-purine-2,6
dione.

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 methylene chloride,
sparingly soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: A, B.

Second identification: A, C~ D.

A. Melting point (2.2.1'1-): 103°C to 107 -c.
E. Infrared absorption spectrophotometry (2.2.24).

Comparison pentoxifylline CRS.

C. Thin-layer chromatography (2.2.27).
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- mobile phase B: mix 30 volumes of a 5.44 gIL solution of
potassium dihydrogen phosphate R and 70 volumes of
methanolR;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-6 85 15

6 - 13 85 -+ 10 15 -+ 90

13 - 30 10 90

30 - 35 10 -+ 85 90 -+ 15

35 - 45 85 15

Flow rate 1 mIJmin.
Detection Spectrophotometer at 272 nm.

Injection 10 ilL.
Relative retention With reference to pentoxifylline (retention
time =about 12 min): impurity A =about 0.3;
impurity C = about 0.4; impurity F =about 0.5;
impurityJ = about 1.6.

System suitability. Reference solution (c):
- retention time: impurity F = 4 min to 7 min;

pentoxifylline = 9 min to 13 min; if necessary adapt the
mixing ratio of the mobile phases;

- resolution: minimum 4 between the peaks due to
impurity C and impurity F.

Limits:
- impurities A, C, F: for each impurity, not more than the

area of the corresponding peak in the chromatogram
obtained with reference solution (d) (0.1 per cent),

- impurityJ: not more than the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.1 per cent),

- any otherimpurity: 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)
Maximum 100 ppm.

Place 20 mL of solution S in a separating funnel and shake
with 2 quantities, each of 20 mL, of 2-methylpropanol 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.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying
over diphosphorus pentoxide R at 60°C at a pressure not
exceeding 700 Pa.

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

ASSAY
Dissolve 0.200 ginS mL of anhydrous acetic acidR.
Add 20 mL of acetic anhydride R. Titrate with 0.1 M
perchloric aciddetermining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 lVI perchloric acid is equivalent to 27.83 mg

of CnHlsN403'

STORAGE
Protected from light.

Pentoxifylline 11-563

IMPURITIES
Specified impurities A, C, F, J.
Other detectable impurities (the following substances would, if
present at a sufficient level, be detected. by one or other of the tests
in themonograph. They arelimitedby 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 forpharmaceutical use) B, D, E, G, H, I, K.

A. theobromine,

B. 3-methyl-3,7-dihydro-1H-purine-2,6-dione,

C. theophylline,

D. 1-(3-hydroxypropyl)-3,7-dimethyl-3,7-dihydro-1H-purine
2,6-dione,

E. 1,l'-methylenebis(3,7-dimethyl-3,7 -dihydro-1H-purine
2,6-dione),

F. caffeine,
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PhEur _

DEFINITION
2-[2-(Diethylamino)ethoxy]ethyl
1-phenylcyc1opentanecarboxylate dihydrogen
2-hydroxypropane-1,2,3-tricarboxylate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, very soluble in glacial acetic acid,
freely soluble in methanol, soluble in alcohol and in
methylene chloride.

mp
About 93°C.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum ofpentoxyverine
hydrogen citrate.

B. Dissolve 0.25 g in 5 mL of water R. The solution gives the
reaction of citrates (2.3~ 1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
50 rnL with the same solvent.

Appearanceofsmution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2) MethodII).

pH (2.2.3)
3.3 to 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
impurityA CRS and 5.0 mg of pentoxyverine impurity B CRS
in a conical flask, add 5.0 mL of the test solution and dilute
to 100.0 rnL with the mobile phase. Dilute 3.0 mL of the
solution to 50.0 rnL with the mobile phase.

Column:
- size: 1= 0.15 m,0 = 3.9 mrn,
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 urn) with a pore size of 10 nm and a
carbon loading of 12 per cent,

- temperature: 50°C.

Mobile phase Mix 35 volumes of acetonitrile Rand
65 volumes of a 1.5 gIL solution of sodium heptanesulfonate R
adjusted to pH 3.0 with dilute sulfuric acidR.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 20 ilL.
Run time 3 times the retention time of pentoxyverine.

Relative retention With reference to pentoxyverine (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,

23142-01-0525.6

<J.3,7-dinlethyl-6-(5-oxohexyloxy)-3,7-dillydro-211-purin-2
one,

o

H3C~O CH

~
' 3

N::V N

A I>
o N N

J

CH3

fI.3-methyl-1,7-bis(5-oxohexyl)-3,7-dihydro-111-purine-2,6
dione,

(Pentoxyuerine llydrogen Citrate) Ph. Bur. monograph
1621)

Action and use
Cough suppressant.

Pentoxyverine Citrate

1. 1-benzyl-3,7-dimethyl-3,7-dillydro-111-purine-2,6-dione,

J. 1-[(5E)-11-(3,7-dirnethyl-2,6-dioxo-2,3,6,7-tetrahydro
111-puuin-1-yl)-5-methyl-7-oxotllldec-5-enyfj-3,7
dimethyl-3,7-dihydro-111-puuine-2,6-dione,

K. 1,l'-(propane-1 ,3-diyl)bis(3,7-dimethyl-3,7-dihydro-111
purine-2,6-dione).

____________________ PhEur
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- 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:
- impurity A: not more than 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 more than one-third of the area of
the peak due to pentoxyverine in the chromatogram
obtained with the reference solution (0.1 per cent),

- totalof any otherimpurity: not more than the area of the
peak due to pentoxyverine in the chromatogram obtained
with the reference solution (0.3 per cent),

- 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 retentiontime.Iess than or equal to 2.5 min.

Loss on drying (2.2.32)
Maximum 0.5 percent, 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 0.400 gin 70 mL of anhydrous acetic 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 52.56 mg of
C26H39NOlO.

STORAGE
Protected from light.

IMPURITIES

A. 1-phenylcyclopentanecarboxylic acid,

B. 2-(diethylamino)ethyl 1-phenylcyclopentanecarboxylate
(caramiphen) .

____________________ PhEur

Pepsin 11-565

Pepsin
(Pepsin Powder) Ph. Eur. monograph 0682)

9001-75-6

Action and use
Proteolytic enzyme.

PhEur _

DEFINITION
Powder prepared from the gastric mucosa of pigs, cattle or
sheep. It contains gastric proteinases, active in acid medium
(pH 1 to 5).

Activity Not less than 0.5 Ph. Eur. D.lmg (dried
substance) .

PRODUCTION
The animals from which pepsin powder is derived must fulfil
the requirements for the health of animals suitable for human
consumption.

CHARACTERS
Appearance
White or slightly yellow, crystalline or amorphous powder,
hygroscopic.

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 of fibrin blue R. Suspend in 20 mL
of dilute hydrochloric acidR2. Filter the suspension on a filter
paper and wash with dilute hydrochloric acidR2 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 acidR2 and adjust to pH 1.6' ± 0.1. Add 1 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 diphosphorus pentoxide R at a pressure not
exceeding 670 Pa for 4 h.

Microbial contamination
TAMC: acceptance criterion 104 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).

ASSAY
The activity of pepsin powder is determined by comparing
the quantity of peptides, non-precipitable by trichloroacetic
acidsolution R and assayed using the phosphomolybdotungstic
reagent R, 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.
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Tubes

8 1 SIb Sz SZb S3 S3b T Tb B

DIlute hydrochloric acidR2 (rnL) 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 (mL) 0.75 0.75

Trichloroacetic acidsolution R (mL) 10.0 10.0 10.0 10.0 10.0

Mix + + + + +

Water bath at 25 -c + + + + + + + + +

Haemoglobin solution R (mL) 5.0 5.0 5.0 5.0 5.0

Mix + + + + +

Haemoglobin solution R (mL) 5.0 5.0 5.0 5.0

Mix + + + +

Water bath at 25 °C, 10 min + + + + + + + + +

Trichloroacetic acidsolution R (mL) 10.0 10.0 10.0 10.0

Mix + + + +

Filter + + + + + + + + +

For the testsolution and the reference solution, prepare the solution
and carry out the dilution at 0 "C to 4 "C.
Avoid shakingand foaming during preparation of the testand
reference solutions.

Test solution Immediately before use, prepare a solution of
the substance to be examined expected to contain
0.5 Ph. Eur. U.lrnL in diuae hydrochloric acidR2; before
dilution to volume, adjust to pH 1.6 ± 0.1, ifnecessary,
using 1 M hydrochloric acid.

Reference solution Less than 15 min before use, prepare a
solution ofpepsin powder BRP containing 0.5 Ph. Eur. U.lrnL
in dilute hydrochloric acidR2; before dilution to volume, adjust
to pH 1.6 ± 0.1, if necessary, using 1 M hydrochloric acid.

Designate tubes in duplicate T, T b, S1) SIb' Sz, SZb' S3' S3b;
designate a tube B.
Add dilute hydrochloric acidR2 to the tubes as follows:

B: 1.0 rnL

SI and SIb: 0.5 rnL

Sz, SZb and T and T b: 0.25 mL

Add the reference solution to the tubes as follows:

SI and SIb: 0.5 rnL

Sz and SZb: 0.75 rnL

S3 and S3b: 1.0 rnL

Add 0.75 mL of the test solution to tubes T and T b.
Add 10.0 mL of trichloroacetic acidsolution R to tubes SIb'
SZb' S3b' T band B. Mix 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' SZb' S3b
and T b. Mix.

At time zero add 5.0 mL of haemoglobin solution R
successively and at intervals of 30 s to tubes S1) Sz, S3
and T.

Mix immediately after each addition.

Exactly 10 min after adding the haemoglobin solution R, stop
the reaction by adding, at intervals of 30 s, 10.0 mL of

trichloroacetic acid solution R to tubes SI' Sz, S3 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 SO g/L solution of trichloroacetic acidR, then with waterR
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. Mix.

A suitable filterpapercomplies with thefollowing test Filter
5 mL of a SO gIL solution of trichloroacetic acidR through a
7 em disc of white 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 phosphomolybdotungstic reagent 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
SI' Sz, S3' SIb' SZb' S3b and T at 540 nm using the filtrate
obtained from tube B as the compensation liquid. Correct
the average absorbance values for the filtrates obtained from
tubes SI' Sz and S3 by subtracting the average values
obtained for the filtrates from tubes SIb' SZb' 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.
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Pergolide Mesilate

Reference solution (aj Dilute 1.0 mL of the test solution to
100.0 mL with methanolR. Dilute 1.0 mL of this solution to
10.0 mL with methanolR.

Reference solution (bj Dissolve 10 mg of 4,4'
dimethoxybenzophenone R in methanolR and dilute to 10 mL
with the same solvent. To 1 mL of the solution add 2 mL of
the test solution and dilute to 100 mL with methanolR.
Dilute 1 mL of this solution to 10 mL with methanolR.
Column:
- size:1= 0.25 m, (2) =4.6 mrn;
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40 "C.

Mobilephase:
- mobile phase A: mix 5.0 mL of morpholine for

chromatography R with 995 mL of waterR and adjust to
pH 7.0 with phosphoric acid R; use within 24 h;

- mobzle phaseB: acetonitrile R, methanolR, tetrahydrofuran R
(1:1:1 VIVIV);66104-23-2410.6

(ph. Bur. monograph 1555)

LABELLING
The label states the activity in European Pharmacopoeia
Units per milligram.

Action and use'
Dopamine rec~t~or~~onist;treatment of Parkinson's disease.

Time
(min)

Mobile phase A
(per cent VIJI)

Mobile phase B
(per cent VIJI)

Flow rate 1 mL/min.

Detection Spectrophotometer at 280 run.

Injection 20 J1L.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

4,4'-dimethoxybenzophenone (1st peak) and pergolide
(2nd peak).

Limits:
- impurityA: 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).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 105°C for 1 h.

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

ASSAY
Liquid chromatography (2.2.29).

SolutionA Dissolve 5.0 mg of DL-methionine R in 500 mL of
0.01 M hydrochloric acid. Add 500 mL of methanolRand
mix.

Test solution 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 CRS
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.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;

PhEur ----=v--~-:---------------

DEFINITION
(6aR, 9R, 1OaR)-9-[(Methylsulfanyl)methyl]-7-propyl
4,6,6a,7,8,9,10,1 Oa-octahydroindolo [4,3-jg]quinoline
monomethanesulfonate.

Content
97.5 per cent to 102.0 per cent (dried substance).

PRODUCTION
It is considered that alkyl methanesulfonate 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, ethyl and isopropyl methanesulfonate in
methanesulfonic acid, 2.5.38. Methyl, ethyl and isopropyl
methanesulfonate in active substances and
2.5.39. Methanesulfonyl 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 gin dimethylformamide 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 methanolR and dilute to 10.0 mL with the same
solvent.

0-35

35 - 40

40 - 50

70 -> 0

0->70

70

30 -> 100

100 -> 30

30
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107133-36-8441.6

(Perindopril ten-Butylamine, Ph. Bur. monograph
2019)

Action and use
Angiotensin converting enzyme inhibitor.

Preparation
Perindopril Erbumine Tablets

PhEur _

Perindopril Erbumine

DEFINITION
2-Methylpropan-2-amine (2S,3aS,7aS)-1-[(2S)-2-[[(lS)-1
(ethoxycarbonyl)butyl] amino]propanoyl]oetahydro-IH
indole-2-carboxylate.

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

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, 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) .

Dissolve 0.250 g in ethanol (96 per cent) Rand dilute to
25.0mL with the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison perindopril ten-butylamine CRS.

If the spectra obtained show differences, 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.

C. Examine the chromatograms obtained in the test for
impurity A.

Results In the chromatogram obtained with the test solution
a spot is observed with the same Rp as the spot with the
higher Rp in the chromatogram obtained with reference
solution (c) (zers-butylamine).

TESTS
Impurity A
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in methanolR and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 5 mg of perindopril
impurity A CRS in methanolR and dilute to 25.0 mL with the
same solvent:

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 20.0 mL with methanolR.

- stationaryphase: base-deactivated oetylsilyl silicagelfor
chromatography R (5 urn),

- temperature: 40 DC.

Mobilephase Mix 1 volume of acetonitrile R, 1 volume of
methanolRand 2 volumes of a mixture prepared as follows:
dissolve 2.0 g of sodium octanesulfonate R in water R, add
1.0 mL of anhydrous acetic acid R and dilute to 1000 mL
with water R.

Flow rate 1 mUmin.

Detection Spectrophotometer at 280 nm.

Injection 20 J1L.
Retention time Pergolide = about 9 min.

System suitability Reference solution:
- symmetryfactor: maximum 1.5 for the peak due to

pergolide.

Calculate the percentage content of CZoH30NZ03SZ from the
assigned content of pergolide mesilate CRS.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A.

Other detectable impurities (thefollowing substances uxndd, if
presentat a sufficientlevel, be detected by one or 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 identlJy these impurities for
demonstration of compliance. See also5.10. Controlof impurities
in substances for pharmaceutical use) B.

H r CH3

con:N
00

HN \\ 1/

~ -; /S <,CH
I H H 3

#

B. (6aR,9R, 1OaR)-9-[(methylsulfonyl)methyl] -7-propyl
4,6,6a,7,8,9,10, I Oa-octahydroindolo[4,3-fg]quinoline
(pergolide sulfone).

________________-'-- PhEur

A. (6aR,9R, lOaR)-9-[(methylsulfinyl)methyl] -7-propyl
4,6,6a,7,8,9,10,1 Oa-oetahydroindolo[4,3-fg]quinoline
(pergolide sulfoxide),
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D-2
now rate

The isocratic step is described for a chromatographic system
with a dwell volume (D) of 2 mL. If D is different from
2 mL, correct the gradient times with the value t, calculated
using the following expression:

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 21S nm.

Injection 20 ~L.

Identification of impurities Use the chromatogram supplied
with perindopril forpeak identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities B, E, F, Hand K.

Relativeretention With reference to perindopril (retention
time = about 2S 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).

perindopril in the chromatogram obtained with reference
solution (b).

Limits:
- impurity I: 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);

- disregard limit: disregard any peak with a relative retention
with reference to perindopril ofless than 0.6 or more
than 1.4.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use ormaintain them at a temperature below
10°C.

Testsolution Dissolve 60 mg of the substance to be
examined in mobile phase A and dilute to 20.0 mL with
mobile phase A.

Reference solution (a) Dissolve 3 mg of perindoprilfor peak
identification CRS (containing impurities B, E, F, Hand K)
in 1 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: I = 0.1 S m, (2) = 4 rnm;
-,- stationary phase: spherical end-capped octylsilyl silica gelfor

chromatography R (S urn) with a pore size of 15 nrn;
- temperature: 60°C for the column and the tubing

preceding the column.

Mobz7e phase:
- mobile phaseA: waterR adjusted to pH 2.5 with a mixture

of equal volumes of perchloric acidR and waterR;
- mobile phaseB: 0.03 per cent VIV solution of perchloric

acid R in acetonitrile R1;

5 -> 60

60 -> 5

Mobile phase B
(per cent VIJI)

95

95 -> 40

40 -> 95

Mobile phase A
(per cent VIJI)

Time
(min)

0- (5 - t)

(5 - t) - (60 - t)

(60 - t) - (65 - t)

Reference solution (c) To 5 mL of reference solution (a) add
5 mL of a 20 g/L solution of 1,1-dimethylethylamine R in
methanol R.

Plate TLC silica gelplate R.

Mobz7e phase glacial acetic acidR, toluene R, methanol R
(1:40:60 VIVIV).

Application 10 ~L of the test solution and reference
solutions (b) and (c).

Development Over 2/3 of the plate.

Drying In a current ofwann air.

Detection Expose to iodine vapour for at least 20 h.

System suitability Reference solution (c):
- the chromatogram shows 2 clearly separated 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 ethanoz":(96 per cent) 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 ethanol (96 per cent) R. Dilute 1.0 mL of this
solution to 10.0 mL with the same solvent.

Reference solution (b) Dissolve 10 mg of perindopril for
stereochemical purity CRS (containing impurity 1) in ethanol
(96 per cent) R and dilute to 5.0 mL with the same solvent.

Column:
- size: 1=0.25 m, (2) =4.6 rnm;
- stationary phase: spherical octadecylsilyl silica gelfor

chromatography R (5 1Jl11);
- 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).

Mobilephase Mix, in the following order, 21.7 volumes of
acetonitrile R, 0.3 volumes of pentanol R, and 78 volumes of
a 1.50 g/L solution of sodium heptanesulfonate R previously
adjusted to pH 2.0 with a mixture of equal volumes of
perchloric acidR and waterR.

Flow rate 0.8 mUmin.
Detection Spectrophotometer at 215 nm.

Equilibration Minimum 4 h.

Injection 10 pL.
Identification of impurities Use the chromatogram supplied
with perindopril for stereochemical purity CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity 1.

Run time 1.5 times the retention time of perindopril.

Relative retention With reference to perindopril (retention
time =about 100 min): impurity I =about 0.9.

System suiiability:
- the chromatogram obtained with reference solution (b) is

similar to the chromatogram supplied withperindopril for
stereochemical purity CRS;

- signal-to-noise ratio: minimum 3 for the principal peak in
the chromatogram obtained-with reference solution (a);

- peak-to-valley ratio: minimum 3, where Hp = height above
the baseline of the peak due to impurity I and ,
'Hv = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
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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
curve separating this peak from the peak due to
impurity K.

Limits:
- impun"ty E: not more than 0.8 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.4 per cent);

- impurity 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 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: the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 per cent).

Water (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 gin 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 perchloric add is equivalent to 22.08 mg
of C2~43N305.

STORAGE
In an airtight container.

IMPURITIES
Specifiedimpurities A, B, E, F, H, 1.

Other detectable impurities (the following substances would, if
presentat a sufficientlevel, be detected by one or otherof the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities 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) C, D, G, J, K, L, M,
N, 0, P, Q, R, S, T, U, ~ U7, X, Y,Z, AA, BB, cc.

A. (2S,3as,7a5)-octahydro-lH-indole-2-carboxylic acid,

2020

B. (2S,3aS,7a5)-I-[(2S)-2-[[(IS)-1-carboxybutyl]
amino]propanoyl]octahydro-lH-indole-2-carboxylic acid
(perindoprilat),

c. (2S)-2-[(3S,5aS,9aS,lOaS)-3-methyl-l,4
dioxodecahydropyrazino [1,2-a]indol-2 (1H)-yl]pentanoic
acid,

D. (2S)-2-[(3S,5aS,9aS,lOaR)-3-methyl-I,4
dioxodecahydropyrazino[I,2-a]indol-2(1H)-yl]pentanoic
acid,

E. (2S,3aS, 7aS)-I-[(2S)-2-[[(I5)-1-[(1-·~·
methylethoxy) carbonyl]butyl] amino]propanoyl] octahydro
IH-indole-2-carboxylic acid,

F. ethyl (2S)-2-[(3S,SaS,9aS,10aS)-3-methyl-l,4
dioxodecahydropyrazino[1,2-a]indol-2 (1H)-yl]pentanoate,

Qo
N--( 0 H;:)tN~~,'CO'H and eplmer at C·

H3C H CH3 H

H

G. (2S,3aS,7aS)-I-[(2S)-2-[(SRS)-3-cyclohexyl-2,4-dioxo-5
propylimidazolidin-Lyljpropanoyl]oetahydro-lH-indole-2
carboxylic acid,
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QND
N~ 0 H

o~: ~~(8"C02H andepimeratC*

~)\ : H
HaC H CHa H

H

H. (2S,3aS,7aS)-I-[(2S)-2-[(5RS)-3-cyclohexyl-2
(cyclohexylimino)-4-oxo-5-propylirnidazolidin-l-yl]
propanoyl]octahydro-lH-indole-2-carboxylic acid,

I. (2RS,3aRS,7aRS)-1-[(2RS)-2-[[(lSR)-1
(ethoxycarbonyljbutyl] amino]propanoyl]octahydro-1H
indole-z-carboxylic acid ((± )-l/l-epi-perindopril),

, 0°(8H.,C02H
H N .'
2" N '

Had H
H

H

J. (2S,3aS,7aS)-I-[(2S)-2-aminopropanoyl]oetahydro-1H
indole-2-carboxylic acid,

o~
HN. .LX "'"0

H CH3

K. (3S,5aS,9aS, 1OaS)-3-methyldecahydropyrazino[1,2-a]
indole-l,4-dione,

1(8H....C0
2
H

HaC N -

H
H

L. (2S,3aS,7as)-1-acetyloctahydro-1H-indole-2-carboxylic
acid,

M. (2S,3aS,7aS)-I-[(2S)-2-[[(1S)-1-(methoxycarbonyl)butyl]
amino]propanoyl]octahydro-1H-indole-2-
carboxylic acid,

Perindopril Erbumine 11-571

N. (2S)-3-cyclohexyl-2-[[(2S)-2-[[(IS)-I-
(ethoxycarbonyl)butyl]amino]propanoyl]amino]propanoic
acid,

O. (2S,3aS,7aS)-I-[[(2S,3aS,7aS)-I-[(2S)-2-[[(IS)-1
(ethoxycarbonyl)butyl] amino]propanoyl]oetahydro-1H
indol-2-yl] carbonyl]octahydro-lH-indole-2-earboxylic
acid,

1-[2- [[1-(ethoxycarbonyl) butyl] amino]propanoyl]oetahydro
IH-indole-2-carboxylic acid,

P. (2RS,3aRS, 7aRS)-, (2'SR)-, (1/1RS)-:
(±)-2'-epi~perindopril,

Q. (2RS,3aRS,7aSR)-, (2'RS)-, (1/1RS)-:
(± )-7 a-epi-perindopril,

R. (2RS,3aSR,7 aRS)-, (2'RS)-, (1/1RS)-:
(± )-3a-epi-perindopril,

S. (2SR,3aRS,7aRS)-, (2'RS)-, (l/lRS)-:
(± )-2-epz:..perindopril,

T. (2RS,3aRS,7aRS)-, (2'SR)-, (I/1SR)-:
(±)-1/1,2'-di-epi-perindopril,

U. (2RS,3aRS,7aSR)-, (2'RS)-, (I/1SR)-:
(± )-1/1,7a-di-epi-perindopril,

V. (2SR,3aSR,7aRS)-, (2'RS)-, (I/1RS)-:
(± )-2,3a-di-epi-perindopril,

W. (2SR, 3aRS,7aRS)-, (2' RS)-, (1/1SR)-:
(± )-1/1,2-di-epi-perindopril,

X. (2SR,3aRS,7aSR)-, (2'RS)-, (I/1RS)-:
(± )-2,7a-di-epi-perindopril,

Y. (2SR,3aRS,7aRS)-, (2'SR)-, (I/1RS)-:
(± )-2,2'-di-epi-perindopril,

Z. (2RS,3aSR, 7aRS)-, (2' RS)-, (1/1SR)-:
(± )-1/1,3a-di-epi-perindopril,

AA. (2RS,3aSR,7aSR)-, (2'RS)-, (I"RS)-:
(± )-3 a,7a-di-epi-perindopril,

BB. (2RS,3aSR,7aRS)-, (2'SR)-, (I/1RS)-:
(± )-2',3a..,.di-epi-perindopril,

CC. (2RS,3aRS,7aSR)-, (2'SR)-, (I/1RS)-:
(± )-2',7a-di-epi-perindopril.
___________________ PhEur
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11-572 Permethrin (25:75) 2020

Ph Eur _

(Ph. Eur. monograph 1762)

Permethrin (25:75)

45

45 - 290

290

250

290

Temperature
CC)

Time
(min)

0-2

2 - 26.5

26.5 - 40.5

Column

Injection port

Detector

- stationary phase: poly(dimethyl)siloxane R (film thickness
1.5 um),

Carrier gas nitrogen for chromatography R.

Flow rate 12.0 mIJmin.

Split ratio 1:10.

Temperature:

Detection Flame ionisation.

Injection 1 flL.
Identification of impurities 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 0.5;
impurity C =about 0.7; impurity G =about 0.9.

Systemsuitability Reference solution (a):
- resoluti.on: 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 1.5;
- impurities B~ 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;
- reporting threshold: 0.05 per cent (reference solution (bj),

Water (2.5.32)
Maximum 0.25 per cent, determined onO~100 g using the
evaporation technique:
- temperature: 110 DC;
- heatingtime: 3 min.

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

ASSAY
Liquid chromatography (2.2.29).

Testsolution Warm the substance to be examined at
70-85 DC 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 Wann permethrin (25:75) CRS at 70-85 DC
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.

Column:
- size: I = 0.25 In, 0 = 4.6 mID;
- stationary phase: silica gelfor chromatography R (5 urn);
- temperature: 30 DC.

Mobile phase dioxan R, heptane R (1.1:98.9 VIV)o
Flow rate 1.2 mUmin.

Detection Spectrophotometer at 280 nm.

Injection 20~.·

Run time Twice the retention time of cis-permethrin.

52645-53-1391.3
Undefined cis/trans ratio

~
o

H .1 0V°,().... I I
CH

3
~ ~

CI Cl CH3 its epimer at C·
and their enantiomers

Action and use
Insecticide.

DEFINITION
Mixture of the cisand trans isomers of
(3-phenoxyphenyl)methyl (1RS,2RS)-2-(2,2-dichloroethenyl)
3,3-dimethylcyc1opropane-1-carboxylate.

Content
- total: 98.0 per cent to 102.0 per cent (anhydrous

substance);
- cisisomer. 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 slightly brownish viscous liquid, semi-solid or
crystalline solid.

Solubility
Practically insoluble in water, very soluble in heptane, freely
soluble in anhydrous ethanol, sparingly soluble in ethylene
glycol.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison permethrin (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.

Testsolution Warm the substance to be examined at
70-85 DC for 20 min. Dissolve 1.0 g of this substance in
heptane R and dilute to 20.0 mL with the same solvent.

Reference solution (a) Dissolve 50 mg of permethrin for system
suitability CRS (containing impurities B, C and G) in
heptane 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 mLwith heptane R. Dilute 1.0 mL of this solution to
20.0 mL with heptane R.
Column:
- material: fused silica;
- size: 1= 15 m, 0 = 0.53 mID;
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Retention time cis-permethrin = about 6 min.

Elution order cis-permethrin, trans-pennethrin.

System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to cis

permethrin and trans-pennethrin.

Calculation of percentage contents:
- calculate the percentage content of cis-pennethrin and

trans-permethrin by normalisation;
- calculate the percentage content of CZIHzoClz03 taking

into account the assigned content of
permethrin (25: 75) CRS.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities B, C.

Other detectable impurities (the following substances would, if
presentat a sufficientlevel, be detected by one or other of the tests
in the. monograph. ~ey are limited by the general acceptance
criter!?n for other/un~~cified impurities. and/orby thegener.al
monograph Substanqes for pharmaceutical use (2034). It is

therefore not necessaij to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phdrmaceutl'cal use) A, D, B, F, G, H.

Perphenazine 11-573

xeo
: 0

H _ *' ° ~ I ::P' I
./"" CH VU
CI CH3 3

its epimer at C*
and their enantiomers

G. 3-(phenoxyphenyl)methyl (lRS,2RS)-2-(chloroethynyl)
3,3-dimethylcyclopropane-1-carboxylate,

H. 2-(2,2-dichloroethenyl)-3,3-dimethylcyclopropane-1
.carboxylic anhydride.

____________________ PhEur

Perphenazine
(Ph. Bur. monograph 0629)

Action and use
Dopamine receptor antagonist; neuroleptic.

A. 1-methyl-3-phenoxybenzene,

;{;

: o
H......: OCH3

CH CH3 its epimer at C*
CI CI 3 and their enantiomers

404.0 58-39-9

B. methyl (lRS,2RS)-2-(2,2-dichloroethenyl)-3,3
dimethylcyclopropane-1-carboxylate,

C. (3-phenoxyphenyl)methanol,

OHCyY0~

00
D. 3-phenoxybenzaldehyde,

E. 1-(chloromethyl)-3-phenoxybenzene,

H

£{
.i C02H

-~-,

. CHCH3 its epimer at C*
CI CI 3 and their enantiomers

F. (lRS,2RS)-2-(2,2-dichloroethenyl)-3,3
dimethylcyclopropane-1-carboxylic acid,

PhEur ~ _

DEFINITION
2-[4- [3-(2-Chloro-1 OH-phenothiazin-1O-yl)propyl]piperazin
1-yl]ethanol.

Content
99.0 per cent to 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.

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.20 g in 10 rnL of methanol R.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use. Carry out the testprotected from light.
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Test solution Dissolve 20 mg of the substance to be
examined in mobile phase 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 to 10.0 mL with mobile phase A.

Reference solution (b) Dissolve 2 mg of perphenazine for
system suitabilityCRS (containing impurities A and B) in
1.0 mL of mobile phase A.

Column:
- size: 1= 0.25 m, 0 = 4.6 rnm;
- stationaryphase: spherical base-deactivated octylsilyl silica gel

for chromatography R (4 urn);
- temperature: 30 "C.
Mobilephase:
- mobile phaseA: mix 35 volumes of acetonitrile R and

65 volumes of a·7 gIL solution of sodium dihydrogen
phosphate R;

- mobile phase B: acetonitrde R;

ASSAY
Dissolve 0.150 gin 25 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 perchloric add is equivalent to 20.20 mg of
C21H26CIN30S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

A. 2- [4-[3-(2-chloro-5-oxido-1 OH-phenothiazin-1 O-yl)propyl]
piperazin-l-yl] ethanol,

Time Mobile phase A Mobile phase B
(min) (per cent VIII) (per cent VIV)

0-5 100 0

5 - 10 100 ..... 80 0 ..... 20

10 - 33 80 ..... 30 20 ..... 70

33 - 48 30 ..... 100 70 ..... 0

PhEur _

_____________________ PhEur

Pethidine Hydrochloride

50-13-5283.8

Action and use
Opioid receptor agonist; analgesic.

Preparations
Pethidine Injection

Pethidine Tablets

(Ph. Bur. monograph 0420)

B. 2- [4-[3-( 1OH-phenothiazin-l 0-yl)propyl]piperazin-1-yl]
ethanol.

DEFINITION
Ethyl 1-methyl-4-phenylpiperidine-4-carboxylate
hydrochloride.

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

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.

Flow rate 1.3 mUrnin.
Detection Spectrophotometer at 245 nm.
Injection 10 ~.

Identification of impurities Use the chromatogram supplied
with perphenazinefor system suitabilityCRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and B.
Relative retention With reference to perphenazine (retention
time =about 12 min): impurity A =about 0.3;
impurity B = about 0.8.

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

impurity Band perphenazine.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 0.6;
- impurity 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 peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- unspecified impurities: for each impurity, not more than the
area ofthe 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).

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 1.0 g.
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Mobile phase:
- mobile phaseA: mix equal volumes of a 42.0 gIL solution

of sodiumperchlorate R and of all.6 gIL solution of
phosphoric acidR, adjust to pH 2.0 with triethylamine R,

- mobile phaseB: acetonitrile R,

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 210 nm.

Injection 50 JlL; inject test solution (b) and reference
solution (d).

Relative retention With 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-valley ratio: minimum 4, where Hp = height above

the baseline of the peak due to impurity B, and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity A.

Limit:
- impurityB: not more than the area of the corresponding

peak in the chromatogram obtained with reference
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 J1L; inject test solution (a) and reference
solution (a).

Limits:
- any impurity: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.5 per cent),

- 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 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 0.220 gin 50 mL of alcohol R. Add 5.0 mL of
0.01 M hydrochloric add. 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.

1 mL of 0.1 M sodium hydroxide is equivalent to 28.38 mg of
ClsH2ZCINOz.

STORAGE
In an airtight container, protected from light.

Solubility
Ver:ysoluble in water, freely soluble in alcohol.

IDENTIFICATION
First identification: B, D.
Secondidentification: 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 spectrum ofpethidine
hydrochloride.
C. Dissolve 0.1 gin 10 rn.L of ethanol R and add 10 mL of
picric acid solution R. A crystalline precipitate is formed which,
when washed with waterR 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 than that of the precipitate.

D. To 5 mL of solution S (see Tests) add 5 mL of waterR.
The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Solution. S
Dissolve 0.5 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 colourless (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.2 mL of methylredsolution R
and. 0.2 mL of 0.01 M sodium hydroxide. The solution is
yellow. Add 0.3 rn.L of 0.01 M hydrochloric acid. The solution
is red.

lmpurityB
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 0.100 g of the substance to be
examined in a mixture of 20 volumes of acetonitrile Rand
80 volumes of waterR and dilute to 25.0 mL with the same
mixture of solvents.

Test solution (b) Dissolve 0.125 g of the substance to be
examined in a mixture of 20 volumes of acetonitrile Rand
80 volumes of waterR 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 of pethidine
impurity A CRS in a mixture of 20 volumes of acetonitrile R
and 80 volumes of waterR and dilute to 100.0 mL with the
same mixture of solvents.

Reference solution (c) Dissolve 12.5 mg of 1-methyl-4-phenyl
1,2,3,6-tetrahydropyridine R in a mixture of 20 volumes of
acetonitrile Rand 80 volumes of water R and dilute to
10.0 m.L with the same mixture of solvents. Dilute 1.0 mL of
the solution to 100.0 rn.L with a mixture of20 volumes of
acetonitrile R and 80 volumes of water R.
Reference solution (d) . Dilute 5.0 mL of reference
solution (b) and 1.0 rn.L of reference solution (c) to
100.0 m.L with a mixture of 20 volumes of acetonitrile Rand
80 volumes of waterR.

Column:
- size: 1= 0.25 m, {2) = 4.0 mm,
- stationaryphase: spherical end-capped octadecylsilyl silica .gel

for chromatography R (5 J.UIl) with a specific surface area of
340 m 2/g, a pore size of 10 nm and a carbon loading of
19 per cent.

Time
(min)

0- 15

15 - 31

31 - 40

Mobile phase A
(per cent VIJI)

80 -> 75

75 -> 55

55

Mobile phase B
(per cent VIJI)

20 -> 25

25 -> 45

45
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LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES

A. I-methyl-4-phenylpiperidine (l\1PP),

B. I-methyl-4-phenyl-l,2,3 ,6-tetrahydropyridine (MPTP),

C. I-methyl-4-phenylpiperidine-4-carboxylic acid,

2020

1. ethyl (4RS)-l-methyl-4-phenyl-l ,2,3,4-tetrahydropyridine
4-carboxylate,

.J. ethyl l-ethyi-4-phenylpiperidine-4-carboxylate.
____________________ PhEur

Phenazone
(Ph. EUT. monograph 0421)

Action and use
Analgesic; used to test hepatic drug-metabolizing activity.

Qf2
.... CH3_ N

\- Jf
o OCHa

188.2 60-80-0

D. methyl I-methyl-4-phenylpiperidine-4-carboxylate,

E. ethyl 4-phenylpiperidine-4-carboxylate,

F. I-benzyl-4-phenylpiperidine-4-carboxylic acid,

G. I-methylethyl I-methyl-4-phenylpiperidine-4-carboxylate,

H. ethyl I-benzyl-4-phenylpiperidine-4-carboxylate,

PhEur _

DEFINITION
1,5-Dimethyl-2-phenyl-l,2-dihydro-3H-pyrazol-3-one.

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 soluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
First identification: A, B.
Secondidentification: A., C., D.

A. Melting point (2.2.14): 109 °C to 113 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Comparison phenazone CRS.

C. To 1 mL of solution S (see Tests) add 4 mL of waterR
and 0.25 mL of diliae sulfuric acid R. Add 1 mL of sodium
nitritesolution R; a green colour develops.

D. To 1 mL of solution S add 4 mL of waterRand 0.5 mL
ofJeme chloride solution R2. A red colour develops which is
discharged on the addition of dilute sulfuric acidR.

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, Method II).
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____________________ PhEur

A. 5-methyl-2-phenyl-2 ,4-dihydro-3H-pyrazol-3-one.

CHARACTERISTICS
A white powder or pearly platelets.

Freely soluble in water; practically insoluble in ethanol (96%)
and in ether.

156-51-4

Action and use
Monoamine oxidase inhibitor; antidepressant.

Preparation
Phenelzine Tablets

234.3

Phenelzine Sulfate
Phenelzine Sulphate

DEFINITION
Phenelzine Sulfate is phenethylhydrazine hydrogen sulfate.
It contains not less than 98.0% and not more than 102.0%
of CSH12N2,H2S04' calculated with reference to the dried
substance.

IDENTIFICATION
A. The light absorption, Appendix II B, in the range 230 to
350 nm of a 0.1% w/v solution in 0.05M sulfuric acid exhibits
three well-defined maxima, at 252, 258 ~d 263 nm.
The absorbances at the maxima are about 0.62, about 0.77
and about 0.58, respectively.

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 mL of waterR. Add 2 g of sodium
acetate R, 1 mL of dilute acetic acidRand 25.0 mL of 0.05 M
iodine. Allow to stand protected from light for 30 min.
Add 25 mL of methylene chloride R and shake until the
precipitate dissolves. Titrate with 0.1 M sodium thiosulfate,
using 1 mL of starch solution R, added towards the end of the
titration, as indicator. Carry out a blank titration.

1 mL of 0.05 M iodine is equivalent to 9.41 mg of
Cl1H12N20.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Acidity or alkalinity
To 10 rnL of solution S add 0.1 mL ofpherwlphthalein
solution R; the solution is colourless. Add 0.2 mL of 0.01 1\1
sodium hydroxide; the solution is red. Add 0.25 mL of methyl
red solution Rand 0.4 mL of 0.01 M hydrochloric acid; the
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 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 rnL with the mobile phase.

Reference solution (b) Dissolve 5 mg of phenazone
impurity A CRS in the mobile phase, add 10 mL of the test
solution and dilute 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 (c) Dissolve 5.0 mg ofphenazone
impurityA ·CRSS.n the mobile' phase and dilute to 20.0 mL
with the mobile phase. Dilute 1.0 mL of this 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: l =0.15 m, 0 =6.0 mm;
- stationaryphase: spherical octadecylsilyl silica gelfor

chromatography R (5 /lID).

Mobile phase Dissolve 6.8 g of potassium dihydrogen
phosphateR in water R and dilute to 1000 mL with the same
solvent. Add 2 mL of triethylamine R and adjust to pH 7.0
with sodium hydroxidesolution R. Add 430 mL of methanolR.

Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 254 nm.

Injection 10 J.LL.
Run time 3 times the retention time of phenazone.

Relative 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 peaks due to

impurity A and phenazone.

Limits:
- impurity A: not more than-the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.05 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 the area of 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 peak in
the chromatogram obtained with reference solution (a)
(0.03 per cent).

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 100 ppm.

Dissolve 1.5 g in distilled water R and dilute to 15 mL with
the same solvent. .
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B. Dissolve 0.1 ginS mL of water, make alkaline with
5M sodium hydroxide and add 1 mL of cupri-tartaric
solution R1. 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 pentoxide at a pressure not
exceeding 0.7 kPa for 24 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 III D, using the following solutions.

(1) 0.026% w/v of the substance to be examined in the
mobile phase.

(2) 0.026% w/v phenelzine sulfate BPCRS in themobile phase.

CHROMATOGRAPHIC CONDITIONS

(a) A stainless steel column (15 em x 3.9 mm) packed with
octadecylsilyl silica gelfor chromatography (5 JllTI) (Waters
Symmetry C18 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 a detection wavelength of 210 nm.

(f) Inject 20 ilL of each solution.

MOBILE PHASE

40 volumes of methanol R2 and 60 volumes of a solution of
0.216% w/v sodium octanesulfonate and 0.68% w/v potassium
dihydrogen phosphate previously adjusted to pH 3.0 with
orthophosphoric add.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (2), the symmetry factorof the principal peak is
between 0.8 and 2.0.

DETERMINATION OF CONTENT

Calculate the content of CsH12Nz,H2S04 in the substance
being examined using the declared content of CSH12N2,
H 2S0 4 in phenelzine sulfate BPCRS.

STORAGE
Phenelzine Sulfate should be protected from light.

Phenindione

o

exto
o

2020

Preparation
Phenindione Tablets

DEFINITION
Phenindione is 2-phenylindane-1,3-dione. It contains not less
than 98.0% and not more than 102.0% of ClsHlOOz,
calculated with reference to the dried substance.

CHARACTERISTICS
Soft, white or creamy white crystals.

Very slightly soluble in water; slightly soluble in ethanol (96%)
and in ether. Solutions are yellow to red.

IDENTIFICATION
The infrared absorption spectrum, Appendix II A, is concordant
with the reference spectrum of phenindione (RS 268).

TESTS
Melting point
148° to 1510, Appendix V A.

Related substances
Carry out the method for liquidchromatography,
Appendix III D, using the following solutions prepared
immediately before use.

(1) 0.25% w/v of the substance being examined in methanol.

(2) Dilute 1 volume of solution (1) to 200 volumes with
methanol.
(3) 0.0005% w/v each of phenindione BPCRS, phe11Jllacetic
acid (impurity 3), benzalphthalide (impurity 4) and phthalic
acid (impurity 5) in methanol.
(4) Dilute 1 volume of solution (2) to 10 volumes of
methanol.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (10 cm x 4.6 mm) packed
with end-capped octadecylsilyl silica gelfor chromatography
(3.5 IJ.ID) (X-bridge shield C18 is suitable).

(b) Use gradient elution and the mobile phase descnbed
below.

(c) Use a flow rate of 1.5 mL per minute.

(d) Use a column temperature of 30°.

(e) Use a chilled auto-sampler temperature of 4°.

(f) Use a detection wavelength of 220 nm.

(g) Inject 10 IlL of each solution.

MOBILE PHASE

Mobzle phase A 10 volumes acetonitrile, 10 volumes of a
1.36% w/v dipotassium hydrogen phosphate solution previously
adjusted to pH 3.0 with orthophosphoric acid, and 80 volumes
of water.
Mobzle phaseB 10 volumes waterand 90 volumes acetonitrile.

Time (Minutes) Mobile phase A Mobile phase B Comment
(%v/v) (%v/v)

0-0.5 80 20 isocratic

0.5-10 80-50 20-50 linear gradient

10-13 50 50 isocratic

13-21 50-30 50-70 linear gradient

21-22 30-80 70-20 linear gradient

22-25 80 20 re-equilibration

222.2

Action and use
Oral anticoagulant (indanedione).

83-12-5 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.
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C
C02H

and enantiomer , I
C0 2H

132-20-7356.4

(Ph. Bur. monograph 1357)

o

~OH

V 6

o

O{Q0 H , ,
# V ~

o .-:::;

HO 0

(YOH

Action and use
Histamine HI receptor antagonist; antihistamine.

4. 3-;benzylidene-2-benzofuran-l (3H)-one (benzalphthalide)

5. phthalic acid

Pheniramine Maleate

1. 2-hydroxy:"'2-phenyI-IH-indene~1,3(2H) -dione

3. phenylacetic acid

2. 2'-diphenyl-IH,l'H-[2,2'-bi-indene]-1,l',3,3'(2H,2'H)
tetrone

IMPURITIES
The impurities limited by the requirements of this
monograph include:

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with .solution (3) the resolution between the peaks due to
impurity 5 and impurity 3 is at least 4.6.

LIMITS

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 ~~'::'i

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 III D, using the following solutions prepared
immediately before use.

SolutionA 2% v/v glacialacetic acid in acetonitrile.

(1) 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 of phenindione BPCRS in 20 mL of O.OIM sodium
hydroxide and 30 mL of solution A. Make up to 100 mL with
solution A.
(3) 5 mg each of phenindione BPCRS and phenylacetic acid
(impurity 3) in 5 mL of O.OIM 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 octadecylsilyl silica gelfor chromatography
(5 urn) (Symmetry C18 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 of 4°.

(f) Use a detection wavelength of 250 nm.

(g) Inject 10 IlL 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 orthophosphoric acid.

SYSTEM SUITABILITY

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 least 6.0.

DETERMINATION OF CONTENT

Calculate the content of ClsHlOOZ using the declared
content of C1sHlOOZ in phenindione BPCRS.
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PhEur _

DEFINITION
(3RS)-N,N-Dimethyl-3-phenyl-3-(pyridin-2-yl)propan-1
amine (Z)-butenedioate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent),
in methanol and in methylene chloride.

IDENTIFICATION
First identification: C.

Secondidentification: A~ B) D.
A. Melting point (2.2.14): 106 DC to 109 DC.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 40.0 mg in 0.1 .LVI hydrochloric acid and
dilute to 100.0 mL with the same acid. Dilute 5.0 mL of the
solution to 50.0 mL with 0.1 M hydrochloric acid.

Spectral range 220-320 om.
Absorption maximum At 265 nm.
Shoulder At 261 nm.
Specific absorbance at the absorption maximum 200 to 220.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison pheniraminemaleate CRS.

D. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.10 g of the substance to be
examined in methanolR and dilute to 5.0 mL with the same
solvent.

Reference solution (a) Dissolve 65 mg of maleic acidR in
methanolR and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 0.10 g of pheniramine
maleate CRS in methanolR and dilute to 5.0 mL with the
same solvent.

Plate TLC silica gel F254 plate R.

Mobile phase water R, anhydrous formic acid R, methanol R,
di-isopropyl ether R (3:7:20:70 VIVIVIV).

Application 5 ilL.

Development Over 2/3 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 lower spot is similar in
position and size to the lower spot 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) jl;fethod 11).

pH (2.2.3)
4.5 to 5.5.

Dissolve 0.20 g in 20 rnL of carbon dioxide-free water R.

2020

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, mobile phase A (10:90 VIV).

Test solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Reference solution (aJ Dissolve 10.0 mg of pheniramine
impurityA 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 ofthis
solution to 10.0 ml, with the solvent mixture.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with the solvent mixture.

Reference solution (d) Dilute 1.0 mL of the test 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: 1= 0.30 m, 0 =3.9 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(10 JlIIl).

Mobz1e phase:
- mobile phaseA: dissolve 5.056 g of sodium

heptanesulfonate R in 900 mL of waterR, adjust to pH 2.5
with dilute phosphoric acidR and dilute to 1000 mL with
water R;

- mobile phaseB: acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-2 90 10

2 - 37 90 ~ 62 10 ~ 38

Flow rate 1 mUmin.

Detection Spectrophotometer at 264 nm.

Injection 20 J.tL.
Identification of impurities Use the chromatogram obtained
with, reference solution (a) to identify the peaks due to
impurities A and B.

Relative retention With reference to pheniramine (retention
time =about 31 min): maleic acid =about 0.1;
impurity A = about 0.9; impurity B = about 0.97.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurity Band pheniramine.

Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.2 per cent);

- impurity 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: maximum 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 DC for 3 h.
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____________________ PhEur

It forms water-soluble compounds with alkali hydroxides,
carbonates and ammonia.

IDENTIFICATION
First identification: A, B.

Second identification: A, 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 phenobarbital CRS and determine the melting
point of the mixture. The difference between the melting
points (which are about 176 0C) is not greater than 2 "C.
E. 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 per cent) R and dilute to 10.0 mL
with the same solvent.

Reference solution Dissolve 10 mg of phenobarbital CRS in
ethanol (96 per cent) R and dilute to 10.0 mL with the same
solvent.

Plate TLC silica gel GFZ54 plateR.

Mobile phase concentrated ammonia R, ethanol (96 per cent) R,
methylene chloride R (5:15:80 VIVIV); use the lower layer.

Application 10 ilL.

Development Over 2/3 of the plate.

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. It gives the reaction of non-nitrogen substituted
barbiturates (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, Method II).

Dissolve 1.0 g 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 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 0.1M 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.

Reference solution (a) Mix 1.0 mL of the test solution and
20.0 mL of methanol R and 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
impurityA CRS and 5.0 mg of phenobarbital impurityB CRS
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 mobile phase.

Column:
- size: 1= 0.25 m, (2) =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn),

50-06-6232.2

Action and use
Barbiturate.

Preparations
Phenobarbital Elixir

Phenobarbital Tablets

(Ph. Bur. monograph 0201)

Phenobarbital

E. 4-benzylpyridine.

PhEur _

A. 2...benzylpyridine,

DEFINITION
5-Ethyl-5-phenylpyrimicline-2,4,6(lH,3H,5H)-trione.

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).

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 acidR. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 .LVI perchloric acidis equivalent to 17.82 mg
of CZOHZ4Nz04'

STORAGE
Protected from light.

IMPURITIES
. Specified impurities A, B.
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____________________ PhEur

PhEur _

57-30-7254.2

&
0 ~yONa

H3C I
N

f '\ °

Action and use
Barbiturate.

Preparations
Phenobarbital Injection

Paediatric Phenobarbital Oral Solution

Phenobarbital Sodium Tablets

(Ph. Bur. monograph 0630)

H
HN N~NH

H3
Cg;I

NH .
:' andenantiomer

0°

B. (5RS)-5-ethyl-6-imino-5-phenyldihydropyrimidine-2,4
(lH,3H)-dione,

H
HN N~O

H3
cSt;1

r NH

0
,. and enantiomer

f '\ °

C. 5-methyl-5-phenylpyrimidine-2,4,6(lH,3H,5H)-trione.

Phenobarbital Sodium

A. (5RS)-5-ethyl-2,6-diimino-5-phenyltetrahydropyrimidin-4
(lH)-one,

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 almost white, crystalline powder, hygroscopic.

Solubility
Freely soluble in carbon dioxide-free water (a small fraction
may be insoluble), soluble in ethanol (96 per cent),
practically insoluble in methylene chloride.

It shows polymorphism (5.9).

Mobilephase Dissolve 6.60 g of sodium acetate R in 900 mL
of water R, add 3 mL of glacialacetic acid R, adjust to pH 4.5
with glad'aJ. acetic acid R and dilute to 1000 mL with water R.
.Mix 60 volumes of this solution with 40 volumes of
methand R..

Flow rate 1.0 mlImin.

Detection Spectrophotometer at 254 nm.

Injection 20!1L

Run time 2.1 times the retention time of phenobarbital.

Identification ufimpurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A and B.

Relative rete:mioo With reference to phenobarbital (retention
time = about 14 min): impurity A = about 0.2;
impurity B =about 0.3.

System suitability Reference solution (b):
- resohaion: minimum 1.5 between the peaks due to

impurities A and B.

Limits:
- impurily A: not more than 1.5 times the area of the

corresponding peak in 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 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).

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 ethanol (96 per cent) R and add
20 mL ofwaw' R. Titrate with 0.1 M sodium hydroxide,
determining the end-point potentiometrically (2.2.20).

1 rnL of 0.1 M sodium hydroxide is equivalent to 23.22 mg of
C12H1zN"z0 3'

IMPURITIES
Specified impurities A, B.

Other detectable impurities (the following substances would, if
presentat a sufficirmt 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/orby thegeneral
monograph Substancesfor pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances10'1" pharmaceuticaluse) c.
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IDENTIFICATION
First identification: A, B, E.

Second identification: A, C, D, E.
A. Acidify 10mL of solution S (see Tests) with dilute
hydrochloric acidR and shake with 20 mL of ether R. Separate
the ether layer, wash with 10 mL of water R, dry over
anhydrous sodium sulfate R and filter. Evaporate the filtrate to
dryness and dry the residue at 100-105 °C (test residue).
Determine the melting point .(2.2.14) of the 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 than 2 °C.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Use the test residue obtained in identification
test A.

Comparison phenobarbital 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 solution Dissolve 10 mg of the substance to be
examined in ethanol (50 percent VI8 Rand dilute to
10.0 mL with the same solvent.

Reference solution Dissolve 9 mg of phenobarbital CRS in
ethanol (50 percent VII-? R and dilute to 10.0 mL with the
same solvent.

Plate TLC silica gelFZ54 plateR.
Mobzle phase concentrated ammonia R, ethanol (96 percent) R,
methylene chlo:ide R (5: 15:80 VIVIV); use the lower layer.

Application 10 J.LL.
Development Over 2/3 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 ethanol (50 per cent VI8 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, MethodII).

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).

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 mobile phase.

Test solution (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.

Phenobarbital Sodium 11-583

Reference solution (a) Mix 1.0 mL oftest solution (b) and
20.0 mL of methanol R and dilute to 100.0 mL with the
mobile phase.

Reference solution (b) Dissolve 5.0 mg of phenobarbital
impurity A CRS and 5.0 mg of phenobarbital impurity B CRS
in 2.0 mL of methanol R and dilute to 10.0 rnL with the
mobile phase. Mix 1.0 mL of the solution and 20.0 mL of
methanol R and dilute to 100.0 mL with the mobile phase.

Reference solution (c) Dissolve 25.0 mg ofphenobarbital CRS
in 10.0 mL of methanol R and dilute to 50.0 mL with the
mobile phase.

Column:
- size: I =0.25 m, 0 =4.6 rnm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase Dissolve 6.6 g of sodium acetate R in 900 mL
of waterR, add 3 mL of glacial acetic acidR, adjust to pH 4.5
with glacial acetic acidR and dilute to 1000 rnL with water R.
Mix 60 volumes of this solution and 40 volumes of
methanol R.
Flow rate 1.0 mIJmin.

Detection Spectrophotometer, at 254 nm,

Injection 20 IlL of test solution (a) and reference
solutions (a) and (b).

Run time 2.5 times the retention time of phenobarbital.

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 phenobarbital (retention
time =about 13 min): impurity A =about 0.29;
impurity B = about 0.32.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities A and B.
Calculation 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);
- for impurities other than A and B, use the concentration

of phenobarbital sodium in reference solution (a).

Limits:
- impurities A, B: for each impurity, 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)
Maximum 7.0 per cent, determined on 0.500 g by drying in
an oven at 150°C for 4 h.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Injection 10 IlL oftest solution (b) and reference
solution (c).

Run time 1.5 times the retention time of phenobarbital.

Calculate the percentage content of C12HIIN2Na03 taking
into account the assigned content of phenobarbital CRS and a
conversion factor of 1.095.

STORAGE
In an airtight container.
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and enantiomer

___-,-- PhEur

E. (2RS)-N-carbamimidoyl-2-phenylblltanamide.

PhEur~ _

DEFINITION
Content
99.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
Colourless or faintly pink or faintly yellowish, crystals or
crystalline masses, deliquescent.

Solubility
Soluble in water, very soluble in ethanol (96 per cent), in
glycerol and in methylene chloride.

IDENTIFICATION
A. Dissolve 0.5 g in 2 mL of concentrated ammoniaR.
The substance dissolves completely. Dilute to about 100 mL
with waterR. To 2 mL of this solution add 0.05 mL of strong
sodiumhypochlorite solution R. A blue colour develops and
becomes progressively more intense.

B. To 1 mL of solution S (see Tests) add 10 mL of waterR
and 0.1 mL oi ferric chloride solution Rl. A violet colour is
produced which disappears on addition of 5 mL of
2-pmpanolR.
C. To 1 m.L of solution S add 10 mL of waterRand 1 mL
of bromine waterR. A white precipitate is formed.

TESTS
Solution S
Dissolve 1.0 g in waterR and dilute to 15 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).

Acidity
To 2 mL of solution S add 0.05 mL of methylorange
solution R. The solution is yellow.

Freezing point (2.2.18)
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 1 h. Theresidue weighs a maximum of
2.5 mg.

ASSAY
Dissolve 2.000 g in water R and dilute to 1000.0 mL with
the same solvent. 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 acidR, close the
flask, allow to stand with occasional swirling 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 M
sodium thiosulfate until a faint yellow colour remains.
Add 0.5 mL of starch solution Rand 10 mL of chloroform R
and continue the titration with vigorous shaking. Carry out a
blank titration.

1 mL of 0.0167 1\;[ bromide-bromate is equivalent to 1.569 mg
ofC6H60 .

STORAGE
In an airtight container, protected from light.
____________________ PhEur

108-95-2

~OH

V

Action and use
Antiseptic; antimicrobial preservative; antipruritic.

Preparations
Aqueous Phenol Injection

Oily Phenol Injection

Phenol and Glycerol Injection

94.1

H

HNVN.~... NH
H3C _ I I
~ NH and enantiomer

0 0

Phenol

C. 5-methyl-5-phenylpyrimidine-2,4,6 (IH,3H,5H)-trione,

IMPURITIES
Specified impurities A, B.

Otherdetectable impurities (the following substances would, if
present at a sufficientlevel, 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 necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) C, E.

H
HN N~O

H3
CSt;1

• NH

0
.. and enantiomer

f '\ 0

A. (5RS)-5-ethyl-2,6-diimino-5-phenyltetrahydropyrimidin-4
(lH)-one,

(Ph. Bur. monograph 0631)

B. (5RS)-5-ethyl-6-imino-5-phenyldihydropyrimidine-2,4
( IH,3H)-dione,
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Liquefied Phenol Phenolphthalein

PhEur _

CHARACTERS
A white or almost white powder, practically insoluble in
water, soluble in alcohol. .

It melts at about 260 DC.

DEFINITION
Phenolphthalein contains not less than 98.0 per cent and not
more than the equivalent of 101.0 per cent of 3,3-bis(4
hydroxyphenyl)isobenzofuran-l (3H)-one, calculated with
reference to the dried substance.

77-09-8

OH

318.3

(Ph. Bur. monograph 1584)

HO

CZOHI404

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 AI)' To 10.0 mL O-f solution A add
5.0 mL of 1 M hydrochloric acidand dilute to 50.0 mL with
alcohol R (solution Az). To 2.0 mL of solution A add 5.0 mL
of 1 M sodiumhydroxide and dilute to 50.0 mL with alcohol R
(solution B). Examined between 220 nm and 250 nm
(2.2.25), solution Al shows an absorption maximum at
229 nm. The specific absorbance at the maximum at 229 nm
is 922 to 1018. Examined between 250 nm and 300 nm,
solution Az shows an absorption maximum at 276 nm.
The specific absorbance at the maximum at 276 nm is
142 to 158. Examined between 230 nm and 270 nm,
solution B shows an absorption maximum at 249 nm.
The specific absorbance at the maximum at 249 nm is
744 to 822.

B. Dissolve about 10 mg in alcohol R. Add 1 mL of dilute
sodium hydroxide solution R. The solution is red. Add 5 mL of
dilute sulfuricacid R. The colour disappears.

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 gin 5 mL of alcohol R. The solution is clear
(2.2.1) and not more intensely coloured than reference
solution Y7 (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.15 mL of bromothymol blue
solution Rl. 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 gel F254 plateR.

Action and use
Stimulant laxative.

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.

DEFINITION
Liquefied Phenol contains not less than 77.0% and not more
than 81.5% w/w 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%), with ether and
with glycerol.

IDENTIFICATION
A. Dissolve 0.6 g in 2 mL of 135M ammonia and dilute to
100mL with water. To 2 mL of the resulting solution add
0.05mL of sodium hypochlorite solution. A blue colour is
produced which becomes progressively more intense.

B. Dilute 1 mL of a 15% w/v solution to 10 mL and add
0.1 mL of ironrtn) chloride solution RI. A violet colour is
produced which is' discharged on the addition of propan-Z-ol.

C. To 1 mL of a 15% w/v solution add 10 mL of waterand
1 mL of bromine water. A white or yellowish white precipitate
is produced.

TESTS
Acidity
To 2 mL of a 15% w/v 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 200

, is clear,
Appendix IV A, and not more intensely coloured than
reference solution R 7 or B7) Appendix IV 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 1050

, leaves not
more than 0.05% w/v of residue.

ASSAY
Dissolve 25 g in sufficient water 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, swirl occasionally over a period of 30 minutes and
allow to stand for 15 minutes. Add 5 mL of a 20% w/v
solution of potassium iodidetaking care to avoid loss of
bromine, shake thoroughly and titrate with O.IM sodium
thiosulfate VS until only a faint yellow colour remains.
Add 0.1 mL of starch mucilage and 10 mL of chloroform and
complete the titration with vigorous shaking. Repeat the
operation without the material being examined.
The difference between the titrations represents the amount
of bromine required. Each mL of 0.05M bromine VS is
equivalent to 1.569 mg of C6H60.

STORAGE
Liquefied Phenol should be protected from light. Liquefied
Phenol may congeal or deposit crystals if stored at a
temperature below 40

• It should be completely melted before
use.
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PhEur _

Phenolsulfonphthalein

143-74-8

OH

354.4

HO

Phenolsulphonphthalein

(Ph. Bur. monograph 0242)

Action and use
Measurement of renal function; marker in drug absorption
studies.

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 sodium carbonate R. Examined between 400 nm
and 630 nm (2.2.25), the solution shows an absorption
maximum at 558 nm. 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 1 mL of 0.0167 M bromide-bromate and 1 mL of dilute
hydrochloric 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 silica
gelGF254 R as the coating substance.

Test solution Dissolve 0.1 g of the substance to be examined
in 0.1 M sodium hydroxide 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 separately to the plate 10 ul, of each solution. Develop
over a path of 15 ern using a mixture of 25 volumes of glacial
acetic acidR, 25 volumes of waterRand 100 volumes of ten
penryl 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 nm. 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

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 1, l-dioxide, calculated with reference to the
dried substance.

Testsolution Dissolve 0.5 g of the substance to be 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 ofjluoreneR in
alcohol R, add 0.5 mL of the test solution and dilute to
10 mL with alcohol R.

Apply to the plate 5 ilL of the test solution and 5 ul, of each
of the reference solutions. Develop over a path corresponding
to two-thirds of the plate height using a mixture of
50 volumes of acetone R and 50 volumes of methylene
chloride R. Allow the plate to dry in air. Examine in
ultraviolet light at 254 nm 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 water R.
The solution complies with the limit test for chlorides
(l00 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 solution R, 10 mL of sodium hydrogen
carbonate solution R, 35 mL of waterRand 50.0 mL of
0.05 M iodine. Add 10 mL of methylene chloride Rand 20 mL
of dilute sulfuric acidR. Titrate the excess of iodine with
0.1 M sodium thiosulfate, using 0.3 mL of starch solution R
added towards the end of the titration, as indicator. Carry
out a blank titration.

1 mL of 0.05 M iodine is equivalent to 3.979 mg of
C2oH140 4 '

STORAGE
Store protected from light.
____________________ PhEur
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____________________ PhEur

Phenoxybenzamine Hydrochloride

CHARACTERISTICS
A white or almost white, crystalline powder.

Sparingly soluble in water; freely soluble in ethanol (96%).

H Me

~o
~I~~. ~I~ ,HCI
V ~CI V

IDENTIFICATION
A. The infraredabsorption spectrum, Appendix n A,-is
concordant with the reference spectrum of phenoxybenzamine
hydrochloride (RS 271).

B. Dissolve 0.5 gin 50 mL of ethanol-free chloroform and
extract with three 20-mL quantities of O.OlM hydrochloric
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 exhibits two
maxima, at 272 nm and 279 nm. 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
137.5° to 140°, Appendix V A.

Related substances
Carry out the method for liquid chromatography,
Appendix ill D, using the following solutions in acetonitrile.

(1) 0.08% w/v of the substance being examined.

(2) Dilute 1 volume of solution (1) to 100 volumes.

(3) Dilute 1 volume of solution (2) to 10 volumes.

(4) To 10 volumes of solution (1) add 0.5 volume of
O.IM sodium hydroxide.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (15 em x 4.6 mm) packed
with oaylsilylsilica gelfor chromatography (5J.lm) (HiChrom
Kromasil is suitable).

(b) Use isocratic elution and the mobile phase described
below.

(c) Use a flow rate of 1 mL per minute.

(d) Use a column temperature of 25°.

(e) Use a detection wavelength of 268 nm.

(t) Inject 10 J.LL of each solution.

(g) Allow the chromatography to proceed for three times the
retention time of phenoxybenzamine.

MOBll..E PHASE

45 volumes of a 0.22% w/v solution of anhydrous sodium
dihydrogen orthophosphate, previously adjusted to pH 3.0 with
orthophosphoric acid and 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 SUITABIUTY

The test is not valid unless, in the chromatogram obtained
with solution (4), 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.

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%);

63-92-3340.3

and enantiomer

ClSH22ClNO,HCI

Action and use
Alpha-adrenoceptor antagonist.

Preparations
Phenoxybenzamine Capsules

Sterile Phenoxybenzamine Concentrate

DEFINITION
Phenoxybenzamine Hydrochloride is (RS)-benzyl(2
chloroethyl)l-methyl-2-phenoxyethylamine hydrochloride.
It contains not less than 98.5% and not more than 101.0%
of C1sH22ClNO,HCl, calculated with reference to the dried
substance.

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 1 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 (2.4.14)
Not more than 0.2 per cent, determined on 0.5 g.

ASSAY
Dissolve 0.900 gin 15 mL of 1 M sodium hydroxide and
dilute to 250.0 mlswith waterR. To 10.0 mL of the solution
in a glass-stoppered flask add 25mL of glacial acetic acid R,
20.0 mL of 0.016]M potassium bromate, 5 mL of a 100 gIL
solution of potassium bromide R and 5 rnL of hydrochloric
acidR. Allow to stand protected from light for 15 min, add
lO mL of a 100 gIL solution of potassium iodide R and titrate
immediately with 0.1 M sodium thiosulfate, using 0.1 mL of
starch solution R as indicator.

1 mL of 0.0167 M potassium bromate is equivalent to 4.43 mg
of C19H140SS.
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PhEur _

Phenoxyethanol

90 -> 220

220

250

270

Temperature
CC)

Time
(min)

0-13

13 - 23

Column

Injection port

Detector

Solubility
Slightly soluble in water, in arachis oil and in olive oil,
miscible with acetone, with ethanol (96 per cent) and with
glycerol.

IDENTIFICATION
Firstidentification: C.
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.
Spectral range 240-350 nm.

Absorption maxima At 269 nm and 275 nm.

Specific absorbances at the absorption maxima:
- at 269 nm: 95 to 105;
- at 275 nm: 75 to 85.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison phenoxyethanol CRS.
D. Shake 2 mL with a mixture of 4 g of potassium
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 hydrochloric
acidR to about pH 1.7. The melting point of the precipitate,
after recrystallisation from water 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 (a) Dilute 1.a mL of the test solution to
100.0 mL with anhydrous ethanol R.
Reference solution (b) Dissolve 25.0 mgo{phenol R
(impurity A) in anhydrous ethanol R and dilute to 10.0 mL
with the same solvent.

Reference solution (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 solution (d) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with anhydrous ethanol R.
Column:
- material: fused silica;
- size: 1=30 m, 0 =0.25 mm;
- stationary phase: macrogol 20 000 R (0.25 urn).

Carrier gas helium for chromatography R.

Flow rate 1.0 mIJmin.

Split ratio 1;100.

Temperature:

122-99-6138.2

(Ph. Bur. monograph 0781)

DEFINITION
2-Phenoxyethanol.

Content
99.0 per cent mlm to 100.5 per cent mlm.

CHARACTERS
Appearance
Colourless, slightly viscous liquid.

Action and use
Antimicrobial preservative; also used topically in treatment of
bacterial infections.

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%).

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 pentoxideat a pressure not
exceeding 0.7 kPa for 24 hours, loses not more than 0.5% of
its weight. Use 1 g.

Sulphated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions in acetonitrile.

(1) 0.02% w/v of the substance being examined.

(2) 0.02% w/v of phenoxybenzamine hydrochloride BPCRS.
(3) To 10 mL of solution (1) add 0.5 mL of O.lM sodium
hydroxide.

CHRONlATO GRAPHIC CONDITIONS

The chromatographic conditions described under Related
substances may be used.

SYSTEM SUITABIUTY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution factorbetween the peaks due
to phenoxybenzamine and the secondary peak with a relative
retention of about 1.3 is at least 4.0.

DETERMINATION OF CONTENT

Calculate the content of C 1sH22ClNO,HCl using the
declared content of C 1sH22ClNO,HCl in phenoxybenzamine
hydrochloride BPCRS.

IMPURITIES
The impurities limited by the requirements of this
monograph include phenoxybenzamine tertiary amine.

Detection Flame ionisation.
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____________________ PhEur

A. phenol.

PhEur _

DEFINITION
(2S,5R,6R)-3,3-Dimethyl-7 -oxo-6-[(2-phenoxyacetyl)amino ]
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

Substance produced by the growth of certain strains of
Penicillium notatum or related microorganisms.

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 percent).

IDENTIFICATION
First identification: B.

Second identification: A, C, D.
A. pH (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison phenoxymethylpenicillin 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
phenoxymethylpenz"czllin CRS in 5 mL of acetone R.
Reference solution (b) Dissolve 25 mg of benzylpenicillin
potassium CRS and 25 mg of phenoxymethylpenicillin
potassium CRS in 5 mL of water R.
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 add R.

Application 1 ~lL.

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.

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. 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 reddish
brown. Place the test-tube on a water-bath for 1 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 dioxide-free waterR.

Related substances
Liquid chromatography (2.2.29).

Solution A To 250 mL of 0.2 M potassium dihydrogen
phosphate R add 500 mL of water R, adjust to pH 6.5 with an

87-08-1350.4

Action and use
Penicillin antibacterial.

(Ph. Eur. monograph 0148)

~OH

V

Phenoxymethylpenicillin

Injection 1~ of the test solution and reference solutions (c)
and (d).

Elution order Impurity A, phenoxyethanol.

Retention time Phenoxyethanol = about 13 min.

System suitability Reference solution (c):
- resolution: minimum 15 between the peaks due to

impurity A and phenoxyethanol.

Calculation of percentage 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 fitted with an air
condenser, add 1O~O;mL of freshly prepared acetic anhydride
solution Rl and hea(~thfrequent shaking in a water-bath for
45 min. Cool and direfully add 10 mL of water R. Heat for a
further 2 min. Cookadd 10 mL of butanol R, shake
vigorously and titrate-the excess of acetic acid with 1 M
sodiumhydroxide using 0.2 mL of phenolphthalein solution R as
indicator. Repeat the procedure without the substance to be
examined. The difference between the volumes used in the
titrations 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
ofCsHlOOZ'

IMPURITIES
Other detectable impurities (the following substances would, if
present at a sufficient level, be detected by one orother of the tests
in the monograph. They arelimitedby 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A.
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Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 254 nm.

Injection 20 J.LL of test solution (b) and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with phenoxymethylpenicz7lz'n for system suitabil£ty CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, D, E and F.

Relativeretention With reference to phenoxyrnethylpenicillin
(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.

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 20 for the principal peak in
the chromatogram obtained with reference solution (d).

Calculation of percentage contents:
- correction factors: 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:
- impurity E (sum of isomers), impurityF (sum of epimers): for

each impurity, maximum 1.0 per cent;

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 mL with
solution A.
Test solution (b) Prepare immediately before use. Dissolve
80.0 mg of the substance to be examined in solution A and
dilute to 20.0 mL with solution A.

Reference solution (a) Dissolve 55.0 mgof
phenoxymethylpenicill£n potassium CRS in solution A and dilute
to 50.0 mL with solution A.
Reference solution .(b) Dissolve 9 mg of
phenoxymethylpenidllin for system suitability 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 m, 0 =4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 um);
- temperature: 50 "C.

Mobilephase:
- mobile phase A: phosphate buffer solution pH 3.4 R,

methanol R, waterfor chromatography R (10:30:60 V/V/V);
- mobile phase B: phosphate buffer solution pH 3.4 R,

methanol R, waterfor chromatography R (5:60:35 V/VIV);

A. (2S,5R, 6R)-3,3-dimethyl-7-oxo-6-[(2-phenylacetyl)
amino]-4-thia-l-azabicyclo[3.2. 0]heptane-2-carboxylic
acid (benzylpenicillin),

- impurityB: maximum 0.2 per cent;
- any other impurity: for each impurity, maximum

0.15 per cent;
- sum of impurities otherthan D: maximum 3.0 per cent;
- reporting threshold: 0.05 per cent.

Impurity D (4-hydroxyphenoxymethylpenicillin)
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 factor. multiply the peak area of impurity D by

1.7;
- use the concentration of phenoxyrnethylpenicillin in

reference solution (c).

Limit Maximum 1.0 per cent (anhydrous substance).

Water
(2.5.12~ Method B): 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 C16H1SN20SS taking
into account the assigned content ofphenoxymethylpenicillin
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 impurities (the follo'wing substances toould, if
present at a sufficient leoel, be detected by oneorother of the tests
in the monograph. They arelimitedby 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) A~ C.

B. phenoxyacetic acid,

C. (2S,5R, 6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo [3.2. 0]heptane-2-carboxylic acid
(6-aminopenicillanic acid),

15

15 -> 30

30 -> 100

100

Mobile phase B
(per eent VIV)

85

85 -> 70

70 -> 0

o

Mobile phase A
(pel' cent VIV)

Time
(min)

0-2

2-5

5 - 17

17 - 22
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and eplrner at C*

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
Firstidentification: A, D.
Secondidentification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison phenoxymethylpenicillin 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
phenoxymethylpenicillin potassium CRS in 5 mL of water R.
Reference solution (b) Dissolve 25 mg of benzylpenicillin
potassium CRS and 25 mg ofphenoxymethylpenicillin
potassium CRS in 5 mL of waterR.
Plate TLC silanised silica gelplate R.

Mom7e phase Mix 30 volumes of acetone R and 70 volumes
of a 154 gIL solution of ammonium acetate R adjusted to
pH 5.0 with glacial acetic acidR.

Application 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 suitabzlity 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. Place about 2 mg in a test-tube about 150 mm long and
15 mm in diameter. Moisten with 0.05mL of waterRand
add 2 mL of sulfuric 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 1 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 mL with 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 waterR, 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 mL with
solution A.

Test solution (b) Prepare immediately 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

DEFINITION
Potassium (2S,5R,6R)-3,3-dimethyl-7-oxo-6-[(2
phenoxyacetyl) amino]-4-thia-I-azabicyc1o[3.2. 0]heptane-2
carboxylate.

Substance produced by the growth of certain strains of
Penicillium notatum or related microorganisms.

Content
95.0 per cent to 102.0 per cent for the sum of the percentage
contents of phenoxymethylpenicillin potassium and
4-hydroxyphenoxymethylpenicillin potassium (anhydrous
substance) .

PhEur -'-- _

Action and use
Penicillin antibacterial.

Preparations
Phenoxymethylpenicillin Oral Solution

Phenoxymethylpenicillin Tablets

D. (2S,5R,6R)-3,3-dimethyl-7-oxo-6-[[2-(4-hydroxyphenoxy)
acetyl] aminoj-d-thia-l-azabicyclo[3.2.0] heptane-Z
carboxylic acid (4-hydroxyphenoxymethylpenicillin),

____________________ PhEur

F. (2RS,4S)-5 ,5-dimethyl-2-[[(2-phenoxyacetyl)
amino]methyl] -I ,3-thiazolidine-4-carboxylic acid (penilloic
acids ofphenoxymethylpenicillin).

Phenoxymethylpenicillin
Potassium
(Ph. Bur. monograph 0149)

E. (4S)-2-[carboxy[(2-phenoxyacetyl)amino]methyl]-5,5
dimethyl-I,3-thiazolidine-4-carboxylic acid (penicilloic
acids of phenoxymethylpenicillin),
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Reference solution (a) Dissolve 50.0 mg of
phenoxymethylpenicillin potassium CRS in solution A and dilute
to 50.0 mL with solution A.

Reference solution (b) Dissolve 8 mg of
phenoxymethylpenicillin for system suitability CRS (containing
impurities B, D, E and F) in 2 mL of solution A.

Reference solution (c) 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: I =0~15 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 J.l1D.);
- temperature: 50 DC.

Mobz1e phase:
- mobile phase A: phosphate buffersolution pH 3.4 R,

methanol R, waterfor chromatography R (10:30:60 V/V/V);
- mobile phase B: phosphate buffersolution pH 3.4 R,

methanol R, waterfor chromatography R (5:60:35 V/V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent Vfli)

0-2 85 15

2-5 85 - 70 15 -30

5 - 17 70 - a 30 - 100

17 - 22 a 100

Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 254 nm.

Injection 20 ul, of test solution (b) and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with phenoxymethylpenicillin for system suitabzlity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, D, E and F.

Relative retention With 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.

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 20 for the principal peak in
the chromatogram obtained with reference solution (d).

Calculation of percentage contents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity B =0.6; impurity E =1.3;

- for each impurity, use the concentration of
phenoxymethylpenicillin potassium in reference
solution (c).

Limits:
- impurity E (sum of isomers)~ impurityF (sum of epimers): for

each impurity, maximum 1.0 per cent;
- impurity B: maximum 0.3 per cent;
- any other impurity: for each impurity, maximum

0.15 per cent;
- sum of impurities otherthan D: maximum 3.0 per cent;
- reporting threshold: 0.05 per cent.

2020

Impurity D (4-hydroxyphenoxymethy1penicillin)
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 factor. multiply the peak area of impurity D

by 1.7;
- use the concentration of phenoxymethylpenicillin

potassium in reference solution (c).

Limit Maximum 4.0 per cent (anhydrous substance).

Water
(2.5.12~ MethodB): 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 content of C16H17KNzOsS taking
into account the assigned content of phenoxymethylpenicillin
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 (thefollowing substances would, if
present at a sufficient level, be detected by one orother of the tests
in the monograph. They arelimited 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) A, C.

A. (2S,5R,6R)-3,3-dimethyl-7-oxo-6-[(2-phenylacetyl)
amino]-4-thia-1-azabicyc1o[3.2.0]heptane-2-carboxylic
acid (benzylpenicillin),

B. phenoxyacetic acid,

C. (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo[3.2.0] heptane-2-carboxylic acid
(6-arninopenicillanic acid),
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and epimer at C·

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-2 90 10

2-5 90 ~ 75 10 ~ 25

5 - 17 75 ~ 0 25 ~ 100

17 - 24 0 100

Flowrate 1.5 mlJmin.
Detection Spectrophotometer at 254 om.

Injection 20 J..lL of test solution (b) and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with benzathine phenoxymethylpenicillin for system

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison benzathine phenoxymethylpenicillin CRS.

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).

Solution A To 250 mL of 0.2 M potassium dihydrogen
phosphate R add 500 mL of water R, adjust to pH 6.5 with an
8.4 gIL solution of sodium hydroxide R and dilute to 1000 mL
with waterR.

Testsolution (a) Dissolve 40.0 mg of the substance to be
examined in 10 mL of methanol R 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 benzathine
phenoxymethylpenicillin CRS in 10 mL of methanolR and
dilute to 100.0 mL with solution A.
Reference solution (b) Dissolve 8 rag of benzathine
phenoxymethylpenicillin for system suitability CRS (containing
impurities B, D, E, F, G, Hand 1) in 1 mL of methanol R
and dilute to 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 methanolR
and solution A.
Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 25.0 mL with a mixture of equal volumes of methanolR
and solution A.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 50°C.

Mobz1e phase:
- mobile phaseA: phosphate buffer solution pH 3.4 R,

methanol R, waterfor chromatography R (10:30:60 VIVlli');
- mobile phaseB: phosphate buffer solution pH 3.4 R, waterfor

chromatography R, methanol R (2.5:27.5:70 VIVlli');

, 4H20

2113728-41-71013

Q
[

H]
I H 0 . \. C02H
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VIN ~o ·_-t-t-s

H H H
~ 0 2

Action and use
Penicillin antibacterial.

PhEur _

DEFINITION
N 1,N2-Dibenzylethane-l,2-diamine bis[(2S,5R,6R)-3,3
dimethyl-7-oxo-6-(2-phenoxyacetamido)-4-thia-I-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 ofbenzathine

phenoxymethylpenicillin and benzathine
4-hydroxyphenoxymethylpenicillin (anhydrous substance)
with correction for dispersing or suspending agents;

- benzathine: 23.0 per cent to 26.0 per cent (anhydrous
substance) .

Dispersing or suspending agents (e.g. lecithin) may be added.

F. (2RS,4S)-5,5-dimeth~-2-[[(2-phenoxyacetyl)
amino]methyl] -1,3-thiazolidine-4-earboxylic acid (penilloic
acids of phenoxymethylpenicillin),

Phenoxymethylpenicillin
(Benzathine) Tetrahydrate
(Ph. Bur. monograph 2636)

D. (2S,5R, 6R)-3,3-dimethyl-7-oxo-e-][2-(4-hydroxyphenoxy)
acetyl]amino]-4-thia- 1-azabicyc1o[3.2.0]heptane-2
carboxylic acid (~hydroxyphenoxymethylpenicillin),

E. (4S)-2-[ carboxy[(2-phenoxyacetyl)amino]methyl]-5,5
dimethyl-I,3-thiazolidine-4-earboxylic acid (penicilloic
acidsofphenoxymeth~penicillin),

___________--'- PhEur
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suitability CRS and the chromatogram obtained with
reference solution (b) to identify the peaks due to
impurities B, D, E, F -' G, Hand 1.

Relative retention With reference to phenoxymethylpenicillin
(retention time = about 10 min): benzathine = 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 I =about 2.4.
System suuability:
- 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 with reference solution (d).

Calculation of percentage contents:
- correction factors: multiply the peak areas 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:
- impurity G: maximum 2.0 per cent;
- impurity E (sum of isomers), impurityF (sum of epimers): for

each impurity, maximum 1.0 per cent;
- impurities D, H, I: for each impurity, maximum

0.5 per cent;
- impurity B: maximum 0.2 per cent;
- any other impurz"ty: for each impurity, maximum

0.15 per cent;
- sum of impurities otherthan 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 (C 16H2oN"2)
and benzathine phenoxymethylpenicillin (C4sHs6N601OS2)
taking into account the assigned content of benzathine
phenoxymethylpenicillin eRS.
Calculate the sum of the percentage contents of benzathine
phenoxymethylpenicillin and of benzathine
4-hydroxyphenoxymethylpenicillin.

IMPURITIES
Specified impurities B, D, E, F, G, H, 1.
Other detectable impurities (the following substances would, zf
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to identify these £mpun1:ies for demonstration of
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) A, C.

A. (2S,5R,6R)-3,3-dimethyl-7-oxo-6-(2-phenylacetamido)-4
thia-l-azabicyc1o[3.2. 0]heptane-2-carboxylic acid
(benzylpenicillin),

B. phenoxyacetic acid,

C. (2S,5R, 6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo [3.2.0]heptane-2-carboxylic acid
(6-aminopenicillanic acid),

D. (2S,5R,6R)-6-[2-( 4-hydroxyphenoxy)acetamido]-3,3
dimethyl-7-oxo-4-thia-l-azabicyc1o[3.2.0]heptane-2
carboxylic acid (4-hydroxyphenoxymethylpenicillin),

E. (23,4S)-2-[(3)-carboxy(2-phenoxyacetanri.do)methyl] -5,5
dimethyl-l,3-thiazolidine-4-carboxylic acid (penicilloic
acids of phenoxymethylpenicillin),

and epimer at C·

F. (2RS,4S) -5,5-dirnethyl-2-[(2-phenoxyacetamido)methyl]
1,3-thiazolidine-4-carboxylic acid (penilloic acids of
phenoxymethylpenicillin),

G. (23,4S)-2-[(l3)-2-[benzyl[2-(benzylamino)ethyl]amino]
2-oxo-l-(2-phenoxyacetamido)ethyl]-5,5-dimethyl-l ,3
thiazolidine-4-carboxylic acid,

H. unknown structure,
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PhEur _

____________________ PhEur

IDENfIFICATION
First identification: C, E.

Second identification: A, B, D, E.
A. Melting point (2.2.14): 178 DC to 182 DC.

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 waterR.

Spectral range 230-350 nm.

Absorption maximum At 278 nm.
Specific absorbance at the absorption maximum 220 to 245.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison phentolamine mesdate CRS.

D. Dissolve 0.5 g in a mixture of5 mL of ethanol
(96 per cent) Rand 5 mL of a 10 gIL solution of hydrochloric
acidR and add 0.5 mL of a 5 gIL solution of ammonium
vanadateR. A light green precipitate is produced.

E. Mix 50 mg with 0.2 g of sodium hydroxide R, heat to
fusion and continue heating for a few seconds. Allow to cool
and add 0.5 mL of warm waterR. Acidify with dilute
hydrochloric acidR and heat. Sulfur dioxide is evolved, which
turns moistened starch iodate paperR blue.

TESTS
Acidity
Dissolve 0.1 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent. Add 0.1 mL of methyl red
solution R. If the solution is red, not more than 0.05 mL of
0.1 M sodium hydroxide is required to change the colour of
the indicator to yellow.

Related substances
Liquid chromatography {2.2.29). Prepare the solutions
immediately before use.

Test solution Dissolve 25 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 5.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 2.0 mL of this
solution to 50.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg ofphentolamine for
system suitability CRS (containing impurities A and C) in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: phenylsilyl silica gelfor chromatography Rl

(5 urn);
- temperature: 30 DC.

Mobzle phase Mix 33 volumes of acetonitrile Rl and
67 volumes of a 0.5 gIL solution of ammonium acetate R
previously adjusted to pH 5.9 with dilute acetic acidR.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 230 nm.

Injection 10 IlL.
Run time 1.5 times the retention time of phentolamine.

Identification of impurities Use the chromatogram supplied
with phentolamine for system suitabt7ity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and C.

Relative retention With reference to phentolamine (retention
time = about 15 min): impurity A = about 0.7;
impurity C = about 1.2.

65-28-1377.5

(ph. Eur. monograph 1138)

Action and use
Alpha-adrenoceptor antagonist.

Preparation
Phentolamine Injection

I. (23,2'3,4S,4'S)-2,2'-[ethane-1,2-diylbis
[(benzylazanediyl)[2-oxo-1-(2-phenoxyacetamido)ethane
2,1-diyl]]]bis(5,5-dimethyl-1,3-thiazolidine-4-carboxylic
acid).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

Solubility
Freely soluble in water and in ethanol (96 per cent),
practically insoluble in methylene chloride.

Phentolamine Mesilate

DEFINITION
3-[[(4,5-Dihydro-1H-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 methanesulfonate esters are
genotoxic and are potential impurities in phentolamine
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
methanesuifonate in methanesulfonic acid, 2.5.38. Methyl, ethyl
and isopropyl methanesulfonate in active substances and
2.5.39. Methanesulfonyl chloride in methanesulfonic acid are
available to assist manufacturers.
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PhEur _

63-91-2165.2

(Ph. Bur. monograph 0782)

o H_ ....NHz
V0COzH

Action and use
Amino acid.

____________________ PhEur

Phenylalanine

C.3-[(4-methylphenyl)amino]phenol.

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.

IDENTIFICATION
First identification: A, B.
Second. identification: A, C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison phenylalanine CRS.

C.Thin-layer chromatography (2.2.27).

Testsolution 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 glacial acetic acidR and water R
and dilute to 50 mL with the same mixture of solvents.

Plate TLC silica gelplate R.

Mobile phase glacial acetic acidR, water R, butanol R
(20:20:60 V/V/V).

Application 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.

B. 2-(chloromethyl)-4,5-dihydro-lH-imidazole,

A. N-(2-aminoethyl)-2-[(3-hydroxyphenyl) (4-methylphenyl)
amino] acetamide,

Ii
CI

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;
- impurity A: 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)
(0.10 per 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 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.

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 R1. Titrate under a
stream of nitrogen with 0.1 M tetrabutylammonium hydroxide
in 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 O.lM tetrabutylammonium hydroxide in 2-propanol is
equivalent to 37.75 mg of ClsH23N304S,

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimitedby 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 for pharmaceutical use). B, C.
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D. To about 10 mg add 0.5 g of potassium nitrate Rand
2 mL of sulfuric acid R. Heat on a water-bath for 20 min.
Allow to cool. Add 5 mL of a 50 gIL solution of
hydroxylamine hydrochloride R and allow to stand in iced water
for 10 min. Add 9 mL of strong sodium hydroxide solution R.
A violet-red or violet-brown colour develops.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, MethodII).

Dissolve 0.5 g in a 103 gIL solution of hydrochloric acidR and
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 waterR and dilute to 25.0 mL with the
same solvent.

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method l.

The concentrations of the test solution and the reference
solutions may beadapted 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.

SolutionA dilute hydrochloric acidR1 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.

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 to 250.0 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 with
solution l\. 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. 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 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 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 ninhydrin-positive substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Phenylalanine 11-597

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.

Dissolve 0.25 gin 3 mL of dilute nitric acidR and dilute to
15 mL with waterR. 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 hydrochloric
acidRand 25 volumes of distilled water R 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 (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 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. 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 DC.

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

A~SAY

Dissolve 0.100 g in 3 mL of anhydrous formic acidR.
Add 30 mL of anhydrous acetic 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 16.52 mg of
CgHuN02 •

STORAGE
Protected from light.

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 arelimitedby 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) A~ B, C, D.

A. (2S)-2-amino-4-methylpentanoic acid (leucine),
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____________________ PhEur

Application 5 ~lL.

Development Over a path of 10 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
reference solution.
C. Infrared absorption spectrophotometry (2.2.24).

Comparison phenylbutazone CRS.

D. To 0.1g add 1 mL of glacial acetic acidRand 2 mL of
hydrochloric acid R and heat the mixture under a reflux
condenser for 30 min. Cool, add 10 mL of waterR and filter.
To the filtrate add 3 mL of a 7 gIL solution of sodium
nitrite R. A yellow colour is produced. To 1 mL of the
solution add a solution of 10 mg of f3-naphthol R in 5 mL of
sodium carbonate solution R. A brownish-red to violet-red
precipitate is formed.

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 mL of water R, cool with shaking
in a closed flask and filter. To 25 mL of the filtrate add
0.5 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.
Add 0.6 mL of 0.01 M hydrochloric acidand 0.1 mL of methyl
redsolution R; the solution is red or orange.

Absorbance (2.2.25)
Maximum 0.20 for solution S at 420 nm in a 4 em cell.

Related substances
Liquid chromatography (2.2.29). Prepare the.solutions
immediately before use.

Testsolution Dissolve 100.0 mg of the substance to be
examined in acetonitrile 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 acetonitrile R. Dilute 1.0 mL to 10.0 mL with
acetonitrile R.

Reference solution (b) Dissolve 5 mg of phenylbutazone
impurz'ty B CRS and 5 mg of 1)2-diphenylhydrazine R in
acetonitrile R, add 0.5 mL of the test solution and dilute to
50 mL with acetonitrile R. Dilute 2.5 mL to 10 mL 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 mL to 100.0 mL with acetonitrile R. Dilute 5.0 mL
to 10.0 mL with acetonitrile R.

Column:
- size: l =0.125 m, 0 =4.0 rom,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1lID),
- temperature: 30°C.

Mobile phase:
- mobile phaseA: dissolve 1.36 g of sodium acetate R in

'water R, adjust to pH 5.2 with a 52.5 gIL solution of citric
acidmonohydrate R and dilute to 1000 mL with waterR,

50-33-9308.4

(Ph. Bur. monograph 0422)

Action and use
Cycle-oxygenase inhibitor; pyrazolone analgesic.

Phenylbutazone

DEFINmON
4-Butyl-1,2-diphenylpyrazolidine-3,5-dione.

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, sparingly soluble in alcohol.
It dissolves in alkaline solutions.

E. (2S)-2-amino-4-(methylsulfanyl)butanoic acid
(methionine) ,

D. (2S)-2-amino-3-methylbutanoic'acid (valine).

PhEur _

C. (2S)-2-amino-3-(4-hydroxyphenyl)propanoic acid
(tyrosine),

IDENTIFICATION
First identification: A) C.
Second identification: A) B) D.

A. Melting point (2.2.14): 104°C to 107 °C.

E. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in a mixture of equal volumes of ethanol Rand
methylene chloride R and dilute to 25 mL with the same
mixture of solvents.

Reference solution Dissolve 25 mg of phenylbutazone CRS in a
mixture of equal volumes of ethanol R and methylene
chloride R and dilute to 25 mL with the same mixture of
solvents.

Plate TLC silica gel GFz54 plate R.

Mobile phase acetone R, methylene chloride R (20:80 VIV).

www.webofpharma.com



2020 Phenylephrine 11-599

- mobile phaseB: acetonitrile R,

Time
(min)

Mobile phase A
(per cent VIJI)

Mobile phase B
(per cent VJlI)

STORAGE
Protected from light.

IMPURITIES

Flow rate 1.5 mIJmin.
Detection Spectrophotometer at 240 nm.

Injection 20~; inject the test solution and reference
solutions (a) and (b).

Relativeretentions With reference to 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 suitabzlityBeference solution (b):
- resolution: minimum 2.0 between the peaks due to

phenylbutazone and to impurity B.

Limits: .~

- correction factor: for the calculation of content, multiply the
peak area of iriipurity Cby 0.55,

- impurities A, B: for each impurity, not more than
2.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.25 per cent),

- impurity 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 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. 0.25 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.

Impurity 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:
- impurity B: not more than the area of the principal peak in

the chromatogram obtained with reference solution (c)
(5 ppm).

Loss on drying (2.2.32)
Maximum 0.2 per cent, determined on 1.000 g by drying in
vacuo at 80°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 25 mL of acetone R and add 0.5 mL of
bromothymol blue solution R1. 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
C19HzoN"zOz.

59-42-7

andenantiomer

167.2

H." OH H

HOif'N....I CH3

#

PhEur _

Action and use
Alpha-adrenoceptor agonist.

DEFINITION
(lR)-1-(3-Hydroxyphenyl)-2-(methylamino)ethanol.

Content
99.0 per cent to 100.5 per 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).

(Ph. BUT. monograph 1035)

A. (2RS)-2-[(l ,2-diphenyldiazanyl) carbonyl]hexanoic acid,

B. 4-butyl-4-hydroxy-1 ,2-diphenylpyrazolidine-3 ,5-dione,

C. C6Hs-NH-NH-C6Hs: 1,2-diphenyldiazane (1,2
diphenylhydrazine),

D. C~s-N=N-C6Hs: 1,2-diphenyldiazene,

E. biphenyl-4,4 /-diamine (benzidine).

Phenylephrine

____________________ PhEur

30

30 -460

60

60 -4 30

70

70 -4 40

40

40 -4 70

0-10

10 - 20

20 - 35

35 - 40
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11-600 Phenylephrine

B. Infrared absorption spectrophotometry (2.2.24).

Comparison phenylephrine CRS.

e. Thin-layer chromatography (2.2.27).

Solvent mixture A mixture of equal volumes of methylene
chloride Rand methanolic hydrochloric acid (hydrochloric
acidR diluted l O-fold with methanolR).

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 solution Dissolve 20 mg of phenylephrine CRS in
the solvent mixture and dilute to 1 mL with the solvent
mixture.

Plate TLC silica gelF254 plate R.
Mobzte phase concentrated ammonia R, methanolR, methylene
chloride R (0.5:25:70 VIVIll).

Application 10 ~.

Development Over a path of 15 em.

Drying In a current of cold air.

Detection Examine in ultraviolet light at 254. nm; spray with
a 1 gIL solution of fast redB salt 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, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. Dissolve about 10 mg in 1 mL of 1 M hydrochloric acid,
add 0.05 mL of copper sulfatesolution R and 1 mL of a
200 gIL solution of sodium hydroxide R. A violet colour
develops. Add 1 mL of etherR 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 solution Y7 (2.2.2, Method II).

Dissolve 1 g in 1 M hydrochlmic acid and 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 hydrochloric acid and dilute to
25.0 mL with the same acid.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture dilute hydrochloric acid R, mobile phase B,
mobile phase A (5:200:800 VIVIV).

Buffer solution pH 2.8 Dissolve 3.25 g of sodium
octanesulfonate monohydrate R in 1000 mL of waterR by
stirring for 30 min and adjust to pH 2.8 with dilute phosphoric
acidR.

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 contents of a vial of
phenylephrine hydrochloride forpeak identification CRS
(containing impurities C and E) in 2.0 mL of the solvent
mixture.

Column:
- size: 1= 0.055m, 0 =4.0 mm;

2020

- stationary phase: end-capped octadecylsilyl silica gelfor
chromatography R (3 urn);

- temperature: 45 "C.

Mobz7e phase:
- mobile phaseA: acetonitrile Rl, buffer solution pH 2.8

(10:90 VIV);
- mobile phase B: buffer solution pH 2.8, acetonitrile Rl

(10:90 VIV);

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIV)

0-3 93 7

3 - 13 93 -+ 70 7 -+ 30

13 - 14 70 -+ 93 30 -+ 7

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 215 nm.
Injection 10 ilL.
Relatiue retention With reference to phenylephrine (retention
time =about 2.8 min): impurity C =about 1.3;
impurity E =about 3.6.

System suitability:
- symmetryfactor. maximum 1.9 for the principal peak in

the chromatogram obtained with the test solution;
- peak-to-valley ratio: minimum 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
phenylephrine 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 e = 0.5;
impurity E =0.5;

- impurities C, 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) (0.10 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).

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 gin 60 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchloric aciddetermining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 16.72 mg
of CgH13NOz.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities C, E.
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PhEur _

DEFINITION
(lR)-1-(3-Hydroxyphenyl)-2-(methylamino)ethanol
hydrochloride.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in ethanol (96 per cent).

mp
About 143 -c.
IDENTIFICATION
First identification: A, C, E.

Secondidentification: A, B, D, E.

A. Specific optical rotation (see Tests).

B. Melting point (2.2.14): 171 -c to 176 -c.
Dissolve 0.3 g in 3 mL of water R, add 1 mL of dilute
ammonia R1 and initiate crystallisation by scratching the wall
of the tube with a glass rod. Wash the crystals with iced
waterR and dry at 105 "C for 2 h.

e. 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 pentahydrate R
and 1 mL of a 200 gIL solution of sodium hydroxide R.
A violet colour is produced. Add 1 mL of etherR and shake;
the upper layer remains 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 waterR and dilute to 100.0 mL with the same
solvent.

Appearanceofswution
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 methyl redsolution 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 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)o

Buffer solution pH 2.8 Dissolve 3.25 g of sodium
octanesulfonate monohydrate R in 1000 mL of waterR by
stirring for 30 min and adjust to pH 2.8 with dilute phosphoric
acid R.

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) 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

Action and use
Alpha-adrenoceptor agonist.

Preparations
Phenylephrine Eye Drops

Phenylephrine Injection

Phenylephrine Intracameral Injection

(Ph. Bur. monograph 0632)

D. (lR)-2-(benzylmethylamino)-I-(3-hydroxyphenyl)ethanol
(benzylphenylephrine),

e.1-(3-hydroxypheriyl)-2-(methylamino)ethanone
(phenylephrone),

A. (lR)-2-amino-l-(3-hydroxyphenyl)ethanol
(norphenylephrine) ,

Phenylephrine Hydrochlor~de

E. 2-(benzylmethylamino)-I-(3-hydroxyphenyl)ethanone
(benzylphenylephrone).

Other detectable impurities (the folImoing substances would, zf
presentat a sufficientleoel, be detected by one or other of the tests
in the monograph. They are limited by the generalacceptance
criterion for otherlunspecified impuriries and/or by the general
monograph Substances for pharmaceuticaluse (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceuticalure) A, D. .

____________________ PhEur

l
'1

j
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11-602 Phenylmercuric Acetate 2020

Reference solution (b) Dissolve the contents of a vial of
phenylephrine hydrochloride for peak identification CRS
(containing impurities C and E) in 2.0 mL of the solvent
mixture.

Column:
- size: I = 0.055 m, 0 = 4.0 rom;
- stationary phase: end-cappedoctadecylsilyl silica gelfor

chromatography R (3 JlIIl);
- temperature: 45 "C.

Mobilephase:
- mobile phaseA: acetonitrile Rl, buffer solution pH 2.8

(10:90 V/V);
- mobile phase B: buffer solution pH 2.8, acetonitrile Rl

(10:90 V/V); .

Time
(min)

0-3

3 - 13

13 - 14

Mobile phase A
(per cent VIV)

93

93 -. 70

70 -. 93

Mobile phase B
(per cent VIJI)

7

7 -. 30

30 -. 7

potentiometric titration (2.2.20) using 0.1 M ethanolic sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 Methanolic sodium hydroxide is equivalent to
20.37 mg of C9H14CINOZ•

IMPURITIES
Specified impurities C~ B.

Other detectable impurities (the following substances zoould, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities 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. Controlofimpurities
in substances for pharmaceutical use) A~ D.

H OH

HO~NH,

U·

____________________ Ph£ur

62-38-4

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

336.7

(Ph. Bur. monograph 2042)

Action and use
Antiseptic, antimicrobial preservative.

A..(IR)-2-amino-l-(3-hydroxyphenyl)ethanol
(norphenylephrine),

D. (lR)-2-(benzylmethylamino)-1-(3-hydroxyphenyl)ethanol
(benzylphenylephrine),

C. 1-(3-hydroxyphenyl)-2-(methylarnino)ethanone
(phenylephrone),

E. 2-(benzylmethylarnino)-1-(3-hydroxyphenyl)ethanone
(benzylphenylephrone) .

~
H..OH·~

HOif.··N,I CH3

.#

Phenylmercuric Acetate

Flow rate 1.5 mIJrnin.

Detection Spectrophotometer at 215 nm.

Injection 1a ~.
Relative retention With reference to phenylephrine (retention
time = about 2.8 min): impurity C = about 1.3;
impurity E = about 3.6.

System suitability:
- symmetryfactor. maximum 1.9 for the principal peak in

the chromatogram obtained with the test solution;
- peak-to-valley ratio: minimum 5, 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).

Limits:
- correction factors: 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~ 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 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).

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 105 "C.

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

ASSAY
Dissolve 0.150 g in a mixture of 0.5 mL of 0.1 M hydrochloric
acid and 80 mL of ethanol (96 per cent) R. Carry out a
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PhEur _

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. Bur. reference spectrum ofphenylmercuric
acetate.
B. To 5 mL of solution S (see Tests) add 5 mL of waterR
and 0.1 mL of sodiumsulfidesolution R. A white precipitate is
formed that darkens.slowly on heating.

C. To 10 mL of solution S add 2 mL of potassium iodide
solution R and shake vigorously. Filter. The filtrate gives
reaction (b) of acetates (2.3.1).

TESTS
Solution S
Dissolve 0.250 gin 40 mL of waterR by heating to boiling.
Allow to cool and dilute to 50 mLwith 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, Method II).

Ionised mercury
Maximum 0.2 per cent.

To 2 mL of solution S add 8 mL of waterR, 2 mL of
potassium iodide solution Rand 3 mL of dilute hydrochloric
acid R. 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 dilute sodium hydroxide solution R and dilute to
20 mL with water R. 12 mL of this solution complies with
test A for heavy metals (2.4.8). Prepare the reference solution
using leadstandard solution (l ppm Pb) R.

Polym.ercuric benzene compounds
Maximum 1.5 per cent.

Shake 0.2 g with 10 mL of acetone 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.

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.

ASSAY
Dissolve with heating 0.300 gin 100 mL of waterR. Cool
and add 3 mL of nitricacidR. Titrate with 0.1 M ammonium
thiocyanate using 2 mL of ferric ammonium sulfate solution R2
as indicator, until a persistent reddish-yellow colour is
obtained.

1 mL of 0.1 M ammonium thiocyanate is equivalent to
33.67 mg of phenylmercuric acetate.

STORAGE
Protected from light.
____________________ PhEur

Phenylmercuric Borate 11-603

Phenylmercuric Borate
(Ph. Bur. monograph 0103)

Action and use
Antiseptic; antimicrobial preservative.

PhEur _

DEFINITION
Compound consisting of equimolecular proportions of
phenylmercuric orthoborate and phenylmercuric hydroxide
(ClzH13BHgzOtb M r 633) or of the dehydrated form
(metaborate, C1zHuBHgz03; Mr 615) or of a mixture of the
2 compounds.

Content
- mercury (Hg; A r 200.6): 64.5 per cent to 66.0 per cent

(dried substance),
- borates expressed as H3B03 : 9.8 per cent 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. Eur. reference spectrum of phenylmercuric
borate.

B. To 2 mL of solution S (see Tests) add 8 mL of waterR
and 0.1 mL of sodium sulfidesolution R. A white precipitate is
formed that darkens slowly on heating.

C. Dissolve about 20 mg in 2 mL of methanolR.
The solution is clear and colourless. Ignite; the solution
burns with a green-edged flame.

TESTS
Solution S
Dissolve 0.25 g by sprinkling it on the surface of 25 mL of
boiling waterR, cool and dilute to 25 mL with waterR.

Appearance of soIudon
Solution S is clear (2.2.1) and colourless (2.2.2" Method 11).

Ionised mercury
Maximum 0.01 per cent.

To 10 mL of solution S add 2 mL of potassium iodide
solution Rand 3 mL of dilute hydrochloric acidR. Filter.
The filtrate is colourless. Wash the precipitate with 3 mL of
waterR. Combine the filtrate and the washings, add 2 mL of
dilute sodium hydroxide solution R and dilute to 20 mL with
waterR. 12 mL of this solution complies with test A for
heavy metals (2.4.8). Prepare the reference solution using a
mixture of 2.5 mL of lead standardsolution (2 ppm Pb) 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.

ASSAY
Mercury
Dissolve 0.300 g in 100 rnL of waterR and add 3 mL of
nitric acid R. Titrate with 0.1 l\IIammonium thiocyanate, using
2 mL of ferric ammonium sulfate solution R2 as indicator, until
a persistent reddish-yellow colour is obtained.
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11-604 Phenylmercuric Nitrate

1 mL of 0.1 M ammonium thiocyanate is equivalent to
20.06 mg of Hg.

Borates
Dissolve 0.600 g with heating in 25 mL of waterR. Dissolve
lag of sorbitol R in the hot solution and cool. Titrate with
0.1 M sodium hydroxide, using 0.5 rnL of phenolphthalein
solution R as indicator, until a persistent pink colour is
obtained. Carry out a blank titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 6.18 mg of
H 3B03 ·

STORAGE
Protected from light.
____________________ PhEur

Phenylmercuric Nitrate
(Ph. Bur. monograph 0783)

Action and use
Antiseptic; antimicrobial preservative.

PhEur _

DEFINITION
Mixture of phenylmercuric nitrate (C6HsHgN03; M r 339.7)
and phenylmercuric hydroxide (C6HsHgOH; M r 294.7).

Content
62.5 per cent to 64.0 per cent of Hg (Ar 200.6) (dried
substance) .

CHAR.\CTERS
Appearance
White or pale yellow powder.

Solubility
Very slightly soluble in water and in ethanol (96 per cent),
slightly soluble in hot water. It dissolves in glycerol and in
fatty oils.

IDENTIFICATION
A. To 5 mL of solution S (see Tests) add 8 mL of waterR
and 0.1 mL of sodiumsulfide 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 1 mL of dilute hydrochloric acidR. A white,
flocculent precipitate is formed.

C. To 5 mL of solution S add 1 mL of dilute hydrochloric
acidR, 2 mL of methylene chloride R and 0.2 mL of duhizone
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 solution
Solution S is colourless (2.2.2-, Method II).

Inorganic mercuric compounds
Maximum 0.1 per cent.

To 10 mL of solution S add 2 rnL of potassium iodide
solution Rand 3 mL of dilute hydrochloric acid R. Filter.
The filtrate is colourless. Wash the precipitate with 2 mL of
waterR. Combine the filtrate and washings, add 2 mL of
dilute sodium hydroxide solution R and dilute to 20 mL with
waterR. 12 mL of the solution complies with test A for

2020

heavy metals (2.4.8). Prepare the reference solution using
leadstandardsolution (1 ppm Pb) 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 mL of dilute nitric acidR
and 90 mL of waterR, heating to boiling. Cool to 15-20 DC.
Titrate with 0.1 M ammonium thiocyanate using 2 mL of ferric
ammonium sulfate solution 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.
____________________ PhEur

Phenylpropanolamine
Hydrochloride
(Ph. Bur. monograph 0683)

H OH

~ NH2 and enantiomer , HC)U H,''\CH 3

154-41-6

Action and use
Adrenoceptor agonist.

PhEur _

DEFINmON
Phenylpropanolamine hydrochloride contains not less than
99.0 per cent and not more than the equivalent of
101.5 per cent of (lRS,2SR)-2-amino-l;,.phenylpropan-l-ol
hydrochloride, calculated with reference to the dried
substance.

CHARACTERS
A white or almost white, crystalline powder, freely soluble in
water and in alcohol, practically insoluble in methylene
chloride.

IDENTIFICATION
First identification: B-, E.

Secondidentification: A-, C-, D, E.
A. Melting point (2.2.14): 194 °C to 197 °C.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
phenylpropanolamine hydrochloride CRS. Examine the
substances prepared as discs without recrystallisation.

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 position, colour
and size to the principal spot in the chromatogram obtained
with reference solution (a).

D. Dissolve 50 mg in 5 mL of water R, add 0.2 mL of copper
sulfate solution Rand 0.3 mL of dilute sodium hydroxide
solution R. A violet colour develops. Add 2 mL of ether Rand
shake. A violet precipitate is formed between the two layers.

E. It gives reaction (a) of chlorides (2.3.1).
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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 colourless (2.2.2~ Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of methyl redsolution R
and 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.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel H R as the coating substance.

Test solution (a) Dissolve 0.20 g of the substance to be
examined in "alcohol R and dilute to 10 mL with the same
solvent.

Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with alcohol R.

Reference solution (a) Dissolve 20 mg of phenylpropanolamine
hydrochloride CRS in alcohol R and dilute to 10 mL with the
same solvent.

Reference solution (b) Dilute 1 mL of reference solution (a)
to 10 mL with alcohol R.

Reference solution (c) Dissolve 20 mg of norpseudoephedrine
hydrochloride CRS in alcohol R, add 1 mL of test solution (a)
and dilute to 10 mL with alcohol R.

Reference solution (d) Dissolve 60 mg of ammonium
chloride R in methanolR and dilute to 10 mL with the same
solvent.

Before applying the solutions, spray the plate with a 20 gIL
solution of disodium tetraborate R, using 8 mL for a plate
100 mm by 200 mm and dry in a stream of cold air for
30 min. Apply separately to the plate as bands about 10 mm
by 3 mm 10 ~L of each solution. Develop over a path of
10 em using a mixture of 6 volumes of concentrated
ammonia R, 24 volumes of alcohol Rand 70 volumes of
butanolR. Dry the plate in a current of warm air until the
solvents have evaporated, allow to cool, spray with a 2 gIL
solution of ninhydrin R in alcohol R and heat at 110 "C for
15 min. Any spot in the chromatogram obtained with test
solution (a) apart from the principal spot and the spot
corresponding to ammonium chloride is not more intense
than the spot in the chromatogram obtained with reference
solution (b) (1.0 per cent). The test is not valid unless the
chromatogram obtained with reference solution (c) shows
two clearly separated spots.

Phenylpropanonarrrlne
Dissolve 1.0 gin 0.01 M hydrochloric acidand dilute to
50.0 mL with the same acid. The absorbance (2.2.25) of the
solution measured at 283 om is not greater than 0.10.

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 0.1500 g in a mixture of 5 mL of 0.01 M
hydrochloric acidand 50 mL of alcohol R. Carry out a
potentiometric titration (2.2.20), using 0.1 Ailsodium
hydroxide. Read the volume added between the two points of
inflexion.

Phenytoin 11-605

1 mL of 0.1 M sodium hydroxide is equivalent to 18.77 mg of
CgH14ClNO.

----- PhEur

Phenytoin
(Ph. Bur. monograph 1253)

57-41-0

Action and use
Antiepileptic.

Preparation
Phenytoin Oral Suspension

PhEur _

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.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent), very slightly soluble in methylene chloride.
It dissolves in dilute solutions of alkali hydroxides.

IDENTIFICATION
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 BY6 (2.2.2, Method II).

Dissolve 1.0 g in a mixture of 5 mL of 1 M sodium hydroxide
and 20 mL of waterR.

Acidity or alkalinity
To 1.0 g add 45 mL of waterR and boil for 2 min. Allow to
cool and filter. Wash the filter with carbon dioxide-free waterR
and dilute the combined filtrate and washings to 50 mL with
the same solvent. To 10 mL of the solution add 0.15 mL of
methylredsolution 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
bromothymol blue solution 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).

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.

Testsolution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with the mobile phase.
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Reference solution (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 solution (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
suitability 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.

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, 0 =4.6 rom;
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 per cent aqueous mobile
phasesR (5 urn).

Mobile phase Mix 20 volumes of methanolR2, 35 volumes of
acetonitrile Rl and 45 volumes of a 5.75 g/L solution of
ammonium dihydrogen phosphate R adjusted to pH 2.5 with
phosphoric acid R.

Flow rate 1.5 mIJ.min.
Detection Spectrophotometer at 220 nm.

Injection 20 J.!L of test solution (a) and reference
solutions (a) and (c).

Run time 4 times the retention time of phenytoin.

Identification ofimpurities Use the chromatogram supplied
with phenytoinfor system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities C, D and E.

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 peaks areas of the following impurities by the
corresponding correction factor: impurity D =1.7;
impurity E = 1.4;

- impurity E: not more than 3 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.3 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);
- impurity D: 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)
(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 (2.2.31)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

2020

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 ClsH12NzOz taking into
account the assigned content of phenytoin CRS.

IMPURITIES
Specified impurities C, D, E.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities and/orby 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, B, F.

A. diphenylmethanone (benzophenone),

B. diphenylethanedione (benzil),

C. amino(diphenyl)acetic acid (2,2-diphenylglycine),

D. 3a,6a-diphenyltetrahydroimidazo [4,5-d] imidazole-2,5
(lH,3H)-dione,

E. (carbamoylamino )diphenylacetic acid,
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PhEur _

Phenytoin Sodium

Plate TLC silica gelF254 plate R.

Mobilephase concentrated ammonia R, toluene R, 2-propanol R
(10:40:50 V/V/V).

Application 10 J.LL as bands of 8 rom.

Development Over 2/3 of the plate.

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 BY6 (2.2.2, Method II).

Suspend 1.0 g in 5 mL of waterR and dilute to 20 mL with
0.1 M sodiumhydroxide.

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 solution (a) Dilute 1.0 mL oftest 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-diphenylglycine R
(impurity C) in 100 mL of the mobile phase.

Reference solution (c) Dissolve 10 mg of phenytoin for system
suitability 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.

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: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 percent 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 gIL solution of
ammonium dihydrogen phosphate R adjusted to pH 2.5 with
phosphoric acidR.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 20 ul, of test solution (a) and reference
solutions (a) and (c).

Run time 4 times the retention time of phenytoin.

Identification of impurities Use the chromatogram supplied
with phenytoinfor system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities C, D and E.

630-93-3274.3

(Ph. Bur. monograph 0521)

DEFINITION
Sodium 4-oxo-5,5-diphenyl-4,5-dihydro-lH-imidazol-2-olate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, very hygroscopic, crystallinepowder.

Solubility
Soluble in water and in ethanol (96 per cent), practically
insoluble in methylene chloride.

IDENTIFICATION
First identification: A, C.

Secondidentification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Preparation Suspend 0.1 g in 20 mL of waterR. Acidify
with dilute hydrochloric acid R and shake with 3 quantities,
each of 30 mL, of ethyl acetate R. Wash the combined ethyl
acetate layers with water R, 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, methanolR (50:50 V/V).

Test solution Dissolve 20 mg 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 DRS in
the solvent mixture and dilute to 10 mL with the solvent
mixture.

Action and use
Antiepileptic.

Preparations
Phenytoin Capsules

Phenytoin Injection

Phenytoin Tablets

F. (53)-5-(4-methylphenyl)-5-phenylimidazolidine-2,4-dione.
____________________ PhEur
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Relative retention 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 peak areas of the following impurities by the
corresponding correction factor: impurity D = 1.7;
impurity E =1.4;

- impurity B: not more than 3 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.3 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);

- impurity D: not more than 1.S times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (O.lS 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).

Free phenytoin
Dissolve 0.30 g in 10 m.Lof a mixture of equal volumes of
pyridine R and water R. Add 0.5 mL ofphenolphthalein
solution Rand 3 mL of silvernitrate solution in pyridineR.
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).

Calculate the percentage content of C1sHuNzNaOz taking
into account the assigned content ofphenytoin CRS, and a
conversion factor of1.09.

2020

B. diphenylethanedione(benzil),

C. aminotdiphenyljacetic acid (2,2-diphenylglycine),

HN

oJ-~

D. 3a,6a-diphenyltetrahydroimidazo[4,S-d]imidazole-2,S
(lH,3H)-dione,

E. (carbamoylamino)diphenylacetic acid,

F. (53)-5-(4-methylphenyl)-5-phenylimidazolidine-2,4-dione.
____________________ PhEur

PhEur _

STORAGE
In an airtight container.

IMPURITIES
Specifiedimpurities C~ D)'E.

Other detectable impurities (the following substances uiould, if
presentat a sufficient leuel, he detected by one or otherof 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 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, B~ F.

0y0
a

A. diphenylmethanone (benzophenone),

Phloroglucinol
Anhydrous Phloroglucinol

(Ph. Bur. monograph 2301)

OHo
HO~OH

126.1

Action and use
Antispasmodic.

DEFINITION
Benzene-l,3,S-triol.

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

108-73-6
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CHARACTERS
Appearance
White or almost white 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).

Comparison anhydrous phloroglucinol CRS.

B. Thin-layer chromatography (2.2,27).

Test solution Dissolve 0.20 g of the substance to be
examined in methanolR 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 same solvent.

Plate TLC silica gel F254 plate R.

Mobile phase anhydrousformic acid R, hexaneR, ethyl
acetateR (2:37.5:62.5 VIVIV).

Applicaiion 10 ul.,
Deoelopmeni Over 2/3 of the plate.

Deteaion Examine in ultraviolet light at 254 run.

ResulisThe 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 per cent) 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 BYs (2.2.2, Method II).

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 solutions
immediately before use and protect from light.

Solvent mixture Mobile phase B, mobile phase A
(10:90 VIV).

Test solution Dissolve 50.0 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 solution (b) Dissolve 6 mg each of resorcinol 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 to 50 mL with the
solvent mixture.

Reference solution (c) Dissolve 4 mg each of benzene-l,2,4
triol R (impurity E), 2,6-dichlorophenol R (impurity I),
4-chlororesorcinol R (impurity K) and 3,5-dichloroaniline R
(impurity L) in 10 mL of the solvent mixture and-dilute to
20 mL with the solvent mixture.

Phloroglucinol 11-609

Reference solution (d) Dissolve 10 mg of the substance to be
examined in 10 mL of the solvent mixture, add 1 ml, of
reference solution (c) and dilute to 20 mL with the solvent
mixture.

Column:
- size: l = 0.25 m, (2) = 4.0 mm;
- stationary phase: polar end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobz7e phase:
- mobile phaseA: 1.36 gIL solution of potassium dihydrogen

phosphate R previously adjusted to pH 3.0 with phosphoric
acidR;

- mobile phase B: acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (percentWl")

0-9 100 0

9 - 15 100 --+ 50 0--+50

15 - 25 50 --+ 20 50 --+ 80

25 - 30 20 80

Flow rate 1.0 mIJrnin.
Detection Spectrophotometer at 265 run.

Injection 20 ilL of the test solution and reference
solutions (a), (b) and (d).

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A, B and D; use the 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 suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity A and phloroglucinol; minimum 4.0 between the
peaks due to impurities D and B.

Limits:
- correction factors: 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 E = 0.7; impurity 1= 0.6;
impurity K =0.6; impurity L =0.4;

- impurities A, 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 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 to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 500 ppm.

Dilute 3 mL of solution S to 15 mL with distilled water R.
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____________________ PhEur

O. 4,6-dichlorobenzene-l,3-diol (4,6-dich1ororesorcinol).

L. 3,5-dichloroaniline,

6099-90-7162.1

OH

~
HO~OH

Phloroglucinol Dihydrate

~Cl~CI

(ph. Bur. monograph 2302)

OH

CI~

yOH

ct

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 0.500 gin 50 mL of waterR. Titrate with 1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

1 rn.L of 1 M sodium hydroxide is equivalent to 63.05 mg
ofC6H 60 3 ·

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, D, B, I, K, L.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are .limited by the general 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) B, O.

OH

~OH
UOH

A. benzene-1,2,3-triol (pyrogallol),

OH

~
UOH

B. benzene-1,3-diol (resorcinol),

OH

h?H ~I
"":::: ~ OH

HO I .# OH

D. 2,3',4,5',6-biphenylpentol (phloroglucide),

OH

~OH

Y
OH

E. benzene-1,2,4-triol,

OH

CI~CI

U
1. 2,6-dichlorophenol,

OH

~OH
CI

K. 4-chlorobenzene-l,3-diol (4-chlororesorcinol),

Action and use
Antispasmodic.

PhEur ~ _

DEFINITION
Benzene-1,3,5-triol dihydrate.

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

CHARACTERS
Appearance
White or almost white 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).

Preparation Previously dry the substance to be examined in
an oven at 105 "C.

Comparison anhydrous phloroglucinol CRS.

B. Thin-layer chromatography {2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in methanolR and dilute to 10 rn.Lwith the same
solvent.

Reference solution Dissolve 0.20 g of anhydrous
phloroglucinol CRS in methanolR and dilute to 10 mL with
the same solvent.

Plate TLC silica gelF254 plate R.
Mobz1e phase anhydrous formic acid R, hexane R, ethyl
acetate R (2:37.5:62.5 V/V/V).

Application 10 j.tL.
Development Over 2/3 of the plate.

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
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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 per cent) 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 BYs (2.2.2~ Method Il).

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 solutions
immediately before use and protect from light.

Solvent mixture Mobile phase B, mobile phase A
(10:90 VIV).

Test solution Dissolve 50.0 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 solution (b) Dissolve 6 mg each of resorcinol 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 to 50 mL with the
solvent mixture.

Reference solution (c) Dissolve 4 mg each of benzene-1~2~4

trialR (impurity E), 2,6-dichlorophenol R (impurity I),
4-chlororesorcinol R (impurity K) and 3~5-dichloroanilineR
(impurity L) in 10 mL of the solvent mixture and dilute to
20 mL with the solvent mixture.

Reference solution (d) Dissolve 10 mg of the substance to be
examined in 10 mL of the solvent mixture, 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;
- stationary phase: polar end-capped octadecylsilyl silica gelfor

chromatography R (5 lJlI1).

Mobilephase:
- mobile phaseA: 1.36 gIL solution of potassium dihydrogen

phosphate R previously adjusted to pH 3.0 with phosphoric
acid R;

- mobile phaseB: acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent V/J/)

0-9 100 a
9 - 15 100 ~ 50 a ~ 50

15 - 25 50 -> 20 50 --> 80

25 - 30 20 80

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 265 nm.

Injection 20 ul, of the test solution and reference
solutions (a), (b) and (d).

Phloroglucinol Dihydrate II-611

Identification ofimpurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to

impurities A, B and D; use the 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 suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity A and phloroglucinol; minimum 4.0 between the
peaks due to impurities D and B.

Limits:
- correction factors: 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 E = 0.7; impurity 1= 0.6;
impurity K = 0.6; impurity L = 0.4;

- impurities A, D~ 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 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 to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 500 ppm.

Dilute 3 mL of solution S to 15 mL with distilled waterR.

Loss on drying (2.2.32)
20.0 per cent to 23.0 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 0.600 gin 50 mL of waterR. Titrate with 1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 63.05 mg
ofC6H603-

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A~ D~ E~ I~ 1(, L.

Other detectable impurities (the following substances would, if
present at a sufficientleoel, be detected by one or otherof the tests
in the monograph. They are limitedby thegeneral acceptance
criterion for otheriunspecified impurities andlorby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B~ .O.
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A. benzene-1,2,3-triol (pyrogallol),

-UOH

B. benzene-1,3-diol (resorcinol),

OH

~
H ~ 1
~ ~ OH

HO I ,# OH

Pholcodine Monohydrate
Pholcodine

(Ph. Bur. monograph 0522)

416.5

Action and use
Opioid receptor agonist; cough suppressant.

Preparations
Pholcodine Linctus

Strong Pholcodine Linctus

6254-99-5 .

D. 2,3',4,5',6-biphenylpentol (phloroglucide),

OH

Ar°H
Y

OH

E. benzene-1,2,4-triol,

OH

Cl~CI

i.,
1. 2,6-dichlorophenol,

-yOH
CI

K. 4-chlorobenzene-1,3-<llol (4-chlororesorcinol),

L. 3,5-dichloroaniline,

OH

CI~

yOH

Cl

O. 4,6-dichlorobenzene-l,3-diol (4,6-dichlororesorcinol).
____________________ PhEur

PhEur _

DEFINITION
17-Methyl-3-[2-(morpholin-4-yl)ethoxy]-7,8-didehydro-4,5ct
epoxymorphinan-oo-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.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison pholcodine CRS.

TESTS
Specific optical rotation (2.2.7)
-98 to -94 (dried substance).

Dissolve 1.000 g in ethanol (96 per cent) R and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

0.02 M 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.

Solvent mixture 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 50 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.
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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 solution (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 m, 0 =4.6 mm.;
- stationary phase: end-capped solidcore phenylhexylsilyl silica

gelfor chromatography R (2.6 J.IIIl);
- temperature: 35°C.

Mobile phase To 50 mL of tetrahydrofuran for
chromatography R add 75 mL of acetonitrile R and dilute to
1000 mL with the 0.02 M phosphate buffer solution; adjust
to pH 7.9 ± 0.05 with 0.2 M sodiumhydroxide; the pH must
not exceed 8.0.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 238 nm.

Injection 20:j..lL.

Run time 5 times theretention time of pholcodine.

Identificdtionof impuriti"es Use the chromatogram supplied
with pholcodine for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B and D; use the
chromatogram obtained with reference solution (d) to
identify the peak due to impurity G.
Relative retention With reference to pholcodine (retention
time = about 10 min): impurity A =about 0.4;
impurity B = about 0.8; impurity D = about 2.3;
impurity G =about 4.2.

System suitability 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);

- 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 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 area of 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 to 4.5 per cent, determined on 0.500 g by
drying in an oven at 105 "C,

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

ASSAY
Dissolve 0.180 g in 50 mL of anhydrous acetic acid R,
warming gently. Titrate with 0.11\11 perchloric acid,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 1\11 perchloric acid is equivalent to 19.93 mg
of CZ3H30Nz04'

Pholcodine II-613

IMPURITIES
Specified impurities A, B, D, G.

Otherdetectable impurities (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 acceptance
criterion for other/unspecified impurities and/orby 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) C, E, F.

A. 17-methyl-7,8-didehydro-4,5et-epoxymorphinan-3, 6et-diol
(morphine),

B. 3-methoxy-17-methyl-7 ,8-didehydro-4,5et
epoxymorphinan-oc-ol (codeine),

and epimerat N*

C. (17RS)-6et-hydroxy-17-methyl-3-[2-(morpholin-4-yl)
ethoxy] -7,8-didehydro-4,5et-epoxymorphinan 17-oxide
(pholcodine N-oxide),

D. 17-methyl-3,6et-bis[2-(morpholin-4-yl)ethoxy]-7,8
didehydro-4,5et-epoxyrnorphinan,

E. 4-[2-[(6et-hydroxy-17-methyl-7,8-didehydro-4,5et
epoxymorphinan-3-yl)oxy]ethyl]morpholine 4-oxide
(pholcodine N' -oxide),
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11-614 Phosphoric Acid

and epimerat N*

F. (17RS)-6C'l-hydroxy-l 7-methyl-3-[2-(4-oxidomorpholin-4
ium.4-yl)ethoxy] -7,8-didehydro-4,5cr-epoxymorphinan
17-oxide (pholcodine N,N'-dioxide),

G. 17,17'-dimethyl-3,3'-bis [2-(morpholin-4-yl)ethoxy]-
7~l'~8,8'-tetradehydro-4,5cx:4',5'ce-diepoxybimorphinan
6C'l,6'C'l-diol (pholcodine dimer).

____________________ PhEur

Phosphoric Acid
(Concentrated Phosphoric Acid, Ph. Bur. monograph
0004)

H~04 98.0

Preparation
Phosphate Oral Solution
PhEw _

DEFINITION
Content
84.0 per cent m/m to 90.0 per cent m/m.

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.

IDENTIFICATION
A. Dilute with waterR. The solution is strongly acid (2.2.4).

B. Solution S (see Tests) neutralised with dilute sodium
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, Method II).

2020

Substances precipitated with ammonia
To 10 mL of solution S add 8 mL of dilute ammonia Rl.
Any opalescence in the solution is not more intense than that
in a mixture of 10 mL of solution Sand 8 mL of waterR.

Hypophosphorous acid and phosphorous add
To 5 mL of solution S add 2 mL of siluer nitratesolution R2
and heat on a water-bath for 5 min. The solution shows 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 distilled waterR.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 7.5 mL of solution S.

Iron (2.4.9)
Maximum 50 ppm.

Dilute 3 mL of solution S to 10 mL with waterR.

ASSAY
To 1.000 g add a solution of 10 g of sodium chloride R in
30 mL of waterR. Titrate with 1 M sodium hydroxide, using
phenolphthalein solution R as indicator.

1 mL of 1 M sodium hydroxide is equivalent to 49.00 mg
ofH3P0 4•

STORAGE
In a glass container.
____________________ PhEur

Dilute Phosphoric Acid
(Ph. Bur. monograph 0005)

PhEur ---' _

DEFINITION
Content
9.5 per cent m/m to 10.5 per cent m/m ofH3P0 4 (Mr 98.0).

PREPARATION
To 885 g of water R add 115 g of concentrated phosphoric
acid and mix.

IDENTIFICATION
A. It is strongly acid (2.2.4).

B. Solution S (see Tests), neutralised with dilute sodium
hydroxide solution R, gives the reactions of phosphates (2.3.1).

TESTS
Solution S
Dilute 86 g to 150 mL with waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Substances precipitated with ammonia
To 10 mL of solution S add 8 mL of dilute ammonia R1.
Any opalescence in the solution is not more intense than that
in a mixture of 10 mL of solution Sand 8 mL of waterR.

Hypophosphorous acid and phosphorous acid
To 5 mL of solution S add 2 mL of siluer nitrate solution R2
and heat on a water-bath for 5 min. The solution shows no
change in appearance.

Chlorides (2.4.4)
Maximum 6 ppm, determined on solution S.
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____________________ PhEur

PhEur _

Phthalylsulfathiazole

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 water 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 0.1 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
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 mL of water R, shake continuously for
30 min and filter. To 10 mL of the filtrate add 0.1 mL of
phenolphthalein solution 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 amines
Maximum 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 cent) 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 g/L solution of
sulfamic acid R and allow to stand for 5 min. Add 1 mL of a
4 g/L solution of naphthylethylenediamine dihydrochloride R and
dilute to 50 mL with water R. 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 Rand 0.5 mL of hydrochloric acid R;
2.5 mL of water R; 6 mL of dilute hydrochloric acid R; and
25 mL of ethanol (96 per cent) 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 (2.4.14) . _
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 gin 40 mL of dimethylformamide R. Titrate
with 0.1 M sodium hydroxide until the colour becomes blue.
using 0.2 mL of thymolphthalein solution R as indicator. Carry
out a blank titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 20.17 mg of
C17H13N30SS2.

STORAGE
Protected from light.
____________________ PhEur

85-73-4403.4

(Ph. Eur. monograph 0352)

Action and use
Antibacterial.

Sulfates (2.4.13)
Maximum 10 ppm, determined on the preparation to be
examined.

Arsenic (2.4. 2~ Method A)
Maximum 0.2 ppm, determined on 7.5 mL of solution S.

Iron (2.4.9)
Maximum 6 ppm.

Dilute 3 mL of solution S to 10 mL with water R.

ASSAY
To 8.60 g add a solution of 109 of sodium chloride R in
30 mL of water R. Titrate with 1 M sodium hydroxide, using
phenolphthalein solution R as indicator.

1 mL of 1 M sodium hydroxide is equivalent to 49.00 mg
ofH3P0 4 .

DEFINITION
2- [[4-(Thiazol-2-ylsulfamoyl)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
dimethylfonnamide, slightly soluble in acetone and in ethanol
(96 per cent).

IDENTIFICATION
First identification: A~ B~ E.

Second identification: B~ C~ D~ E.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison phthalylsulfathiazole CRS.

B. To 1 g add 8.5 mL of dilute sodium hydroxide solution 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 water R,
recrystallise from water R 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-tube add 3 mL of dilute sulfuric acid R
and 0.5 g of zinc powder R. Fumes are evolved which
produce a black stain on lead acetate paper R.

D. To 0.1 g add 0.5 g of resorcinol Rand 0.3 mL of sulfuric
acid R and heat on a water-bath until a homogeneous
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PhEur _

Physostigmine Salicylate

DEFINITION
Physostigmine salicylate contains not less than 98.5 per cent
and not more than the equivalent of 101.0 per cent of
(3aS,8aR)-1,2,3,3a,8,8a-hexahydro-l ,3a,8-trimethylpyrrolo
[2,3-b]indol-5-yl methylcarbamate salicylate, calculated with
reference to the dried substance.

____________________ PhEur

Related substances
Examine by thin-layer chromatography (2.2.27), using-sz7ica
gel GRas the coating substance.

Testsolution (a) Dissolve 0.2 g of the substance to be
examined in alcohol R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 2.5 mL of test solution (a) to 50 mL
with alcohol 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 alcohol R.
Apply to the plate 20 J,JL of each solution. Develop over a
path of 15 cm using a mixture of 2 volumes of concentrated
ammonia R, 23 volumes of 2-propanol Rand 100 volumes of
cyclohexane R. Dry the plate in a current of cold air and carry
out a second development in the same direction. Allow the
plate to dry in air and spray with freshly prepared potassium
iodobismuthate 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).

Eseridine
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 <:>11 the residue
obtained in the test for loss on drying. . -

ASSAY
Dissolve 0.350 gin 50 mL of a mixture of equal volumes of
anhydrous acetic acidR and chloroform R. Titrate with 0.1 M
perchloric aciddetermining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 41.35 mg of
C22H27N30s·

STORAGE
Store in an airtight container, protected from light.

57-64-7413.5

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 to moisture.
Aqueous solutions are unstable.

It melts at about 182°C, with decomposition.

IDENTIFICATION
First identification: A, B.
Second identification: B, C, D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
physostigmine 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 thechromatograrn 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
solutionto dryness. The residue dissolves in alcohol R giving
ablue solution. Add 0.1 mL of glacial acetic acidR.
The colour becomes violet. Dilute with zuater 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.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

pH (2.2.3)
The pH of solution S is 5.1 to 5.9.

Specific optical rotation (2.2.7)
-90 to -94, determined on solution S and calculated with
reference to the dried substance.

Action and use
Cholinesterase inhibitor.

(Ph. Bur. monograph 0286)
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PhEtr ----"'.:..-........ _

(Racemic Ph;ytomenadione~ Ph. Eur. monograph 3011)

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 trimethylpentane R and dilute to 25 mL with
the same solvent.

Optical rotation (2.2.7)
-0.05° to + 0.05°, measured at 25°C.

Dissolve 0.25 gin 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
immediatelybefore 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 cyclohexane R and dilute to 50.0 mL with the
same solvent.

Plate TLC silica gelF254 plate R.

Mobilephase cyclohexane R, toluene R (20:80 VIV).

Application 10 llL.

Development Over 3/4 of the plate.

Drying In air for 5 min.

Detection Examine in ultraviolet light at 254 nm.

Relative retention With 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 chromatography (2.2.29). Prepare the solutions
immediately before use and protect from 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 solution (a) Dissolve 20.0 mg of
phytomenadione 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 trans
epoxyphytomenadione CRS (impurity B) in 1 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 solution (d) Dilute 1.0 mL of reference solution (a)
to 25.0 mL with the mobile phase.

Column:
- size: I =0.25 m, 0 =4.6 rnm;
- stationaryphase: spherical silica gelfor chromatography R

(5 JlIIl).

Mobzle phase octanol R, di-isopropyl etherR, heptane R
(1:3.3:1000 VIVIV).

and
enantiomer

450.7

R H C31H4602 450.7

H R C31H460 2 450.7

R1 R2 Molecularformula Mr

o

R=C¢C
o

R2

trans isomers

cis isomers

PhytorrJenadione

R1

Action and use t:
Vitamin K analogue,

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,llRS)
3,7,11,15-tetramethylhexadec-2-en-I-yl]naphthalene-I,4
dione (czS-phytomenadione isomers).

Content
- zrans-phytomenadione isomers: minimum 85.0 per cent;
- sum of zrans-phytomenadione and czS-phytomenadione

isomers: 97.0 per cent to 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 use and protect from light.

A. Optical rotation (see Tests).

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution (a) Dissolve 10.0 mg of the substance to be
examined in trimethylpentane R and dilute to 100.0 mL with
the same solvent.

Test solution (b) Dilute 10.0 mL of test solution (a) to
50.0 mL with trimethylpentane R.

Spectral range 275-340 nm for test solution (a); 230-280 nm
for test solution (b).

Absorption maxima 327 nm for test solution (a); 243 nm,
249 nm, 261 nm and 270 nm for test solution (b).

Absorption minimum 285 nm 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.

Phytomenadione
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Flow rate 0.8 mUmin.

Detection Spectrophotometer at 254 nm.

Equilibration With the mobile phase for at least 24 h.

Injection 50!1L of the test solution and reference
solutions (b) and (c).

Run 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; cis-phytomenadione
isomers =about 0.65.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity Band czS-phytomenadione isomers; minimum
4.0 between the peaks due to czS-phyromenadione isomers
and trans-phytomenadione isomers.

Calculation of percentage contents:
- for each impurity, use the concentration of trans-

phytomenadione isomers in reference solution (c).

Limits:
- impurityB: maximum 0.2 per cent;
- unspecified impurities: 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
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

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 (d).

System suitability Reference solution (d):
- repeatability: maximum relative standard deviation of

1.0 per cent for the peak due to trans-phytomenadione
isomers, determined on 6 injections.

Calculate the percentage contents of trans-phytomenadione
isomers and czs-phytomenadione isomers taking into account
the assigned content ofphytomenadione CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

A. 2-methyInaphthalene-l ,4-dione (menadione),

2020

o
and

enantiomer

o CHa

B. (laS,7aS)-la-methyi-7a-[(2E,7RS,llRS)-3,7,11,15
tetramethylhexadec-2-en-l-yl]-1a,7a-dihydronaphtho[2,3
b]oxirene-2,7-dione (trans-epoxyphytomenadione isomers).

_____________________ PhEur

Phytosterol
(Ph. Eur. monograph 1911)
PhEur _

DEFINITION
Natural mixture of sterols obtained from plants of the genera
Hypoxis, Pinus and Picea.

Content
Minimum 70.0 per cent of ~-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 1 mL of acetic anhydride R with 0.5 mL of solution S
(see Tests). After the addition of 0.1 mL of sulfuric add R a
red colour is produced, which changes rapidly to violet, then
to blue and finally to green.

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 the peak
in the chromatogram obtained with reference solution (b).

TESTS
Solution S
Dissolve 1.0 gin tetrahydrofuran 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 (2.2.2~ Method Il).

Acidity or alkalinity
Shake 0.20 g with a mixture of 4.0 mL of ethyl acetate 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 Rl, If the solution is yellow, not
more than 0.5 mL of O. 01 1\11 sodiumhydroxide is required to
change the colour to blue. If the solution is blue, not more
than 0.5 mL of 0.011\1I hydrochloric acid is required to change
the colour to yellow.

Specific optical rotation (2.2.7)
-15.0 to -28.0 (dried substance).

Dissolve 0.500 g in ethyl acetate 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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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 othersterols:
- cholesterol: maximum 0.5 per cent;
- brassicasterol: maximum 0.5 per cent;
- campesterol: maximum 15.0 per cent;
- campestanol: maximum 5.0 per cent;
- stigmasterol: maximum 5.0 per cent;
- sitostanol: maximum 15.0 per cent;
- t17-stigmastenol: maximum 5.0 per cent.

6

7

3

Picotamide Monohydrate 11-619

methyl-N--(tnmethylsi[vV butanamideR, close the flask tightly
and heat to 100 DC for 15 min. Allow to cool.

Reference sohaion (a) Dissolve 25 mg of fJ-sitosterol Rand
25 mg of sitostanol R in tetrahydrofuran R and dilute to
10.0 mL with the same solvent. Introduce 100 ul, of this
solution into a 3 mL flask and evaporate to dryness under
nitrogen R. Add 100 IJ.L.of a freshly prepared mixture of
50 ul, of 1-methylimidazole Rand 1.0 mL of heptafluoro-N
methyl;'N-(trimethylsilyVbutanamide R. Close the flask tightly
and heat to 100°C for 15 min. Allow to cool.

Reference solution (b) Dissolve 0.100 g of fJ-sitosterol R in
tetrahydrofuran R and dilute to 10.0 mL with the same
solvent. Introduce 100 ul, of this solution into a 3 mL flask
and evaporate to dryness under nitrogen R. Add 100 J.LL of a
freshly prepared mixture of 50 ul, of 1-methylimidazole Rand
1.0mL of heptajluoro-N-methyl-N-(trimethylsilyVbutanamide R.
Close the flask tightly and heat to 100 DC for 15 min. Allow
to cool.

Column:
- material: quartz;
- size: l =25 m, 0 = 0.3 mm;
- stationary phase: poly(dimethyl) (diphenyl) (divinyl)siloxane R

(1 /lID).

Carrier gas hydrogen for chromatography R.

Flow rate 2 mUmin.

Split ratio 1:20.

Temperature:
- column: 280°C;
- injection port and detector: 300 DC.

Detection Flame ionisation.

Injection 1 p.L.
Relative retentions With reference to ~-sitosterol (retention
time =about 16 min): cholesterol = about 0.7;
brassicasterol =about 0.77; campesterol =about 0.84;
campestanol =about 0.86; stigmasterol = about 0.9;
sitostanol = about 1.02; A7-stigmastenol = about 1.1.

System suitabzlit;y Reference solution (a):
- resolution: minimum 1.0 between the peaks due to

~-sitosterol and sitostanol.

STORAGE
In an airtight container, protected from light.
_____________________ PhEur

1. cholesterol
2. brassicasterol
3. campesterol
4. campestanol

S. stigmasterol
6. ~-sitosterol

7. sitostanol
8. d7-stigmastenol Picotamide Monohydrate

Figure 1911.-1. - Chromatogram for the assay of phytosterol
(trimethylsilyl derivatives)

Loss on drying (2.2.32)
Maximum 4.0 per cent, determined on 0.250 g by drying in
an oven at 105 DC 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 ofthis
solution into a 3 mL flask and evaporate to dryness under
nitrogen R. Add 100 ul, of a freshly prepared mixture of
50 ul, of 1-methylimidazole Rand 1.0 mL of heptafluoro-N-

(Ph. Bur. monograph 1358)

Action and use
Thromboxane Synthetase inhibitor; thromboxane receptor
antagonist; antiplatelet agent.
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PhEur _

DEFINITION
Picotamide monohydrate contains not less than 98.0 per cent
and not more than 101.0 per cent of 4-methoxy-N,N'-bis
(pyridin-3-ylmethyl) benzene-1 ,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 picotamide monohydrate CRS.
If the spectra obtained in the solid state shows differences,
dissolve the substance to be examined and the reference
substance separately in acetone R, evaporate to dryness and
record new spectra using the residues.

perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mLof 0.1 M perchloric acidis equivalent to 18.82 mg of
CZIHzoN403. .

IMPURITIES

A. 4-methoxybenzene-l,3-dicarboxylic acid,

o

~y~~co,H
V U OCH3

B. 2-methoxy-5-[[(pyridin-3-ylmethyl)amino ]
carbonyl]benzoic acid,

PhEur _

D. (pyridin-3-yl)methanamine.

54-71-7

I HCI

244.7

Action and use
Cholinoceptor agonist; treatment of glaucoma.

Preparation
Pilocarpine Hydrochloride Eye Drops

____________________ PhEur

C.4-methoxy-3-[[(Pyridin-3-ylmethyl)amino]
carbonyl]benzoic acid,

(Ph. Bur. monograph 0633)

Pilocarpine Hydrochloride

DEFINITION
(3S,4R)-3-Ethyl-4c-[(1-methyl-1H-imidazol-5-yl)
methyl] dihydrofuran-2(3H)-one hydrochloride.

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

CHARACTERS
Appearance
'White or almost white, crystalline powder or colourless
crystals, hygroscopic.

Solubility
Very soluble in water and freely soluble in ethanol
(96 per cent).

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~

Method II).

Related substances
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelF254 plateR.
Testsolution 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 of picotamide impuniy A CRS in
methanol R and dilute to 10 mL with the same solvent.

Apply to the plate 5 ul, of each solution. Develop over a
path of 15 em using a mixture 0.8 volumes of glacial acetic
acidR, 1 volume of waterR, 2.5 volumes of methanol R and
8 volumes of butanol R.Allow the plate to dry in air and
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 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.

Chlcrides (2.4.4)
Dissolve 0.25 g in a mixture of 2.5 mL of dilute nitric acidR
and 12.5 mL of water R. 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 of 20 mL of anhydrous acetic
acidRand 20 mL of acetic anhydride R. Titrate with 0.1 1\1

www.webofpharma.com



2020

tnp
About 203°C.

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 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 methanolR and dilute to 2 mL with the same
solvent.

Reference solution Dissolve 10 mg of pilocarpine
hydrochloride CRS in methanolR and dilute to 2 mL with the
same solvent.

Plate TLC silica gelplate R.

Mobile phase concentrated ammonia R, methanolR, methylene
chloride R (1:14:85 V/V/V).

Application 2.~.

Development Over a path of 15 em.

Drying At 100-105 °C for 10 min, then allow to cool.

Detection Spray with dilutepotassium iodobismuthate
solutionR.

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
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 not more intensely coloured
than reference solution Y7 (2.2.2, Method II).

pH (2.2.3)
3.5 to 4.5 for solution S.

Specific optical rotation (2.2.7)
+ 89 to + 93 (dried 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 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 waterR and
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 rnL of this solution to 25 mL with waterR. Mainly
pilocarpic acid (impurity B) is formed.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;

Pilocarpine Hydrochloride 11-621

- stationary phase: octadecylsilyl silica gelfor
chromatography Rl (5 urn) with a pore size of 10 nm and
a carbon loading of 19 per cent.

Mobile phase Mix 55 volumes of methanolR, 60 volumes of
acetonitrile R and 885 volumes of a 0.679 gIL solution of
tetrabutylammonium dihydrogen phosphate R previously
adjusted to pH 7.7 with dilute ammonia R2.

Flow rate 1.2 mIJmin.

Detection Spectrophotometer at 220 nm.

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.

System suitability Reference solution (b):
- resolution: minimum 1.6 between the peaks due to

impurity A and pilocarpine.

Limits:
- impurityA: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (1 per cent);

- sum of 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 other than 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 limit: 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 standardsolution (1 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 0.200 gin 50 mL of ethanol (96 per cent) 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.

1 mL of 0.1 M sodiumhydroxide is equivalent to 24.47 mg of
CIIH17CINzOz·

STORAGE
In an airtight container, 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 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. Controlof impurities
in substances for pharmaceutical use) C.
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PhEur _

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pilocarpine nitrate CRS.
C. Thin-layer chromatography (2.2.27).

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

Reference solution Dissolve 10 mg of pilocarpine nitrate CRS
in waterR and dilute to 10 mL with the same solvent.

Plate TLC silica gelplate R.
Mobile phase concentrated ammonia R, methanol R, methylene
chloride R (1:14:85 V/V/V).

Application 10 ~LL.

Development Over a path of 15 em,

Drying At 100-105 DC 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, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. It gives the reaction of nitrates (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. 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 II).

pH (2.2.3)
3.5 to 4.5 for solution S.

Specific optical rotation (2.2.7)
+ 80 to + 83 (dried substance), 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..wirh the same
solvent.

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
20.0 mL with waterR.
Reference solution (b) Dissolve 5.0 mg of pilocarpine nitrate for
system suitability CRS (containing impurity A) in water Rand
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: l = 0.15 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor

chromatography R1 (5 urn) with a pore size of 10 nm and
a carbon loading of 19 per cent.

Mobile phase Mix 55 volumes of methanol R, 60 volumes of
acetonitrile Rand 885 volumes of a 0.679 gIL solution of
tetrabutylammonium dihydrogen phosphate R previously
adjusted to pH 7.7 with dilute ammonia R2.

Flow rate 1.2 mL/min.

Detection Spectrophotometer at 220 nm.

Injection 20!1L.

148-72-1

N~O~O< ~
N : "H
I H

H3C CH3

271.3

(ph. Bur. monograph 0104)

Action and use
Cholinoceptor agonist; treatment of glaucoma.

Preparation
Pilocarpine Nitrate Eye Drops

A. (3R,4R)- 3-ethyl-4-[(l-methyl-lH-imidazol-5-yl)methyl]
dihydrofuran-2(3H)-one (isopilocarpine),

C. (2R,3R)-2-ethyl-3-(hydroxymethyl)-4-(I-methyl-lH
imidazol-5-yl)butanoic acid (isopilocarpic acid).

DEFINITION
(3S,4R)-3-Ethyl-4-[(l-methyl-lH-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 DC, with decomposition.

IDENTIFICATION
First identification: A~ B~ D.
Secondidentification: C~ D.
A. Specific optical rotation (see Tests).

Pilocarpine Nitrate

B. (2S,3R)-2-ethyl-3-(hydroxymethyl)-4-(1-methyl-lH
imidazol-fi-yljbutanoic acid (pilocarpic acid),

____________________ PhEur
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2062-78-4461.6

(Ph. Bur. monograph 1254)

C. (2R,3R)-2-ethyl-3-(hydroxymethyl)-4-(1-methyl-1H
imidazol-5-yl)butanoic acid (isopilocarpic acid).

PhEur _

DEFINITION
1-[1-[4,4-Bis(4-fluorophenyl)butyl]piperidin-4-yl]-1,3
dihydro-2H-benzimidazol-2-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, soluble in methylene chloride,
sparingly soluble in methanol, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B.

Secondidentification: A, C, D.

A. Melting point (2.2.14): 216 DC to 220 DC.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pimozideCRS.

C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 30 mg of the substance to be
examined in the mobile phase and dilute to 10 mL with the
mobile phase.

F

F

B. (2S,3R)-2-ethyl-3-(hydroxymethyl)-4-(1-methyl-1H
imidazol-5-yl)butanoic acid (pilocarpic acid),

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Pimozide Tablets

Pimozide

____________________ PhEur

A. (3R,4R)-3-ethyl-4-[(1-methyl-1H-imidazol-5-yl)methyl]
dihydrofuran-2(3H)-one (isopilocarpine),

Run time Twice the retention time of pilocarpine.

Elution order Impurity B, impurity C, impurity A,
pilocarpine.

Retention time Pilocarpine =about 20 min.

System suitability Reference solution (b):
- resolution: minimum 1.6 between the peaks due to

impurity A and pilocarpine.

Limits:
- impurity A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (l per cent);

- sum of 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 limit: 0.4 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 percentudisregard any peak due to the nitrate ion
with a relative .retention with reference to pilocarpine of
about 0.3. '~"i

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 (l ppm Fe) R
and 5 mLof water R.

Loss on drying (2.2.32)
Maximum o.s per cent, determined on 1.000 g by Cryingin
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 30 mL of anhydrous acetic acid R. 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 27.13 mg
of CUH17N30S'

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A, B.

Other detectable impurities (thefollowing substances would, if
present at a sufficientlevel, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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) C.
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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 of pimozide CRS and
30 mg of benperidol CRS in the mobile phase and dilute to
10 mL with the mobile phase.

Plate TLC silica gelplate R.
Mobzle phase acetone R, methanol R (10:90 VIV).
Application 10 IlL.
Development Over 3/4 of the plate.

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 obtained with reference
solution (a).

D. Mix about 5 mg with 45 mg of heavy magnesium oxideR
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 phenolphthalein solution Rl and
about 1 mL of dilute hydrochloric 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 nitratesolution R,
add 1.0 mL of the filtrate. Mix, allow to stand for 5 min and
compare the colour of the solution with that of a blank
prepared in the same manner. The test solution is yellow and
the blank is red.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method II).

Dissolve 0.2, g in methanolR 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 methanolR and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 5.0 mg of pimozide CRS and
2.0mg of mebendazole CRS in methanolR 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 methanolR. Dilute 1.0 mL of this solution to
10.0 mL with methanolR.

Column:
- size: 1= 0.1 m,0 = 4.6 rom;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3 urn),

Mobzle phase:
- mobile phaseA: solution containing 2.5 gIL of ammonium

acetate Rand 8.5 gIL of tetrabutylammonium hydrogen
sulfateR;

- mobile phase B: acetonitrile R;

Time
(min)

0-10

10 - 15

15 - 20

Flow rate 2.0 mIJrnin.

Mobile phase A
(per cent VIJI)

80 -70

70

80

Mobile phase B
(per cent VIJI)

20 -> 30

30

20

Deteaion Spectrophotometer at 280 nm.

Injection 10 JlL.
Relat:ive retention With reference to pimozide (retention
rime =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 suitabz7ity Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

mebendazole and pimozide.

Limits:
- imprmiies 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 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. 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 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 in a platinum
crucible.

ASSAY
Dissolve 0.300 g in 50 mL of a mixture of I volume of
anhydrousacetic acidRand 7 volumes of methylethylketone 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 acid is equivalent to 46.16 mg
of CZsHzg.F'2N30.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A, B, C~ D, E.

°rNH

(yN~
HN~ V

A. 1-(piperidin-4-yl)-1,3-dihydro-2H-benzimidazol-2-one,

F

6 °~ r NH

~ ~ rYND
~N~

U and enantiomer

B. 1-[1- [(4RS) -4-(4-fluorophenyl)-4~phenylbutyl]piperidin-4
yl]-1,3-dihydro-2H-benzimidazol-2-one,
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F
A. Melting point (2.2.14): 169 -c to 174 -c,
B. Dissolve 20.0 mg in a 0.085 per cent V/V solution of
hydrochloric acidR 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 V/V solution of hydrochloric
acidR in methanol R. Examined between 230 om and
320 nm (2.2.25), the solution shows two absorption maxima,
at 264 nm and at 287 nm, and a shoulder at 275 nm.
The specific absorbance at the maxima are 330 to 350 and
170 to 190, respectively.

C. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum 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 BYs or B, (2.2.2)
Method 11).

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 light.

Test solution (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 1 mL oftest solution (a) to 10 mL
with a mixture of 1 volume of anhydrous acetic acid Rand
99 volumes of methanol R.

Reference solution (a) Dissolve 20 mg of pindolol CRS in a
mixture of 1 volume of anhydrous acetic acidRand
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
acidRand 99 volumes of methanol R.

A. Apply separately 5 ul. of each solution. Develop the plate
without delay over a path of 10 cmusing a freshly prepared
mixture of 4 volumes of concentrated ammonia R, 50 volumes
of ethyl acetate Rand 50 volumes of methanol R. Dry the
plate briefly in a current of cold air. Spray the plate without
delay with dimethylaminobenzaldehyde 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 ul, of each solution. Develop the
plate without delay over a path of 10 ern using a freshly
prepared mixture of 4 volumes of concentrated ammonia R,
50 volumes of ethylacetate R and 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 om. 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).

13523-86-9

and enantiomer

°YNH
(yN~
NJ U

248.3

DEFINITION
Pindolol contains not less than 99.0 per cent and not more
than the equivalent of 101.0 per cent of (2RS)-1-(lH-indol
4-yloxy)-3- [( J-methylethyl) amino[propan-Z-ol, calculated
with reference to the dried substance.

C(r
H OH '. H

HN O· N CH
,9Y I ~ Y 3 and enantiomer

~ CHa

Action and use
Beta-adrenoceptor antagonist.

Preparation
Pindolol Tablets

CHARACTERS
A white or almost white, crystalline powder, practically
insoluble in water, slightly soluble in methanol. It dissolves in
dilute mineral acids.

PhEur _

F

F

F

F

IDENTIFICATION
First identification: A) C.

Second identification: A) B) D.

(Ph. Bur. monograph 0634)

C. 1- [1- [(4RS) -4-(2-fluorophenyl)-4-(4-fluorophenyl)
butyl]piperidin-4-yl]-1,3-dihydro-2H-benzimidazol-2-one,

E. 1- [1- [4,4-bis(4-fluorophenyl)butyl]piperidin-4-yl l-oxide]
1,3-dihydro-2H-benzimidazol-2-one.

D. 1-[1-[4,4-bis(4-fluorophenyl)butyl]-1,2,3,6
tetrahydropyridin-4-yl]-1,3-dihydro-2H-benzimidazol-2
one,

Pindolol

____________________ PhEur
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PhEur _

Pioglitazone Hydrochloride

Action and use
Peroxisome proliferator-activated receptor (PPAR)-gamma
agonist; treatment of diabetes mellitus.

, HCI

112529-15-4392.9

o

(N~0'('l f-(NH
H3C~ ~

and enantiomer H 0

(Ph. Bur. monograph 2601)

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 0.200 gin 80 mL of methanol R. Titrate with 0.1 M
hydrochloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M hydrochloric acid is equivalent to 24.83 mg of
C14HzoNzOz·

STORAGE
Store protected from light.

IMPURITIES

________________---- PhEur

F. (2RS)-1-chloro-3-(lH-indol-4-yloxy)propan-2-01.

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).

Comparison pioglitazone hydrochloride CRS.

B. Dissolve 25 mg in 0.5 mL of nitric acidR and add 2 mL
of dilute nitric acidR. The solution gives reaction (a) of
chlorides (2.3.1).

TESTS
Specific optical rotation (2.2.7)
-0.2 to + 0.2.

Dissolve 2.5 gin dimethylformamide R and dilute to 50.0 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 20 mg of the substance to be
examined in 20 mL of methanol R and dilute to 100.0 mL
with the mobile phase.

Testsolution (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 (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 solution (b) Suspend 5 mg of pioglitazone for system
suitabz7ity CRS (containing impurities B and 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 pioglitazone
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: l =0.15 m, 0 =4.6 mm;

and enantiomerC(y
H OH

HN O~CI
~I
~

HNC(rOH
~I
~

B. 1-[4- [2-hydroxy-3- [(l-methylethyl)amino]propoxy]-lH
indol-1-yl]-3-[(1-methylethyl)amino]propan-2-ol,

C. 1,I'- [(1-methylethyl)imino]bis [3-( 1H-indol-4-yloxy)
propan-2-01],

HN~/O H,pH OH
() -;»>:> and enannorner

E. 1H-indol-4-o1,

A. 1-[[7-[2-hydroxy-3-[(1-methylethyl)amino]propyl]-lH
indol-4-yl] oxy]-3- [(l-methylethyl)amino[propan-z-ol,

D. (2RS)-3-(lH-indol-4-yloxy)propane-1,2-diol,
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PhEur _

__.,....- PhEur

Pipemidic Acid Trihydrate

72571-82-5357.4

(ph. Bur. monograph 1743)

HNl (CH3

~NVJC;lNN(I I
N
~ C02H

o

DEFINITION
8-Ethyl-5-oxo-2-(piperazin-1-yl)-S,8-dihydropyrido [2,3-d]
pyrimidine-6-carboxylic acid trihydrate.

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

CHARACTERS
Appearance
Pale yellow or yellow, crystalline powder.

Solubility
Very slightly 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.

Action and use
Antibacterial.

.(N~.o~ r_{~CH3
H3C~ ~

and enantiomer H 0

(N~O~ .
H3CJJ ~O~CH3

o

o

~o~)lI ~ . I ~ S NH2

H3C # #: O~CH3

and enantiomer . H 0

°
(N~0Y'J ~~NH

H3CJJ ~
o

D. ethyl (2RS)-2-(carbamoylsulfanyl)-3-[4-[2-(S-ethylpyridin
2-yl)ethoxy]phenyl]prop anoate,

E. ethyl 3-[4-[2-(5-ethylpyridin-2-yl)ethoxy]
phenyl]propanoate.

C. (5RS)-5-[[4-[2-(5-ethylpyridin-2-yl)ethoxy]phenyl]
methyl]-3- [2-(5-ethylpyridin-2-yl) ethyl]thiazolidine-2,4
dione,

B. (5Z)-5-[[4-[2-(5-ethylpyridin-2-yl)ethoxy]phenyl]
methylene]thiazolidine-2,4-dione,

o

(N~0Y'J ~-ZNH
H3CJJ ~

. and enantiomer OH 0

A. (5RS)-5-[[4-[2-(5-ethylpyridin-2-yl)ethoxy]phenyl]
methyl]-5-hydroxythiazolidine-2,4-dione,

- stationary phase: end-capped octadecylsilyl silica gelfor
chromatography R (S j.U!1).

Mobilephase glacial acetic acidR, acetonitrile R, 7.71 gIL
solution of ammonium acetate R (1:25:25 V/V/V).

Flow rate 0.7 mllmin.

Detection Spectrophotometer at 269 nm.

Injection 40 ul, of test solution (a) and reference
solutions (a) and (b).

Run time 4 times the retention time of pioglitazone.

Identification of impurities Use the chromatogram supplied
with pioglitazone for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities Band C.

Relative retention With reference to pioglitazone (retention
time = about 7 min): impurity B = about 1.4;
impurity C = about 3.0.

System suitabz1ity Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

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 ootained 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)
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 20 ul, of test solution (b) and reference
solution (c).

Calculate the percentage content of C19HZ1CINZ03S taking
into account the assigned content of pioglitazone
hydrochloride CRS.

IMPURITIES
Specified impurities B, C.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities 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) A, D, E.
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IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison pipemidic acid trihydrate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20 mg of the substance to be
examined in 10 mL of the mobile phase and dilute to
20.0 mL with the mobile phase. Dilute 1.0 mL of the
solution to 10.0 mL with the mobile phase.

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
parahydroxybenzoate R in 2.0 mL of the test solution and
dilute to 20.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 =4.6 rom;
- stationary phase: end-capped octadecylsilylsilica gelfor

chromatography Rl (5 1llTI).

Mobile phase Mix 20 volumes of acetonitrile R, 20 volumes
of methanol R and 60 volumes of a solution containing
5.7 gIL of citric acidmonohydrate R and 1.7 gIL of sodium
decanesulfonate R.

Flow rate O.S mlJmin.
Detection Spectrophotometer at 275 nm,

Injection 20 j.lL.

Run time 2.5 times the retention time of pipemidic acid.

Relative retention With reference to pipemidic acid (retention
time = about 15 min): ethyl
parahydroxybenzoate =about 0.8.

System suitabilit» Reference solution (b):
- resolution: minimum 4.0 between the peaks due to ethyl

parahydroxybenzoate and pipemidic acid.

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 the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.2 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)
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 gin 50 mL of anhydrous acetic acid R. 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 30.33 mg of
C14H17Ns03.

STORAGE
Protected from light.

2020

IMPURITIES
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of the tests
in 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 not necessary 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.

A. 8-ethyl-2-hydroxy-5-oxo-5,S-dihydropyrido[2,3-d]
pyrimidine-6-carboxylic acid,

B. 8-ethyl-2-methoxy-5-oxo-5,8-dihydropyrido [2,3-d]
pyrimidine-S-carboxylic acid,

C. 2-ethoxy-S-ethyl-5-oxo-5,S-dihydropyrido [2,3-d]
pyrimidine-6-carboxylic acid,

D. ethyl 2-chloro-8-ethyl-5-oxo-5,S-dihydropyrido [2,3-d]
pyrimidine-6-carboxylate,

E. ethyl S-ethyl-5-oxo-2-(piperazin-l-yl)-5,8-dihydropyrido
[2,3-d]pyrimidine-6-carboxylate,

o
II

...c, ~ (CH3
H3C N I

~NyNyN1
N~C02H

o

F. 2-(4-acetylpiperazin-1-yl)-S-ethyl-5-oxo-5,S-dihydropyrido
[2,3-d]pyrimidine-6-carboxylic acid (acetylpipemidic acid).

____________________ PhEur
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Ph£ur ~",___---------------

Piperacillin

12

12 --+ 100

100 --+ 12

Mobile phase B
(per cent VIJI)

88

88 0

0 88

Mobile phase A
(per cent VIJI)

Time
(min)

0- tR

tR - (tR + 30)

(tR + 30) - (tR + 45)

If the mobile phase composition has been adjusted to achieve
the required resolution, the adjusted composition will apply
at time zero in the gradient and in the assay.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 run.

Injection 20 ul, of reference solutions (b), (c) and (d) with
isocratic elution at the initial mobile phase composition and
20 ul, of test solution (b) according to the elution gradient
described under Mobile phase.

System suitability:
- resolution: minimum 10 between the peaks due to

impurity A and piperacillin in the chromatogram obtained
with reference solution (c); if necessary, adjust the ratio A:
B of the mobile phase;

- signal-to-noise ratio: minimum 3 for the principal peak in
the chromatogram obtained with reference solution (d);

- mass distribution ratio: 2.0 to 3.0 for the peak due to
piperacillin in the chromatogram obtained with reference
solution (c).

Limit:
- any impurity: for each impurity, not more than twice the

area of the principal peak in the chromatogram obtained
with reference solution (b) (2 per cent).

N,N-Dimethylaniline (2.4.26, MethodA)
Maximum 20 ppm.

Water (2.5.12)
2.0 per cent to 4.0 per cent, determined on 0.500 g.

tR = retention time of piperacillin determined with reference solution (b)

Reference solution (a) Dissolve 25.0 mg of piperacillin CRS in
the solvent mixture and dilute to 50.0 mL with the solvent
mixture.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 25.0 mL with the solvent mixture.

Reference solution (c) Dissolve 10.0 mg of piperacillz"n CRS
and 10.0 mg of anhydrous ampicillin CRS (impurity A) in the
solvent mixture and dilute to 50.0 mL with the solvent
mixture.

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 50.0 mL with the solvent mixture.

Column:
- size: 1=0.25 m, 0 =4.6 rom;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.l111).

Mobile phase:
- mobile phaseA: mix 576 rnL of water R, 200 mL of a

31.2 gIL solution of sodium dihydrogen phosphate Rand
24 mL of an 80 gIL solution of tetrabutylammonium
hydroxide R; if necessary, adjust to pH 5.5 with dilute
phosphoric acidR or dilute sodium hydroxide solution R; add
200 mL of acetonitrile R;

- mobile phaseB: mix 126 mL of water R, 200 mL of a
31.2 gIL solution of sodium dihydrogen phosphate Rand
24 mL of an 80 gIL solution of tetrabutylammonium
hydroxide R; if necessary, adjust to pH 5.5 with dilute
phosphoric acidR or dilute sodium hydroxide solution R; add
650 mL of acetonitrile R;

66258-76-2535.6

DEFINITION
(2S.,5R,6R)-6-[[(2R)-2-[[(4-Ethyl-2,3-dioxopiperazin-1-yl)
carbonyl] amino] -2-phenylacetyl] amino] -3,3-dimethyl-7-oxo
4-thia-1-azabicyc10[3.2.0]heptane-2-carboxylic acid
monohydrate.

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 powder.

Solubility
Slightly soluble in water, freely soluble in methanol, slightly
soluble in ethyl acetate.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison piperacillin CRS.

TESTS
Solution S
Dissolve 2.50 g in sodium carbonate solution R and dilute to
25 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and its absorbance (2.2.25) at 430 run
is not greater than 0.10.

Specific optical rotation (2.2.7)
+ 168 to + 178 (anhydrous substance).

Dissolve 0.250 g in methanol R and dilute to 25.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, 31.2 gIL solution of sodium
dihydrogen phosphate R (25:75 VIV).

Test solution (a) Dissolve 25.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Test solution (b) Prepare the solution immediately before use.
Dissolve 40.0 mg of the substance to be examined in the
solvent mixture and dilute to 20.0 mL with the solvent
mixture.

Action and use
Penicillin antibacterial.

Preparation
Piperacillin Infusion

(Ph. Bur. monograph 1169)
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ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Mobile phase Initial composition of the mixture of mobile
phases A and B, adjusted where applicable.

Injection Test solution (a) and reference solution (a).

System suitability Reference solution (a):
- repeatability: maximum relative standard deviation of

1.0 per cent after 6 injections.

IMPURITIES

A. (ZS,5R,6R)-6-[[ (ZR)-Z-amino-2-phenylacetyl] amino]-3,3
dimethyl-7-oxo-4-thia-l-azabicydo[3.Z.0]heptane-Z
carboxylic acid (ampicillin),

E. l-ethylpiperazine-2,3-dione,

F. (4S)-3-acetyl-Z-[carboxy[[(2R)-Z-[[(4-ethyl-Z,3
dioxopiperazin-l-yl)carbonyl] amino]-Z-phenylacetyl]
amino]methyl] -5,S-dimethylthiazolidine-4-carboxylic acid
(acetylated penicilloic acids of piperacillin).

____________________ PhEur

B. (4S)-Z-[carboxy[[(ZR)-Z- [[(4-ethyl-Z,3-dioxopiperazin-l
yl)carbonyl] amino] -Z-phenylacetyl] amino]rnethylj-S,5
dimethylthiazolidine-4-carboxylic acid (penicilloic acids of
piperacillin),

Piperacillin Sodium
(Ph. Bur. monograph 1168)

H3C../'-.- Nl

~ ~N'V0 H
0" f( I 0 ~'C02Na

o H NH 1+ CH3
.

(fr' H
~ N-- S CH3

I H H
~ 0

PhEur --:...:...::... _

DEFINITION
Sodium (ZS,5R,6R)-6-[[(ZR)-Z-[[(4-ethyl-Z,3-dioxopiperazin
1-yl)carbonyl] amino] -Z-phenylacetyl] amino] -3,3-dimethyl-7
ox6-4~thia-l-azabicyclo[3.2.0]heptane-Z-carboxylate.

Semi-synthetic product derived from a fermentation product.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freely soluble in water and in methanol, practically insoluble
in ethyl acetate.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.250 g in waterR, add 0.5 mL of
dilute hydrochloric add R and 5 mL of ethylacetate 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 (2.3.1).

59703-84-3539.5

Action and use
Penicillin antibacterial.

W o 0 H.... C0 2H

I N C~
# N-)-~~CH'

H3C../'-.-

Jy
Nl HH~ ~ "'ITs

N 0 ~o y 0 H
o H NH ++= .... CHa

\.1 H
~N"--H H S CH3

V 0

C. (ZRS,4S)-Z-[[[(ZR)-Z-[[(4..,ethyl-Z,3-dioxopiperazin-l-yl).
carbonyl] amino]-2-phenylacetyl] amino]methyl] -5,5
dimethylthiazolidine-4-carboxylic acid (penilloic acids of
piperacillin),

D. (ZS,5R,6R)-6-[[(ZR)-Z-[[[(ZS,5R,6R)-6-[[(ZR)-Z-[[(4
ethyl-Z,3-dioxopiperazin-l-yl)carbonyl] amino] -Z
phenylacetyl] amino]-3,3-dimethyl-7-oxo-4-thia-l
azabicydo[3.Z.0]hept-Z-yl] carbonyl] amino]-Z
phenylacetyl] amino] -3,3-dimethyl-7-oxo-t-thia-l
azabicyclo [3.Z.O]heptane-Z-carboxylic acid
(piperacillinylampicillin),
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2020 Piperacillin Sodium 11-631

TESTS
Solution S
Dissolve 2.50 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) and its absorbance (2.2.25) at
430 run is not greater than 0.10.

pH (2.2.3)
5.0 to 7.0 for solution S.

Specific optical rotation (2.2.7)
+ 175 to + 190 (anhydrous substance).

Dissolve 0.250 g in water R and dilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, 31.2 gIL solution of sodium
dihydrogen phosphate R (25:75 VIV)o
Test.solution (aJ Dissolve 25.0 mg of the substance to be
examined in the "solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Test solution (b) Prepare the solution immediately before use.
Dissolve 40.0 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 of piperacillin CRS in
the solvent mixture and dilute to 50.0 mL with the solvent
mixture.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 25.0 mL with the solvent mixture.

Reference solution (c) Dissolve 10.0 mg of piperacillin CRS
and 10.0 mg of anhydrous ampicillin CRS (impurity A) in the
solvent mixture and dilute to 50.0 mL with the solvent
mixture.

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 50.0 mL with the solvent mixture.

Column:
- size: l =0.25 m, 0 =4.6 mm;
- stationaryphase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobzle phase:
- mobile phaseA: mix 576mL of waterR, 200 mL of a

31.2 gIL solution of sodium dihydrogen phosphate Rand
24 mL of an 80 gIL solution of tetrabutylammonium
hydroxide R; if necessary, adjust to pH 5.5 with dilute
phosphoric acid R or dilutesodium hydroxide solution R; add
200 mL of acetonitrile R;

- mobile phase B: mix 126 mL of waterR, 200 mL of a
31.2 gIL solution of sodium dihydrogen phosphate Rand
24 mL of an 80 gIL solution of tetrabutylammonium
hydroxide R; if necessary, adjust to pH 5.5 with dilute
phosphoric acid R or dilute sodium hydroxide solution R; add
650 mL of acetonitrile R;

Time
(min)

0- tR

tR - (tR + 30)

(tR + 30) - (rR+ 45)

Mobile phase A
(per cent V/JI)

88
88 -> 0
o -> 88

Mobile phase B
(per cent VIV)

12

12 -> 100

100 -> 12

If the mobile phase composition has been adjusted to achieve
the required resolution, the adjusted composition will apply
at time zero in the gradient and in the assay.

Flow rate 1.0 mLlmin.

Detection Spectrophotometer at 220 run.

Injection 20 IlL of reference solutions (b), (c) and (d) with
isocratic elution at the initial mobile phase composition and
20 ul, of test solution (b) according to the elution gradient
descnbed under Mobile phase.

System suitability:
- resolution: minimum 10 between the peaks due to

impurity A and piperacillin in the chromatogram obtained
with reference solution (c); if necessary, adjust the ratio A:
B of the mobile phase;

- signal-co-noise ratio: minimum 3 for the principal peak in
the chromatogram obtained with reference solution (d);

- mass distribution ratio: 2.0 to 3.0 for the peak due to
piperacillin in the chromatogram obtained with reference
solution (c).

Limit:
- any impurity: for each impurity, not more than twice the

area of the principal peak in the chromatogram obtained
with reference solution (b) (2 per cent).

N,N-Dimethylaniline (2.4.26, MethodA)
Maximum 20 ppm.

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.500 g.

Bacterial endotoxins (2.6.14)
Less than 0.07 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 modifications.

Mobzle phase Initial composition of the mixture of mobile
phases A and B, adjusted where applicable.

Injection Test solution (a) and reference solution (a).

System suitabzlity Reference solution (a):
- repeatability: maximum relative standard deviation of

1.0 per cent after 6 injections.

Calculate the percentage content of piperacillin sodium,
multiplying the result by 1.042.

STORAGE
In an airtight container. If the substance is sterile, store in a
sterile, airtight, tamper-proof container.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficientlevel, be detected by one or other of the tests
in the monograph. They are limitedby thegeneral acceptance
criterion for other/unspecified impurities and/orby 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 impurities
in substances for pharmaceutical use) H.

te = retention time of piperacillin determined with reference solution (b)
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11-632 Piperazine Adipate

A. (2S,5R,6R)-6-[[(2R)-2-amino-2-phenylacetyl]amino]-3,3
dimethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]heptane-2
carboxylic acid (ampicillin),

B. (4S)-2-[carboxy[[(2R)-2-[[(4-ethyl-2,3-dioxopiperazin-l
yl)carbonyl] amino]- 2-phenylacetyl]amino]methyl]-5,5
dimethylthiazolidine-4-carboxylic acid (penicilloic acids of
piperacillin),

C. (2RS,4S)-2-[[[(2R)-2-[[(4-ethyl-2,3-dioxopiperazin-I-yl)
carbonyl]amino]- 2-phenylacetyl]amino]methyl]-5,5
dimethylthiazolidine-4-carboxylic acid (penilloic acids of
piperacillin),

2020

F. (4S)-3-acetyl-2-[carboxy[[(2R)-2-[[(4-ethyl-2,3
dioxopiperazin-I-yl)carbonyl]amino]-
2-phenylacetyl] amino]methyl]-5,5-dimethylthiazolidine-4
carboxylic acid (acetylated penicilloic acids of piperacillin),

G. (2R)-2-[[(4-ethyl-2,3""dioxopiperazin-I-yl)
carbonyl]amino]-2-phenylacetic acid,

o H~\C02H
N CH3H2N-tf:S cH,

H H

H. (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l
azabicyc1o[3.2.0]heptane-2-carboxylic acid
(6-aminopenicillanic acid).

___________________ PhEur

Piperazine AdipateCy0 ° H~.COzH

I 1+ CH3

# N-- CH3
H3C~N~ H: H S

Jy l HN ° H H

N ° ~o Y ° H
o H\ NH H 't-~- »» CH3m N- -t-t-S CH3

I H H
~ .0

(Ph. Bur. monograph 0423)

232.3 142-88-1

D. (2S,5R,6R)-6-[[(2R)-2-[[[(2S,5R,6R)-6-[[(2R)-2-[[(4
ethyl-2,3-dioxopiperazin-l-yl)carbonyl] amino]
2-phenylacetyl]amino]-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo[3.2.0]hept-2-yl]carbonyl]amino]
2-phenylacetyl]amino]-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo[3.2.0]heptane-2-earboxylic acid
(piperacillinylampicillin),

E. l-ethylpiperazine-2,3-d.ione,

Action and use
Anthelminthic.

PhEur _

DEFINITION
Piperazine adipate contains not less than 98.0 per cent and
not more than the equivalent of 101.0 per cent of piperazine
hexanedioate, calculated with reference to the anhydrous
substance.

CHARACTERS
A white or almost white crystalline powder, soluble in water,
practically insoluble in alcohol. It melts at about 250°C,
with decomposition.

IDENfIFICATION
Firstidentification: A.
Second identification: B, 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.
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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. 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 etherR. Evaporate the combined ether layers to
dryness. The residue, washed. with 5 mL of waterR and
dried at 100 °C to 105°C, melts (2.2.14) at 150 "C to
154°e.

TESTS
Solution S
Dissolve 2.5 g in water R md 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 Bs (2.2.2, Method II).

Related:'substanc~~
Examine by thin-layer chromatography (2.2.27), using a
suitable silica gel as the coating substance.

Testsolution (a) Dissolve 1.0 g of the substance to be
examined in 6 mL of cmwmD'ated ammonia R and dilute to
10 mL with ethanolR.
Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with a mixture of 2 volumes of ethanol R and 3 volumes of
concentrated" ammonia R.
Reference solution (a) Dissolve 0.1 g ofpiperazine
adipate CRS in a mixture of2 volumes of ethanol Rand
3 volumes of concentrated ammonia R and dilute to 10 mL
with the same mixture ofsolvents.

Reference solution (b) Dissolve 25 mg of ethylenediamine R in
a mixture of 2 volumes ofedw.nol R and 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 ofethanolR and 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 ethanol Rand
3 volumes of concentrated ammonia R.

Apply separately to the pIate 5 J,J.L of each solution. Develop
over a path of 15 em using a freshly prepared mixture of
20 volumes of concentrated ammonia R and 80 volumes of
acetone R. Dry the plate at 105 "C and spray successively
with a 3 gIL solution of1tinhydrin R in a mixture of
3 volumes of anhydrous acetic acid R and 100 volumes of
butanolR and a 1.5 gIL solution of ninhydrinR in ethanol R.
Dry the plate at 105°C fur 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 0.05 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
two clearly separated spots. Disregard any spots remaining on
the lme of application.

Piperazine Citrate 1I-633

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 0.1 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·M perchloric acidusing 0.25 mL of
naphtholbenzein solution R as indicator until the colour
changes from brownish-yellow to green.

1 mL of 0.1 M perchloric acid is equivalent to 11.61 mg of

e 1oHzoNz0 4 '

_____________________ PhEur

Piperazine Citrate
(Ph. Bur. monograph 0424)

C2A~6014,xH20 643
(anhydrous substance)

Action and use
Anthelminthic.

Preparation
Piperazine Citrate Elixir

PhEur _

DEFINITION
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.

IDENflFICATION
First identification: A.

Second identification: B) 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).
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11-634 Piperazine Hydrate 2020

PhEur _

_____________________ PhEur

Piperazine Hydrate

142-63-2

• 6HzO

194.2

Action and use
Anthelminthic.

r NH

HN~

(Ph. Bur. monograph 0425)

1 mL of 0.1 M perchloric add is equivalent to 10.71 mg of

e2~4~6014'

DEFINITION
Piperazine hexahydrate.

Content
98.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
Colourless, deliquescent crystals.

Solubility
Freely soluble in water and in ethanol (96 per cent).

mp
About 43°C.

IDENTIFICATION
Frrstidentijication:A.

Secondidentification: B~ C.

A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dry the substance to be examined and the
reference substance over diphosphorus pentoxide R in vacuo for
48 h, powder the substances avoiding uptake of water,
prepare discs and record the spectra without delay.

Comparison piperazine hydrate 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 ginS mL of dilute sodium hydroxide
solution R. Add 0.2 mL of benzoyl chloride R and mix.
Continue to add benzoyl 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 waterR added in small
portions. Dissolve the precipitate in 2 mL of hot ethanol
(96 per cent) R and pour the solution into 5 mL of waterR.
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 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 Bs (2.2.2, Method 11).

TESTS
Solution S
Dissolve 1.25 g in 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
than reference solution Bs (2.2.2~ Method 11).

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 1 mL oftest solution (a) to 10 mL
with a mixture of 2 volumes of anhydrous ethanolRand
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 ethanolRand
3 volumes of concentrated ammonia R and dilute to 10 mL
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 triethylenediamine R
in a mixture of 2 volumes of anhydrous ethanolRand
3 volumes of concentrated ammoniaR and dilute to 100 mL
with the same mixture of solvents.

Reference solution (d) Dissolve 12.5 mg of
triethylened£am£ne R in 5.0 mL of test solution (a) and dilute
to 50 mL with a mixture of 2 volumes of anhydrous ethanolR
and 3 volumes of concentrated ammonia R.

Apply separately to the plate 5 J.tL of each solution. Develop
over a path of 15 em using a freshly prepared mixture of
20 volumes of concentrated ammoniaRand 80 volumes of
acetone R. Dry the plate at 105°C and spray successively
with a 3 gIL solution of ninhydrinR in a mixture of
3 volumes of anhydrousacetic acidRand 100 volumes of
butanolR and a 1.5 gIL solution of ninhydrinR in anhydrous
ethanolR. 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 Il.OS 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 gin 10 mL of anhydrous acetic add R with
gentle heating and dilute to 70 mL with the same acid.
Titrate with 0.1 M perchloric add using 0.25 mL of
naphtholbenzein solution R as indicator until the colour
changes from brownish-yellow to green.
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2020 Piperazine Phosphate 11-635

DEFINITION
Piperazine Phosphate contains not less than 98.5% and not
more than 100.5% of C,JiloNz,H3P04, 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 g in 5 mL of water, add 0.5 g of sodium
hydrogen carbonate, 0.5 mL of a 5% w/v solution of potassium
hexacyanoferratettu) 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 gin 5 mL of 2M hydrochloric 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 meltingpoint of the crystals, after washing
with 10 mL of iced water and 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% w/v 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.5Msulfuric acid
and 10 mL of water. Add 100 mL of picric acidsolution R1,
heat on a water bath for 15 minutes and allow to stand for
1 hour. Filter through a sintered-glass filter (ISO 4793,
porosity grade 4, is suitable) and wash the residue with
successive 10 mL quantities of a mixture of equal volumes of
a saturated solution ofpicric acid and wateruntil the washings
are free from sulfate. Wash the residue with five 10 mL
quantities of absolute ethanoland dry to constant weight at
100° to 105°. Each g of residue is equivalent to 0.3382 g of
C~loNz,H3P04'

pH (2.2.3)
10.5 to 12.0 for solution S.

Related substances
Thin-layer chromatography (2.2.27).
Solvent mixture anhydrous ethanol R, concentrated ammoniaR
(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 ethanolR.

Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with the solvent mixture.

Reference solution (a) Dissolve 0.1 g of piperazine
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 triethylenediamine R
in the solvent mixture and dilute to 100 mL with the solvent
mixture.

Reference solution (d) Dissolve 12.5 mg of
triethylenediamine Rin 5.0 mL of test solution (a) and dilute
to 50 mL with the solvent mixture.

Plate Suitable silica gel as the coating substance.

Mobilephase concentrated ammonia R, acetone R (20:80 VIV);
use a freshly prepared mixture.

Application 5 J-lL.
Development Over a path of 15 cm.

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
acidRand 100 volumes of butanol R and a 1.5 gIL solution
of ninhydrinR in anhydrous ethanol R and dry the plate at
105°C for 10 min.

Limits A 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 M iodine and allow to stand for
about 10 min.

Limits B 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 acidusing 0.25 mL of
naphtholbenzein solution R as indicator until the colour
changes from brownish-yellow to green.

1 mL of 0.1 M perchloric acid is equivalent to 9.705 mg of
C4H lONz,6HzO.

STORAGE
In an airtight container, protected from light.
____________________ PhEur

Piperazine Phosphate

r>.
HN NH ,H3P04

L.J

202.1

Action and use
Anthelminthic.

Preparations
Piperazine Phosphate Chewable Tablets

Piperazine Phosphate Tablets

18534-18-4
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11-636 Piracetam 2020

B. methyl (2-oxopyrrolidin-1-yl)acetate,

A. pyrrolidin-2-one (2-pyrrolidone),

Column:
- size: 1= 0.25 m, 0 = 4.6 mm,
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

lVIobz7e phase Mix 10 volumes of acetonitrile Rl and
90 volumes of a 1.0 gIL solution of dipotassium hydrogen
phosphate R; adjust to pH 6.0 with diluie phosphoric acidR.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 205 nm.

Injection 20 /lL of test solution (a) and reference
solutions (a) and (b).

Run time 8 times the retention time of piracetam.

Relative retention With reference topiracetam (retention
time = about 4 min): impurity D = about 0.8;
impurity A = about 1.15; impurity B =about 2.8;
impurity C = about 6.3.

System suitabz7ity Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

piracetam and impurity A,
- symmetry factor. maximum 2.0 for the peak due to

piracetam.

Limits:
- 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) (0.1 per cent),

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.1 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 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 test for
related substances with the following modification.

Injection Test solution (b) and reference solution (c).

Calculate the percentage content of C6H lON202 from the
areas of the peaks and the declared content of piracetam CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, BJ C, D.

7491-74-9142.2

(Ph. Bur. monograph' 1733)

Action and use
Nootropic; cortical myoclonus.

Piracetam

PhEur _

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method If).

Dissolve 2.0 g in waterR and dilute to 10 mL with the same
solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 50.0 mg of-the substance to be
examined in a mixture of 10 volumes of acetonitrile R1 and
90 volumes of 'water R and dilute to 100.0 mL with the same
mixture of solvents.

Test solution (b) Dilute 10.0 mL of test solution (a) to
50.0 mL with a mixture of 10 volumes of acetonitrile R1 and
90 volumes of waterR.

Reference solution (a) Dissolve 5 mg of the substance to be
examined and 10 ul, of 2-pyrrolidone R in a mixture of
10 volumes of acetonitrile R1 and 90 volumes of waterRand
dilute to 100.0 mL with the same mixture of solvents.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with a mixture of 10 volumes of acetonitrile R1 and
90 volumes of waterR. Dilute 5.0 mL of this solution to
50.0 mL with a mixture of 10 volumes of acetonitrile R1 and
90 volumes of waterR.

Reference solution (c) Dissolve 50.0 mg of piracetam CRS in
a mixture of 10 volumes of acetonitrile Rl and 90 volumes of
water R and dilute to 100.0 mL with the same mixture of
solvents. Dilute 10.0 mL of this solution to 50.0 mL with a
mixture of 10 volumes of acetonitrile Rl and 90 volumes of
water R.

DEFINITION
2-(2-0xopyrrolidin-1-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 polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparisonpiracetam 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 per cent) R, evaporate to
dryness on a water-bath and record new spectra using the
residues.
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C. ethyl (2-oxopyrrolidin-1-yl)acetate,

D. (2-oxopyrrolidin-l-yl)acetic acid.
____________________ PhEur

Pirenzepine Hydrochloride
(Pirenzepine Dihydrochloride Monohydrate, Ph. Bur.
monograph 2001)

Action and use
Muscarinic M 3 receptor antagonist.

PhEur _

DEFINITION
11- [(4-Methylpiperazin-l-yl)acetyl]-5, l1-dihydro-6H-pyrido
[2,3-b][1,4]benzodiazepin-6-one dihydrochloride
monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

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.

Second identification: A, C, D.

A. Dissolve 30.0 mg in methanolR 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 nm. The specific absorbance at the maximum is
190 to 205 (anhydrous substance).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pirenzepine dihydrochloride monohydrate CRS.

C. Examine the chromatograms obtained in the test for
impurity D.

Results The principal zone obtained in the 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).

Pirenzepine Hydrochloride 11-637

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 GYs (2.2.2, Method II).

pH (2.2.3)
1.0 to 2.0 for solution S.

Impurity D
Thin-layer chromatography (2.2.27).

Test solution (a) To 0.10 g add 0.1 mL of concentrated
ammonia R and dilute to 10 mL with methanolR.

Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with methanolR.

Reference solution (a) To 0.1 g of pirenzepine dihydrochloride
monohydrate CRS add 0.1 mL of concentrated ammoniaRand
dilute to 10 mL with methanolR.

Reference solution (b) Dissolve 25 mg of methylpiperazine R
in methanol R and dilute to 25 mL with the same solvent.
Dilute 2.0 mL of the solution to 100 mL with methanolR.

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 1 mL with 1 mL of reference
solution (b).

Reference solution (d) Dilute 1 mL of reference solution (a)
to 10 mL with methanolR.

Plate TLC silica gelplate R.

Mobile phase concentrated ammonia R, methanolR, ethyl
acetate R, toluene R (7:25:28:40 V/V/V/V).

Application 20 ul, as zones of 20 mm by 2 mm.

Development Over 2/3 of the plate.

Drying In air.

Detection Expose the plate to iodine vapour until the zone
in the chromatogram obtained with reference solution (b) is
clearly 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 1-phenylpiperazine R
in methanol R and dilute to 10 mL with the same solvent.
Mix 1 mL of the solution with 1 mL of the test solution, add
5 mL of methanolR and dilute to 10 mL with mobile
phase A.
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Column:
- size: 1= 0.125 m, (2) = 4.6 nun,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn),

Mobzle phase:
- mobile phase A: dissolve 2.0 g of sodium dodecyl sulfate R in

waterR, adjust to pH 3.2 with acetic acidR and dilute to
1000 mL with waterR,

- mobile phase B: methanol R,
- mobile phase C: acetonitrile R,

Time Mobile phase A Mobile phase B Mobile phase C
(min) (per cent VflI) (per cent VIV) (per cent VIJI)

0-15 55 -> 25 30 15 -> 45

15 - 18 25 -> 20 30 -> 0 45 -> 80

C. 6-[[(4-methylpiperazin-1-yl)acetyl] amino]-11H-pyrido[2,1
b]quinazolin-l l-one,

D. l-rnethylpiperazine.
____________________ PhEur

PhEur _

Piretanide

55837-27-9362.4

Action and use
Thiazide diuretic.

(Ph. Bur. monograph 1556)

DEFINITION
4-Phenoxy-3-(pyrrolidin-I-yl)-5-sulfamoylbenzoic acid.

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

CHARACTERS
Appearance
Yellowish-white or yellowish powder.

Solubility
Very slightly 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 differences, dissolve the
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 more intensely coloured
than reference solution GY4 (2.2.2, Method 11).

Dissolve 0.1 g in methanol R and dilute to 10 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmixture anhydrous ethanol R, acetonitrile R, water R
(10:45:45 VIVIV).

A. 11-(chloroacetyl)-5,11-dihydro-6H-pyrido[2,3-b] [1,4]
benzodiazepin-6-one,

B. 5,11-dihydro-6H-pyrido[2,3-b] [1,4]benzodiazepin-6-one,

Flow rate 1 mIJmin.

Detection Spectrophotometer at 283 run.

Injection 10 IlL.
System suitabzlity Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

pirenzepine and l-phenylpiperazine.

Limits:
- any impurity: not more than the peak area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.2 per 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 limit: 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, determined on 1.0 g.

ASSAY
Dissolve 0.300 gin 50 mL of waterR. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume at the first point of inflection.

1 mL of 0.1 M sodium hydroxide is equivalent to 42.43 mg of
C19Hz3ClzNsOz.

STORAGE
Protected from light.

IMPURITIES
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PhEur _

53179-13-8185.2

DEFINITION
5-Methyl-l-phenylpyridin-2(lH)-one.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or pale yellow, crystalline powder.

Solubility
Sparingly soluble in water, freely soluble in ethanol
(96 per cent), slightly soluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison pirfenidone CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

(ph. Bur. monograph 2856)

C. 4-(pyrrolidin-l-yl)dibenzo [b,d] furan-2-carboxylic acid.

Action and use
Treatment of idiopathic pulmonary fibrosis.

B. methyl-3- [[(dimethyl amino)methylidene]sulfamoyl] -4
phenoxy-5-(pyrrolidin-l-yl)benzoate,

Pirfenidone

____________________ PhEur

A. 4-phenoxy-3-(IH-pyrrol-l-yl)-5-sulfamoylbenzoic acid,

Testsolution Dissolve 20 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
suitability CRS (containing impurities A, B and C) in the
solvent mixture and dilute to 10.0 mL with the solvent
mixture.

Reference solution (b) Dilute 0.3 mL of the test solution to
100.0 mL with the solvent mixture.

Column:
- size: 1= 0.125 m, 0 = 4 mrn;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 1JlIl).

Mobile phase A mixture of 35 volumes of acetonitrile Rl and
65 volumes of a solution prepared as follows: add 1 mL of
trifluoroacetic acidR to 500 mL of water for chromatography R,
add 1 mL of triethylamine R and dilute to 1000 mL with
water for chromatography R.

Flow rate 1 mUmin.
Detection Spectrophotometer at 232 nm.
Injection 10 ~L.

Run time 5 times the retention time of piretanide.

Identification of impurities Use the chromatogram supplied
with piretanide for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B and C.

Relative retention With reference to piretanide (retention
time = about 10 min): impurity A = about 0.8;
impurity B = about 3.1; impurity C = about 4.1.

System suit.wility Reference solution (a):
- resolution: minimum 2 between the peaks due to

impurity A and piretanide.

Limits:
- impurities A, B, C: for each impurity, not more than 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 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 than 3.33 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 gin 25 mL of anhydrous acetic 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 36.24 mg
of C17HlSNzOsS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.
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PhEur _

D. bromobenzene.

36322-90-4331.4

(Ph. Bur. monograph 0944)

DEFINITION
4-Hydroxy-2-methyl-N-(pyridin-2-yl)-2H-1,2-benzothiazine
3-carboxamide 1, l-dioxide,

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

CHARACTERS
Appearance
White or slightly yellow, crystalline powder.

Action and use
Cyclo-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparations
Piroxicam Capsules

Piroxicam Gel

IMPURITIES
Other detectable 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 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, B, C, D.

~Br

V

A. 5-methylpyridin-2-amine,

C. phenol,

~OH

V

B. 5-methylpyridin-2(1H)-one,

H3C~~H

~o

Piroxicam

_________________~__ PhEur

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) Dilute 1.0 mI.. of test solution (b) to
10.0 mL with the mobile phase. DiI11te 1.0 mL of this
solution to 20.0 mL with the mobile phase.

Reference solution (b) Dissolve s: mg of 5-methylpyridin-2
amineR (impurity A) and 5 mg of5-metkylpyridin-2(1H)
oneR (impurity B) in methanolR and dilute to 100 mL with
the same solvent. Dilute 1 mL ofthe: solution to 100 mL
with the mobile phase.

Reference solution (c) Dissolve 5'0..01 mg ofpirfenidone CRS in
the mobile phase and dilute to 50JJ mL with the mobile
phase. Dilute 5.0 mL of the solution to 50.0 mL with the
mobile phase.

Column:
- size: 1= 0.25 m, (2) = 4.6 rum;
- stationary phase: octylszryl silica gelfut' 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
phosphoric acid R. Mix 650 mL of this solution, 130 mL of
methanol R2 and 220 mL of aceumurtle Rl,

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 nm..

Injection 15 ul, of test solution (a) and reference
solutions (a) and (b).

Run time 4 times the retention time of pirfenidone,

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identif.f the peaks due to
impurities A and B.

Relative retention With reference to pirfenidone (retention
time = about 10 min): impurity A = about 0.35;
impurity B = about 0.4.

System suitability Reference solution (b):
- resolution: minimum 3.0 between. the peaks due to

impurities A and B.
Calculation of percentage contents:
- for each impurity, use the concentration of pirfenidone in

reference solution (a).

Limits:
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.03 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined CJn 1.000 g by drying at
80°C at a pressure not exceeding 75 kPa for 4 h.

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 (b) and reference solution (c).

Calculate the percentage content of C1zHuNO taking into
account the assigned content of pirfenidone CRS.
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Solubility
Practically insoluble in water, soluble in methylene chloride,
slightly soluble in anhydrous ethanol.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison piroxicam 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 methylene
chloride R, 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 the substance to be
examined in acetonitrile Rl, warming slightly if necessary, and
dilute to 50.0 mL with the same solvent.

Reference solution (a) Dissolve 7 mg of piroxicam for system
suitabilizy CRS (containing impurities A., B, D, G and D in
acetonitrile Rl and dilute to 5.0 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL of the test solution to
10.0 mL with acetonitrile RI. Dilute 1.0 mL of this solution
to 50.0 mL with acetonitrile Rl.

Column:
- size:1= 0.25 m, (2) = 4.6 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silicagel for chromatography R (5 JlIIl);
- temperature: 50 DC.

lHobile 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 phosphoric
acid R.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 230 nm.
Injection 20 J.LL.
Run time 5 times the retention time of piroxicam.

Identification of impurities Use the chromatogram supplied
with piroxicamfor system suitabilityCRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities Ai B, D, G and J.
Relative 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.

System suitability 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;
- impuritiesA, B, DJ GJ J: for each impurity, not more than

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

- unspecifiedimpurities: 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 per cent);

Piroxicam 11-641

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

Loss on drying (2,2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 105 DC 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 volumes of
acetic anhydride R and anhydrous acetic acid R. 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 33.14 mg
of ClsH13N304S,

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B~ D~ G~ J.
Other detectable impurities (the following substances uiould, if
present at a sufficient leoel, be detected by one or otherof the tests
in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceuticaluse (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) C~ E~ F~ H~ I~ K, L.

A. pyridin-2-amine,

o 0

QA
'\l "NH

I H
~ ~ N~

OH 0 N~

B. 4-hydroxy-N-(pyridin-2-yl)-2H-1 ,2-benzothiazine-3
carboxamide 1,l-dioxide,

o 0
\\ IIN S

' 7 " CH3

~NH2
OH 0

C. 4-hydroxy-2-methyl-2H-1,2-benzothiazine-3-carboxamide
1,l-dioxide,

D. methyl (1, l-dioxido-3-oxo-1,2-benzisothiazol- 2(3H)-yl)
acetate,
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E. ethyl (1, l-dioxido-3-oxo-I ,2-benzisothiazol-2(3H)-yl)
acetate,

L. I-methylethyl 4-hydroxy-2-methyl-2H-l ,2-benzothiazine
3-carboxylate 1, I-dioxide.

__-'-- -'--__-'-- PhEur

Pivampicillin
F. I-methylethyl (L, I-dioxido-3-oxo-I,2-benzisothiazol-2

(3H)-yl) acetate,
(ph. Bur. monograph 0852)

PhEur _

33817-20-8463.6

Action and use
Antibacterial.

DEFINITION
Methylene (2S,5R,6R)-6-[[(2R)-2-amino-2
phenylacetyl] amino]-3,3-dimethyl-7-oxo-4-thia-I
azabicyclo [3.2. 0]heptane-2-carboxylate
2,2-dimethylpropanoate.

Semi-synthetic product derived from a fermentation product.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methanol,
soluble in anhydrous ethanol. It dissolves in dilute acids.

IDENTIFICATION
Fwstidentijication:A.

Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison pivampiciUin CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in 2 mL of methanol R.
Reference solution (a) Dissolve 10 mg of pivampicillin CRS in
2 mL of methanol R.
Reference solution (b) Dissolve 10 mg of bacampicillin
hydrochloride CRS, 10 mg ofpivampicillin CRS and 10 mg of
talampicillin 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 with glacial acetic acidR,
40 volumes of waterRand 50 volumes of ethanol
(96 per cent) R.

Application I~.

Development Over a path of 15 em.

o 0

rY~'~H
~O'-./CH3

OH 0

G. methyl 4-hydroxy-2H-I,2-benzothiazine-3-carboxylate
1, I-dioxide,

K. ethyl 4-hydroxy-2-methyl-2H-l,2-benzothiazine-3
carboxylate 1,I-dioxide,

H. ethyl 4-hydroxy-2H-I ,2-benzothiazine-3-carboxylate
1, I-dioxide,

J. methyI4-hydroxy-2-methyl-2H-I,2-benzothiazine-3
carboxylate 1, l-dioxide,

1. I-methylethyl 4-hydroxy-2H-l,2-benzothiazine-3
carboxylate 1,I-dioxide,
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Reference solution Mix 2.0 mL of the test solution with
9.0 mL of acetonitrile Rand 9.0 mL of a 1 gIL solution of
phosphoric acid R.

Column:
- size: l =0.125 m, 0 = 4 nun;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R.
Mobile phase:
- mobile phase A: mix 50 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 ofphosphoric add R, and 85 volumes of
acetonitrile R;

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 220 nm.
Injection 50 J,1L.
Retention time Pivampicillin dimer = about 5 min.

System suitabilit;y Reference solution:
- ratio of the massdistribution 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);

- 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-DimethyJaniline (2.4.26, Method B)
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 sulfuric
acid. Heat the tube for 10 min in a water-bath, cool and add
15 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 mL of this solution to
50.0 mL with the mobile phase.

Reference solution (a) Dissolve 50.0 mg of piuampicillin 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 25.0 mg of propyl
parahydroxybenzoate CRS in the mobile phase and dilute to

Drying In a current of warm air.

Detection Spray with ninhydrinsolution R1 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 obtained with
reference solution (a).

C. Place about 2 mg in a test-tube about 150 rom 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 II (2.2.1) and not more intensely coloured than
reference solution B7 (2.2.2, Method l).

Dissolve 50 mg in 12 mL of 0.1 M hydrochloric acid.

Specific optical rotation (2.2.7)
+ 208to +222 (anhydrous substance).

Dissolve 0.100 gin 5.0 mL of ethanol (96 per cent) Rand
dilute to 10.0 mL with 0.1 M hydrochloric acid.

Triethanolamine
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.100 g of the substance to be
examined in 1.0 mL of a mixture of 1 volume of waterRand
9 volumes of acetonitrile R.
Reference solution Dissolve 5.0 mg of triethanolamine R in a
mixture of 1 volume of waterRand 9 volumes of
acetonitrile R and dilute to 100 mL with the same mixture of
solvents.

Plate TLC silica gelplate R.

Mobilephase methanol R, butanolR, phosphate buffersolution
pH 5.8 R, glacial acetic acidR, butyl acetate R
(5:15:24:40:80 VIVIVIVIV).

Application 10 J.1L.
Development Over a path of 12 cm.

Drying At 110 0 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 1 volume of
hydrochloric acidR1, 1 volume of water Rand 2 volumes of a
15 gIL solution of potassium permanganate R; close the tank
and allow to stand for 15 min; place the dried plate in the
tank and close the tank; leave the plate in contact with the
chlorine vapour in the tank for 15-20 min; withdraw the
plate and allow it to stand in air for 2-3 min.
Detection Spray with terramethyldiaminodiphenylmethane
reagent R.

Limit:
- triethanolamine: any spot due to triethanolamine is not

more intense than the corresponding spot in the
chromatogram obtained with the reference solution
(0.05 per cent).

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Test solution Dissolve 50.0 mg of the substance to be
examined in 10.0 mL of acetonitrile R and dilute to 20 mL
with a 1 gIL solution of phosphoric acidR.

TDIle
(min)

0-10

10 - 12

12 - 17

Mobile phase A
(per cent VIJI)

100

a
100

Mobile phase B
(per cent VIJI)

a
100

a
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____________________ PhEur

(ph. Bur. monograph 1359)

32887-03-9

, Hel

476.0

Pivmecillinam Hydrochloride

.C. co-oligomers of pivampicillin and of penicilloic acids of
pivampicillin.

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= 0.12S m ... 0 = 4 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(S urn).

Mobile phase Mix 40 volumes of acetonitrile Rand
60 volumes of a 2.22 gIL solution of phosphoric acid R
adjusted to pH 2.5 with triethylamine R.
Flow rate 1.S mUmin.
Detection Spectrophotometer at 220 run.

Injection 20 ~L.

System suitability:
- resolution: minimum 5.0 between the peaks due to

pivampicillin (1sr 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.

IMPURITIES

A. 2-[[(2R)-2-amino-2-phenylacetyl]amino]-2-[(4S)-4
[[[(2,2-dimethylpropanoyl)oxy]methoxy]carbonyl]-S,S
dimethylthiazolidin-2-yl]acetic acid (penicilloic acids of
pivampicillin)...

B. methylene (4S)-S,5-dimethyl-2-(3,6-dioxo-S
phenylpiperazin-2-yl)thiazolidine-4-carboxylate
2,2-dimethylpropanoate (diketopiperazines of
pivampicillin),

Action and use
Antibacterial.

PhEur _

DEFINITION
Methylene 2,2-dimethylpropanoate (2S,SR,6R)-6-
[[(hexahydro-1H-azepin-1-yl)methylene] amino]-3,3-dimethyl
7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2:-carboxylate
hydrochloride. ..

Semi-synthetic product derived from a fermentation product.

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, in anhydrous ethanol and 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) and not more intensely coloured than
reference solution s, (2.2.2, Method I).

Dissolve 0.5 g in water R and dilute to 10 mL with the same
solvent.
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pH (2.2.3)
2.8 to 3.8.

Dissolve 1.0 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Solvent mixture .To 45 volumes of acetonitrile R add.
55 volumes of a 13.5 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 3.0 with dilute
phosphoric acid R.

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.

Test solution (b) 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) Dissolve 20.0 mg ofpivmecillinam
hydrochlor£de CRS in-the solvent mixture and dilute to
200.0 mLwith the solvent mixture.

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 50.0 rnL with the solvent mixture.

Reference solution (c) Dissolve 5 mg of pivmecill£nam
hydrochloride CRS and 5 mg of pivmecillinam £mpurity C CRS
in the solvent mixture, and dilute to 50 mL with the solvent
mixture.

Column:
- size: 1= 0.25 m, 0 =4.0 mrn.;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobilephase Dissolve 0.55 g of tetraethylammonium hydrogen
sulfateRand 1.0 g of tetramethylammonium hydrogen sulfate R
in the solvent mixture and dilute to 1000 mL with the
solvent mixture.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 220 nm.

Injection 20 ~L of test solution (b) and reference
solutions (b) and (c).

Run time 3 times the retention time of pivmecillinam.

System suuabiliiy Reference solution (c):
- resolution: minimum 3.5 between the peaks due to

pivmecillinam (I" peak) and impurity C (2n d peak).

Limits:
- any impurity: 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-Dimethylaililine (2.4.26, Method A)
Maximum 20 ppm.

Test solution 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, then
add the trimethylpentane 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.

Pivmecillinam Hydrochloride 11-645

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).

System suitability Reference solution (a):
- repeatability: maximum relative standard deviation of

1.0 per cent after 6 injections.

Calculate the percentage content of C21H34ClN30sS from
the declared content of piomecillinam hydrochloride CRS.

STORAGE.
Protected from light, at a temperature of 2 °C to 8 "C.

IMPURITIES

A. methylene (2S,5R,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-lH-azepin-1-yl)methylene]amino]-2-[(4S)
4-[[[(2,2-dimethylpropanoyl)oxy]methoxy]carbonyl]-S,S
dimethylthiazolidin-2-yl]acetic acid (penicilloic acids of
pivmecillinam),

o 0

~
\ »<: Jl .CH3

HN 0 0' X

ON-=N I" CH3 HaC CH3
~S CH3

C. methylene 2,2-dimethylpropanoate (2RS,4S)-2-
[[[(hexahydro-1H-azepin-1-yl)methylene] amino]methyl] 
S,S-dimethylthiazolidin-4-carboxylate,

o 0

~
' /'"'-.. Jl .CH3

HN 0 0' X
H~ CH3 H3C CH3

0"v'Ni_ S CH,

0°
D. methylene 2,2-dimethylpropanoate (45)-2-[1-

(formylamino)-2-(hexahydro-1H-azepin-l-yl)-2-oxoethyl]
5,5-dimethylthiazolidin-4-carboxylate.

____________________ PhEur
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Pizotifen Malate

518-28-5

o

>o

414.4

Action and use
Inhibitor of DNA topoisomerase type II.

(Ph. Bur. monograph 2750)

PhEur _

Podophyllotoxin

of dichlorornethane and 1 volume of methanol containing (1)
2.0% w/v, (2) 0.20% w/v, (3) 0.010% w/vand (4) 
0.0050% w/v of the substance being examined and (5)
0.20% w/v of pizotifen malate BPCRS. After removal of the
plate, dry it in a current of cold air for 5 minutes, spray with
a mixture of 1 volume of potassium iodobismuthate solution and
10 volumes of 2M acetic acidand then with hydrogen peroxide
solution (10 uol), cover immediately with a glass plate and
examine in daylight. Any secondary spot in the chromatogram
obtained with solution (1) is not more intense than the spot
in the chromatogram obtained with solution (3) and not
more than one such spot is more intense than the spot in the
chromatogram obtained with solution (4). Disregard any
yellow spot or band remaining on the line of application.

Loss on drying
When dried to constant weight at 1000 to 105°, loses not
more than 0.5% of its weight. Use 1 g.

Sulfated ash
Not more than 0.2%, Appendix IX A, Method II. 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 Method I for non-aqueous titration, Appendix VIII A,
determining the end point potentiometrically. Each mL of
O.lM perchloric acid VS is equivalent to 42.95 mg of
C19H21NS,C4H60S'

STORAGE
Pizotifen Malate should be protected from light.

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] [1,3]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 soluble in acetone, soluble
in methanol.

It shows polymorphism (5.9).

5189-11-7429.5

~ H OH

, ~~ eOOH
Hooe~

Action and use
Serotonin (5Hl) receptor partial agonist; prophylaxis of
migraine.

Preparation
Pizotifen Tablets

DEFINITION
Pizotifen Malate is 9,10-dihydro-4-(1-methylpiperidin-4
ylidene )-4H-benzo [4,5]cyclohepta]1,2-b]thiophene hydrogen
malate. It contains not less than 98.5% and not more than
101.5% of C19H21NS,C4H60S,calcuiated with reference to
the dried substance.

CHARACTERISTICS
A white or slightly yellowish white, crystalline powder.

Very slightly soluble in water; slightly soluble in ethanol
(96%); sparingly soluble in methanol.

IDENTIFICATION
A. The infrared absorption 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 out 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 formic acidand 5 volumes of water as the mobile
phase. Apply separately to the plate 5 ul, 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% w/v of malic acidin
ethanol (80%). After removal of the plate, dry it at 1000 for
30 minutes, cool, spray with 0.02M potassium permanganate
and dry in a current of warm air for about 1 minute.
The chromatogram obtained with solution (1) exhibits a spot
corresponding in position, colour and size to the spot in the
chromatogram obtained with solution (2).

TESTS
Clarity and colour of solution
A 1.0% w/v solution in a mixture of equal volumes of ethanol
(96%) and wateris clear, Appendix IV A, and not more
intensely coloured than reference solution BY6, Appendix IV B,
Method II.

Related substances
Carry out the method for thin-layer chromatography,
Appendix III A, using silica gel G as the coating substance
and a mixture of 100 volumes of toluene, 60 volumes of
buian-l-ol, 40 volumes of hexane and 3 volumes of
13.5M ammonia as the mobile phase. Apply separately to the
plate 5 !1L of each of five solutions in a mixture of 9 volumes
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OH

A. (SR,SaS,SaR,9R)-9-hydroxy-5-(3,4,S-trimethoxyphenyl)
5,8,8 a,9-tetrahydrofuro[3',4':6,7]naphtho[2,3-d]
[1,3]dioxol-6(SaH)-one (picropodophyllotoxin),

B. (SR,SaR,8aR,9S)-9-hydroxy-S-(4-hydroxy-3,S
dimethoxyphenyl)-S,8,8a,9-tetrahydrofuro
[3' ,4':6,7]naphtho [2,3-d][1,3]dioxol-6(SaH)-one
(4'-demethylepipodophyllotoxin),

o

>o

o

>o

- unspecified impurities: for each impurity, maximum
0.10 per cent; .

- total: maximum 1.0 per cent;
- reporting threshold: O.OS per cent.

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.300 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 (c).

Calculate the percentage content of C22H220s taking into
account the assigned content of podophyllotoxin CRS.

STORAGE
Protected from light, at a temperature of 2 °C to SoC.

IMPURITIES
Specified impurities A~ C.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimited 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 impurities for
demonstration of compliance. See also 5.10.- Control of impurities
in substances for pharmaceutical use) B.

mp
About 184 °C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison podophyllotoxin CRS.
If 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 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 ethanolR and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to be
examined in 10.0 ml; of the mobile phase using sonication
for 30 min and dilute to 25.0 mL with the mobile phase.

Reference sol~tion (a) t-.'Dilute 1.0 mL of the test solution to
SO.O mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL~th the mobile phase.

Reference solution (b) -·Dissolve 5 mg of podophyllotoxin for
system suitabz7ity CRS (containing impurities A and C) in
S mL of the mobile phase.

Reference solution (c) Dissolve 25.0 mg of
podophyllotoxin CRS in 10.0 mL of the mobile phase using
sonication for 30 min and dilute to 2S.0 mL with the mobile
phase. \

Column:
- size: 1= 0.2S m, 0 =4.6 mrn;
- stationary phase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 J.I.I11);
- temperature: 2S DC.

Mobilephase Mix 40 volumes of a 1.0 gIL solution of
potassium dihydrogen phosphate R previously adjusted to
pH 3.5 with phosphoric acid R, and 60 volumes of
methanol R1.
Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 240 nm.

Injection - 5j.lL of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of podophyllotoxin.

Identification of impurities Use the chromatogram supplied
with podophyllotoxin for systemsuitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and C.

Relativeretention With reference to podophyllotoxin
(retention time = about S 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

podophyllotoxin and impurity C.

Calculation ofpercentage 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;
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C. (SaR,SaR,9R)-9-(3,4,S-trimethoxyphenyl)-Sa,6,Sa,9
tetrahydrofuro[3',4':6,7]naphtho[2,3-dJ [1,3]dioxol-5,8
dione (podophyllotoxone).

_____________________ PhEur

Pollens for Allergen Products
(ph. Bur. monograph 2627)
PhEur _

DEFINITION
Pollens for allergen products come primarily from
anemophilous plants and secondarily from a 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
(GACP). The collection, handling and further processing of
the pollen are such that a consistent composition of the
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 drogs and herbal drugpreparations and
2.4.24. Identification 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 and/or 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

2020

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 availabilityof
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
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
(EUSA).

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 allergen 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 documents.

Additional tests may be performed as complementary
identification determination.
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TESTS·
Foreign pollen
The content of pollen from other species is limited to
1 per cent of total mixed pollens and 0.5 per cent of any

. individual pollen as determined by a microscopic particle
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 justifiedsby stability data.

LABELLING
The label states tHe species of the pollen.
_______.,....- PhEur

Poloxamers
(ph. Bur. monograph 1464)

Action and use
Non-ionic surfactant.

PhEur _

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

188 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 - 47 81.4 - 84.9 12700-17400

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;
- poloxamers 188) 237) 338) 407: white or almost white,

waxy powder, microbeads or flakes.

Poloxamers 11-649

Solubility
- poloxamers 124) 237, 338) 407: very soluble in water and

in ethanol (96 per cent), practically insoluble in light
petroleum (bp: 50-70°C);

- poloxamer 188: soluble in water and in ethanol
(96 per cent).

mp
About 50°C for poloxamers 188, 237, 338 and 407.

IDENTIFICATION
First identification: A) B.

Secondidentification: B) C.

A. Infrared absorption spectrophotometry (2.2.24).

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 tuater R and dilute to
100 mL with the same solvent.

Appearance of solution
Solution S is not more intensely coloured than reference
solution BY7 (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).

Ethylene oxide stock solution Introduce 0.5 mL of ethylene
oxidestock solution R2 into a vial and dilute to 50.0 mL with
dimethylsulfoxide R1. Mix carefully.

Ethylene oxide solution Dilute 1.0 mL of the ethylene oxide
stock solution to 250 mL with dimethyl sulfoxide R1.

Propylene oxide stock solution Introduce about 7 mL of
methylene chloride R into a volumetric flask, add 0.500 g (m)
of propylene oxide R and dilute to 10.0 mL with methylene
chloride R. Dilute 0.5 mL ofthis solution to 50.0 mL with
dimethylsulfoxide R1. Mix carefully. Calculate the exact
concentration of propylene oxide, in milligrams per millilitre,
using the following expression:

mx 1000 x 0.5

10x50

Propylene oxide solution Dilute 1.0 mL of the propylene
oxide stock solution to 50.0 mL with dimethyl sulfoxide R1.

Calculate the exact concentration of propylene oxide, in
micrograms per millilitre, using the following expression:

Cx 1000 xl

50

C concentration of the propylene oxide stock solution, in
milligrams per millilitre.

Dioxan solution Introduce 0.100 g (m) of dioxan R into a
flask and dilute to 50.0 mL with dimethyl sulfoxide R1. Dilute
2.50 mL of this solution to 100.0 mL with dimethyl
sulfoxide R1.

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
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Mixture solution Dilute a mixture of 6.0 rnL of the ethylene
oxide solution, 6.0 mL of the propylene oxide solution and
2.5 mL of the dioxan solution to 25.0 m.Lwith dimethyl
sulfoxide Rt.
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 m.L 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: poly(dimethyl) (diphenYl)siloxane R (film

thickness 5 urn).

Carrier gas helium for chromatography R.
Flow rate 1.4 mlJmin.

Static head-space conditions:
- equilibrium temperature: 110°C;
- equilibration time: 30 min;
- transfer-line temperature: 140°C;
- pressurisation time: 1 min;
- injection time: 0.05 min.

Temperature:

Detection Flame ionisation.

Injection Inject a suitable volume of the gaseous phase, for
example 1 rnL.

Relativeretention With reference to 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 (1 ppm);

~ propylene oxide: not more than 0.5 times the 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 rnL 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 1 h,
allow to cool and add 2 quantities, each of 10 mL, of
pyridine R, through the condenser. Add 10 m.Lof waterR,
mix and allow to stand for 10 min. Add 40.0 rnL 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 s and
record the volume of sodium hydroxide used (S). Prepare a
blank. Record the volume of sodium hydroxide used (B).

Column

Injection port

Detector

Time (min)

0-10

10 - 27

Temperature CC)

70
70 -+ 240

250

250

Calculate the average relative molecular mass using the
following expression:

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 (A1) and the average area
of the composite band from 3.2 ppm to 3.8 ppm due to
CHzO groups of both the oxyethylene and
oxypropylene units and the CHO groups of the
oxypropylene units (Az) 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

Az
where a = - - 1

Al

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.000 g.

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 poloxamer.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevant control parameters for oneormore
functions of the substance whenusedas an excipient (see chapter
5.15). Some of the characteristics described intheFunctionality
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 manufacturing process and theperformance of the medicinal
product duringuse. Where control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
also beused. Wherever results for a particular characteristic are
reported, the control method must be indicated.
Thefollowing characteristic may be relevant for poloxamers used
as dispersing agents or vehicles (type 124).

Viscosity (2.2.9)
About 400 mPa-s, determined at 25°C, for the undiluted
poloxamer.

Thefollowing characteristics may be relevant for poloxamers used
as solubilising agents (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 rnL of waterR.

Oxypropylene:oxyethylene ratio
(see Tests).

Thefollowing characteristics may be relevant for poloxamers used
as solubilising agents (type 407).
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Viscosity (2.2.9)
Typically less than 75 ml'a-s, determined at 5°C.

Dissolve 25.0 gin 100.0 mL of waterR.

Oxypropy1ene:oxyethylene ratio
(see Tests).

The following characteristics may be relevant for poloxamers used
as wettingagents (types 188 and 407).

Particle-size distribution (2.9.31)

Oxypropylene:oxyethylene ratio
(see Tests).

The following characteristic may be relevant for poloxamers used
. as viscosity-increasing agentsor suspending agents (types 338 and

407).

Gel formation
Dissolve 25.0 gin 100 mL of cold waterR (5-8 DC) and stir
overnight in a refrigerator until dissolution is complete.
The viscous solution obtained forms a thennoreversible gel
after heating to 37°C and does not flow in a capillary tube
(2.2~9) or flows only very slowly (flow time greater than
l Omin).
____________________ PhEur

Polyacrylate Dispersion
(30 per cent)
(Ph. Eur. monograph 0733)

Action and use
Excipient.

PhEur _

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 polyacrylate.

B. To 1 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 1 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°C 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

Polyacrylate Dispersion 11-651

fumes that evolvein a 2nd test-tube held over the mouth of
the 1st tube. The condensate gives the reaction of esters
(2.3.1).

TESTS
Relative density (2.2.5)
1.037 to 1.047.

Viscosity (2.2.10)
Maximum 50 ml'a-s, determined using a rotating viscometer
at 20°C and a shear rate of 10 s-l.

Appearance of a film
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
with waterR until a clear filtrate is obtained and dry at 80°C
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 tetrahydrofuran 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
supernatant. Dilute 5.0 mL of this solution to 10.0 mL with
waterR.

Reference solution Dissolve 10 mg of ethylacrylate Rand
10 mg of methylmethacrylate 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 tetrahydrcfuran 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: l =0.12 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5-10 urn).

Mobile phase acetonitrile Rl, water for chromatography R
(15:85 VIV).

Flow rate 2 mUmin.
Detection Spectrophotometer at 205 nm.

Injection About 50 J.LL.
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 103 CFU/g (2.6.12).

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

ASSAY
Dry 1.000 g at 110°C for 3 h and weigh the residue.

STORAGE
At a temperature of 5 °C to 25°C, protected from freezing.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant 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 Functionality
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory qual£ty
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functionality-related
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11-652 Polymyxin B Sulfate

characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. 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 characteristic are
reported; the control methodmust be indicated.
The following characteristics may berelevant for polyacrylate
dispersion 30 per cent usedasfilm former or matrixformer 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 .AI phosphate buffer solution pH 7.5 R with
stirring. It also does not dissolve within 2 h.
_____________________ PhEur

Polymyxin B Sulfate
Polymyxin B Sulphate

(Ph. Eur. monograph 0203)

o

t:;-DAB- L-Thr-L~DAB-L-DAB-L-DAB-D-Phe-XJ

lL-Thr -L-DAB -L-DAB

" R • X H2S04

~ R' DAB=2,4-diaminobutanoic acid

Polymyxin R R' X Molecular formula Mr

B1 CH3 CH3 L-Leu C56H9SN16013 1203

B2 H CH3 L-Leu C55~6N16013 1189

B3 CH3 H L-Leu C55H96N16013 1189

B1-1 CH3 CH3 L-De C56H9SN16013 1203

Action and use
Antibacterial.

Preparation
Polymyxin and Bacitracin Ointment

PhEur --------------

DEFINITION
Mixture of the sulfates of polypeptides produced by the
growth of certain strains of Paenibacillus polymyxa, the main
component being polymyxin B1.

Potency
Minimum 6500 IU/mg (dried substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

2020

IDENTIFICATION
First identification: B~ 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 1 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-bath and continue the
heating until the hydrochloric acid has evaporated. Dissolve
the residue in 0.5 rnL of waterR.
Reference solution (a) Dissolve 20 mg of leucine R in water R
and dilute to 10 rnL with the same solvent.

Reference solution (b) Dissolve 20 mg of threonine R in
water R and dilute to 10 mL with the same solvent.

Reference solution (c) Dissolve 20 mg of phenylalanine R in
water R and dilute to 10 mL with the same solvent.

Reference solution (d) Dissolve 20 mg of serine R in waterR
and dilute to 10 mL with the same solvent.

Plate .TLC silica gel G plateR.

Carry out thefollowing procedures protected from light.
Mobile phase waterR, phenol R (25:75 VIV).
Application 5 J.LL as bands of 10 rom, then place the plate in
the chromatographic tank so that it is not in contact with the
mobile phase, and allow it to become impregnated with the
vapour of the mobile phase for at least 12 h.

Development Over 2/3 of the plate using the same mobile
phase.

Drying At 100-105 DC.

Detection Spray with ninhydrin solution R1 and heat at
110°C for 5 min.

Results The chromatogram obtained with the test solution
shows zones corresponding to those in the chromatograms
obtained with reference solutions (a), (b) and (c), but shows
no zone corresponding to that in the chromatogram obtained
with reference solution (d); the chromatogram obtained with
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 Bl, B2, B3 and BI-I
in the chromatogram obtained with the test solution are
similar in retention time to the corresponding peaks in 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
peniahydrate R, shaking after each addition. A reddish-violet
colour develops.

D. It 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 water R and dilute to
10 mL with the same solvent.

Composition
Liquid chromatography (2.2.29): use the normalisation
procedure.

Solvent mixture acetonitrile R, 'water R (20:80 VIV).
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.
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____________________ PhEur

PhEur _

Sulfated ash (2.4.14)
Maximum 0.75 per cent, determined on 1.0 g.

Pyrogens (2.6.8)
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 rnL of a solution
in waterfor injections R containing 1.5 mg of the substance to
be examined per millilitre.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).

STORAGE
In an airtight container" protected from light. If the. substance
is sterile, the container is also sterile and tamper-proof.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

DEFINITION
Mixture of ethers of polyoxypropylene with linear alcohols,
mainly stearyl alcohol, obtained by the reaction of stearyl
alcohol with propylene oxide. It may contain some free
polyoxypropylene and various amounts of free stearyl alcohol.
The number of 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, clear or 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 in glycerol.

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 stearyl etherCRS.

B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Viscosity (2.2.9): 83 mf'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.

**** ***
*****(ph. Bur. monograph 2602)

Polyoxypropylene Stearyl Ether

Reference solution (a) Dissolve the contents of a vial of
polymyxin B sulfate CRS in the solvent mixture and dilute to
50 mL with the solvent mixture.

Reference solution (b) Dilute 1 rnL of reference solution (a)
to 100 mL with the solvent mixture.

Column:
- size: l = 0.25 m, 0 = 4.6 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 um);
- temperature: 30°C.

Mobile phase Mix 20 volumes of acetonitrile Rl and
80 volumes of a solution prepared 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
acid R and dilute to 1000 mL with water for
chromatography R.
Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 215 nm.

Injection 20 IlL,~'

Run/time 1.4 times the retention time of polymyxin B1.

Identification of peaks Use the chromatogram supplied with
polymyxinB sulfate CRS and the chromatogram obtained with
reference solution (a) to identify the peaks due to
polymyxins B1,B2, B3 and B1-I.

Relative retention With reference to polymyxin B 1 (retention
time = about 35 min): polymyxin B2 = about 0.5;
polymyxin B3 = about 0.6; polymyxin B1-I = about 0.8.

System suitabz1ity:
- resolution: minimum 3.0 between the peaks due to

polymyxin B2 and polymyxin B3 in the chromatogram
obtained with reference solution (a);

- signal-to-noise ratio: minimum 20 for the peak due to
polymyxin B1 in the chromatogram obtained with
reference solution (b).

Limits:
- polymyxinBl-I: maximum 15.0 per cent;
- polymyxinB3: 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 gin 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 rnL of ethanol (96 per cent) 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 M barium chloride is equivalent to 9.606 mg
ofS04•

Loss on drying (2.2.32)
Maximum 6.0 per cent, determined on 1.000 g by drying at
60 "C by drying in vacuo at 60 "C at a pressure not
exceeding 0,7 kPa for 3 h.
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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 ofpeaks Use the chromatogram obtained with
the reference solution to identify the peaks due to propylene
oxide and propionaldehyde.

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 Weigh 45 g of cold macrogol
200 Rl and add 1.000 g (m) of propylene oxide R.
Mix carefully by swirling to ensure a homogeneous solution.
Add more macrogol200 R1 until the total weight is 50.0 g
and mix again. [NOTE: the solution is stable for 1 month if
stored at -20°C]. Allow to reach room temperature. Dilute
0.50 g of this solution to 100.0 mL with water R.
Propylene oxide standard solution Dilute 10.0 mL of
propylene oxide stock solution to 100.0 mL with waterR.
Propionaldehyde stock solution Weigh 0.1 g of
propionaldehyde R into a volumetric flask and dilute to
100.0 mL with waterR.
Test solution (a) Weigh 1.00 g of the substance to be
examined into a 20mL head-space vial. Add 0.5 mL of cold
water R and seal the vial immediately with a
polytetrafluoroethylene-coated silicon membrane and an
aluminium cap. Mix carefully.

Testsolution (b) Weigh 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 polytetrafluoroethylene-coated silicon
membrane and an aluminium cap. Mix carefully.

Reference solution Introduce 50.0 rnl, 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 waterR. 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: poly(dimethyl)siloxane R (film thickness

5 1Jl11).

Carrier gas helium for chromatography R.
Flow rate 2.6 mlJmin.

Split ratio 10:1.

Static head-space conditions that may be used:
- equilibration temperature: 90°C;
- equilibration time: 45 min.

Temperature:

Column

Injection port

Detector

Time
(min)

0-5

5 31

31 32.7

32.7 ... 37.7

Temperature
('C)

50

50 -> 180

180 -> 230

230

150

250

Relative retention With reference to propylene oxide
(retention time =about 10.4 min):
propionaldehyde = about 0.96.

System suitabz7ity 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:

Al area of the peak due to propylene oxide in the chromatogram
obtained with test solution (a);

A2 area of the peak due to propylene oxide in the chromatogram
obtained with test solution (b);

M I mass of the substance to be examined in test solution (a), in
grams;

M 2 mass of the substance to be examined in test solution (b), in
grams;

m mass of propylene oxide used to prepare the propylene oxide stock
solution, in grams.

Limit:
- propylene oxide: maximum 5 ppm.

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 ... ".

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of propylene oxide
reacted per mole of stearyl alcohol (nominal value).

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for one ormore
functions of the substance whenusedas 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 also represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is included in theFunctionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. Where control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
also beused. Wherever results for a particular characteristic are
reported, the control method must be indicated.
Thefollowing characteristic may be relevant forpolyoxypropylene
stearyl ether usedas solvent oremollient in preparations for
cutaneous application.

Viscosity
(see Identification).
_____________________ PhEur
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Polysorbate 20 M molarity of the sodium thiosulfate solution, in moles per litre;
m mass of the substance to be examined, in grams.

_____________________ PhEur

PhEur _

Polysorbate 40

Action and use
Non-ionic surfactants.

80 -+ 220

220

250

250

Temperature
("C)

Time
(min)

0-14

14 - 54

Column

Injection port

Detector

Detection Flame ionisation.

Injection 1~.

Composition of thefatty-acid fraction of the substance:
- caproic acid: maximum 1.0 per cent;
- caprylic acid: maximum 10.0 per cent;
- capric acid: maximum 10.0 per cent;
- lauric 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, MethodA)
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.

Polyoxyethylene 20 Sorbitan Monopalmitate

(Ph. Bur. monograph 1914)

Saponification value (2.5.6)
40 to 50, determined on 4.0 g.

Use 15.0 mL of 0.5 M alcoholic potassium hydroxide and
dilute with 50 mL of ethanol (96 per cent) 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, (2) = 0.32 mrn;
- stationary phase: macrogol20 000 R (film

thickness 0.5 J.l.lI1).

Carrier gas helium for chromatography R.
Linearvelocity 50 crn/s.

Temperature:

Polyoxyethylene 20 Sorbitan Monolaurate

(Ph. Bur. monograph 0426)

PhEur _

Action and use
Non-ionic surfactants.

DEFINITION
Mixture of partial esters of fatty acids, mainly lauric
(dodecanoic) acid, with sorbitol and its anhydrides
ethoxylated 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
Solublein 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 mf'a-s at 25°C.

IDENTIFICATION
First identification: A, D.
Secondidentification: B, C, D, B.
A. Infrared absorption spectrophotometry (2.2.24).
Comparison Ph. Bur. reference spectrum of polysorbate 20.

B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

E. Dissolve 0.1 ginS 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, MethodA)
96 to 108.

Peroxide value
Maximum 10.0.

Introduce 10.0 g into a 100 mL beaker and dissolve with
20 mL of glacial 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 waterR and a magnetic
stirring bar. Titrate with 0.01 M sodium thiosulfate,
determining 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:

(nl - nz) xM x 1000

m

volume of 0.01 M sodiumthiosulfate required for the substance
to be examined, in millilitres;
volume of O. aIM sodiumthiosulfate required for the blank
titration, in millilitres;

DEFINTI10N
Mixture of partial esters of fatty acids, mainly Palmitic
acid (1904), with sorbitol and its anhydrides ethoxylated with
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PhEur _

____________________ PhEur

Action and use
Non-ionic surfactants,

80 -+ 220
220

250

250

Temperature
CC)

Time
(min)

0-14
14 - 54

Injection port

Detector

- size: l = 30 m, 0 = 0.32 mID;
- stationary phase: macrogol 20 000 R (film

thickness 0.5 urn).

Carrier gas helium for chromatography R.

Linearvelocity 50 cm/s.

Temperature:

Column

Polysorbate 60
Polyoxyethylene 20 Sorbitan Monostearate

(ph. Bur. monograph 0427)

DEFINITION
Mixture of partial esters of fatty acids, mainly Stearic
acid50 (1474), with sorbitol and its anhydrides ethoxylated
with approximately 20 moles of ethylene oxide for each mole
of sorbitol and sorbitol anhydrides.

CHARACTERS
Appearance
Yellowish-brown gelatinous mass which becomes 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 ml'a-s at 30 "C.

IDENTIFICATION
First identification: A, D.
Second identification: B, C, D, B.
A. Infrared absorption spectrophotometry (2.2.24).

Detection Flame ionisation.

Injection 1 ~L.

Composition of thefatty-acid fraction of the substance:
- palmitic acid: minimum 92.0 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.

(nl - nz) x M x 1000

m

nl volume of 0.01 M SIX&m thiosulfate required for the substance
to be examined, in.miDilitres;

n2 volume of 0.01 M SQdirlm thiosulfate required for the blank
titration, in millilitr.esi

M molarity of the sodium. thiosulfate solution, in moles per litre;
111 mass of the substance to be examined, in grams.

Saponification value (2.5.6)
41 to 52, determined on 4.0 g.

Use 15.0 mL of 0.5 M alcoholic potassium hydroxide and
dilute with 50 mL of ethamJI (96 per cent) R before carrying
out the titration. Heat under reflux for 60 min.

Composition of fatty adds (2.4.22~ Method C)
Prepare reference solution (a) as indicated in
Table 2.4.22.-1.

Column:
- material: fused silica;

approximately 20 moles of ethylene oxide for each mole of
sorbitol and sorbitol anhydrides.

CHARACTERS
Appearance
Oily, viscous, yellowish or brownish-yellow liquid.

Solubility
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 mf'a-s at 30 <:le.
IDENTIFICATION
First identification: A, D.
Second identification: B, C:!' D., E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. refe:rrmce spectrum of 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-m.L ofmeth;ylene 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 prescnbed solvent mixture.

Hydroxyl value (2.5.3, MethndA)
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 acidR. Add 1 mL of saturated
potassium iodide solution R, mix and allow to stand for 1 min.
Add 50 mL of carbondw~ 'Water R and a magnetic
stirring bar. Titrate with O.OJ M sodium thiosulfate,
determining 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:
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m

Detection Flame ionisation.

Injection 1 ilL.
Composition of thefatty-acid fraction of the substance:
- stearic acid: 40.0 per cent to 60.0 per cent;

nJ volume of 0.01 M sodium thiosulfate required for the substance
to be examined, in millilitres;

n2 volume of 0.01 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.

Action and use
Non-ionic surfactant.

PhEur _

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.

tCHARACTERS
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 paraffin.

Relative density
About 1.10.

Viscosity
About 400 mf'a-s at 25 °c.t

IDENTIFICATION
First identification: tAt, D.

OSecond identification: B, C, D, B.O
tA. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum ofpolysorbate 80.•

OB. Hydroxyl value (see Tests).

C. Saponification value (see Tests).O

D. Composition of fatty acids (see Tests).

OE.Dissolve 0.1 gin 5 mL of methylene chloride R. Add 0.1 g
of cobalt nitrate Rand 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 gin 50 mL of the prescribed mixture of
solvents.

1 This monograph has unde:rgone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

Polyoxyethylene 20 Sorbitan Mono-oleate

(ph. Bur. monograph 0428)

Polysorbate 801

- sum of the contents of palmiticand 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.
_____________________ PhEur

80 -> 220

220

250

250

Temperature
CC)

Time
(min)

0-14

14 - 54

Injection port

Detector

Column

Saponification value (2.5.6)
45 to 55, determined on 4.0 g.

Use 15.0 mL of 0.5 M alcoholic potassium hydroxide and
dilute with 50 mL of ethanol (96 per cent) 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.-1.

Column:
- material: fused silica;
- size: l =30 m, 0 =0.32 rom;
- stationary phase: macrogol 20 000 R (film thickness

0.5 11m).
Carrier gas helium for chromatography R.

Linear velocity 50 cm/s.

Temperature:

Comparison Ph. Bur. reference spectrum of polysorbate 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 value (2.5.1)
Maximum 2.0.

Dissolve 5.0 g in 50 mL of the prescribed solvent mixture.

Hydroxyl value (2.5.3, Method A)
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 1 mL of saturated
potassiumiodide 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 (2.2.20). 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:
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(nl - n2)xMx 1000
m

nl volume of 0.01 M sodium thiosulfate requited fur the substance
to be examined, in millilitres;

n2 volume of 0.01 M sodium thiosulfare 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.

Hydroxyl value (2.5.3, MethodA)
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 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 waterR and a magnetic
stirring bar. Titrate with 0.01 M sodium thiosulfate,
determining the end-point potentiometrically (2.2.20). Carry
out a blank titration.

Determine the peroxide value using the following expression:

Saponification value (2.5.6)
45 to 55, 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, Method G)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 mID;
- stationary phase: macrogol 20 000 R (film thickness

0.5 urn).

Carrier gas helium for chromatography R.
Linear velocity 50 cm/s.

Temperature:

caps at -20 "C], Allow to reach room temperature. Dilute
1.0 mL of this solution to 250.0 mL with waterR.
Dioxan stock solution Dilute 1.0 mL of dioxan R to
200.0 mL with water R. Dilute 1.0 mL ofthis solution to
100.0 mL with water R.
Acetaldehyde stock solution Weigh about 0.100 g of
acetaldehyde R into a 100 mL volumetric flask and dilute to
100.0 mL with water R. Dilute 1.0 mL of this solution to
100.0 mL with water R.
Standardsolution To 6.0 mL of ethylene oxide stock
solution add 2.5 ml, of dioxan stock solution and dilute to
25.0 mL with 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
waterR, seal the vial immediately with a
polytetrafluoroethylene-coated silicon membrane and an
aluminum cap. Mix carefully.

Test solution (b) Weigh 1.00 g of the substance to be
examined into a 10 mL head-space vial. Add 2.0 mL of
standard solution, seal the 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
polytetrafiuoroethylene-coated silicon membrane and an
aluminum cap. Mix carefully.

Column:
- material: fused silica;
- size: 1= 50 m, (2) = 0.53 mID;
- stationary phase: poly(dimethyl) (dz'phenyl)siloxane R (5 um),

Carrier gas helium for chromatography R.
Flow rate 4.0 mUmin.

Split ratio 1:3.5.

Static head-space conditions that may be used:
- equihbration temperature: 80 "C;
- equilibration time: 30 min.

Temperature:Temperature
CC)

Time
(min)

Detection Flame ionisation.

Injection 1~.

Composition of thefatty-acidfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- palmitic acid: maximum 16.0 per cent;
- palmitoleic acid: maximum 8.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: minimum 58.0 per cent;
- linoleic acid: maximum 18.0 per cent;
-linolenic acid: maximum 4.0 per cent.

Ethylene oxide and dioxan
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Head-space gas chromatography (2.2.28).

Ethylene oxide stock solution Dilute 0.5 mL of a commercially
available solution of ethylene oxide in methylene chloride
(50 mg/mL) to 50.0 mL with waterR. [NOTE: the solution
is stable for 3 months, if stored in vials with
polytetrafluoroethylene-coated silicone membrane crimped

Detection Flame ionisation.

Injection 1.0 mL of test solutions (a) and (b) and of the
reference solution.

Relative retention 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.

Column

Injection port

Detector

0-14
14 - 54

80 ..... 220
220

250

250

Column

Injection port

Detector

Time
(min)

0-18

18 - 23

Temperature
eC)

70 .... 250
250

85

250

www.webofpharma.com



2020

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 miIliIitre;

Aa peak area of ethylene oxide in the chromatogram obtained with
test solution (a);

Ab peak area of ethylene oxide in the chromatogram obtained with
test solution (b).

Calculate the content of dioxan in ppm using the following
expression:

2 x 1.03 X CDxAa'

A A
x 1000

1/ - a'

CD concentration of added dioxan in test solution (b), in microlitres
per miIIilitre;

1.03 density of-dioxan, in grams per milliIitre;
Aa , peak area';9f dioxan in the chromatogram obtained with test

solution (a);
Ab , peak areaof dioxan in the chromatogram obtained with test

solution (b).

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.
_____________________ PhEur

Poly{vinyl acetate)
(Ph. Bur. monograph 1962)

PhEur _

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-propanoI. The vast
majority of the acetate moieties are attached to non
neighbouring carbon atoms of the chain.

The index n is about 100-17000. The relative molecular
mass lies between 10 000 and 1500 000. The viscosity is
4 mf'a-s to 250 ml'a-s, The ester value, which characterises
the degree of hydrolysis, is 615 to 675.

CHARACTERS
Appearance
White or almost white powder or colourless granules or
beads.

Solubility
Practically insoluble in water, freely soluble in ethyl acetate,
soluble in ethanol (96 per cent). It is hygroscopic and swells
in water.

It softens at temperatures above 40-50 °C.

Poly(vinyl acetate) 11-659

IDENflFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation .Discs prepared as follows: dissolve about
200 mg in 5 mL of acetone R, place 100 ul, on a potassium
bromide R disc and dry to evaporate the solvent. Alternatively,
the spectrum may be recorded directly by attenuated total
reflectance (ATR).

Comparison poly(vinyl acetate) CRS.

B. Viscosity (see Tests).

C. Saponify (2.5.6) 0.500 g in a mixture of25.0 mL of
0.5 M alcoholic potassium hydroxide and 25.0 mL of
waterR. 0.15 mL ofthe solution obtained gives reaction (b)
of acetates (2.3.1).

TESTS
Solution S
Suspend 50.0 g in 100 mL of ethyl acetate R in a borosilicate
glass flask with a ground-glass neck. Heat under a reflux
condenser with constant stirring for 30 min. Allow to cool.
Filter through a sintered-glass filter (16) (2.1.2), wash the
residue with 50.0 mL of ethyl acetate R and pour the filtrate
into a 250 mL graduated flask. Dilute to 250 mL with ethyl
acetate R.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2) Method 1).

Viscosity (2.2.49) Method A)
85 per cent to 115 per cent of the value stated on the label.

Determine the viscosity immediately after preparation of
solution S at 20 ± 0.1 °C by using a falling ball viscometer.

Acid value (2.5.1)
Maximum Z.O, determined on 5.0 g dissolved in 50 mL of
ethanol (96 per cent) 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 waterR.

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 ethyl acetate R and heat under a reflux
condenser with constant agitation. Allow to cool. Replace the
air in the container with oxygen-free nitrogen Rand add a
solution of 1 mL of glacial acetic acid Rand 0.5 g of sodium
iodide R in 40 mL of waterR. Shake thoroughly and allow to
stand protected from light for 20 min. Titrate with 0.005 M
sodium thiosulfate until the yellow colour is 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).

Testsolution (a) Place 0.2000 g of the substance to be
examined in a 20 mL vial and add 1.00 mL of
dimethylformamide R. Close the vial and secure the stopper.
Shake, avoiding contact between the stopper and the liquid.

Testsolution (b) Place 0.2000 g of the substance to be
examined in a 20 mL vial and add 1.00 mL of the reference
solution. Close the vial and secure the stopper. Shake,
avoiding contact between the stopper and the liquid.

Reference solution Place 15 mL of dimethylformamide R in a
20 mL vial, add 45 ul, of vinyl acetate Rand 50.0 ul, of
butanol R and dilute to volume-with dimethylformamide R.
Dilute 1 mL of the solution to 10 mL with
dimethylformamide R.
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Column:
- material: fused silica;
- size: l = 25 m, 0 = 0.32 mm;
- stationaryphase: poly(dimethyl)(diphenyl) (divinyl)siloxane R

(film thickness 0.32 1IDl).

Carrier gas nitrogen for chromatography R.

Flow rate 20 mllmin.

Static head-space conditions that may be used:
- equilibration temperature: 60°C;
- equz1ibration time: 20 min;
- transfer-line temperature: 120°C;
- carrier gas: nitrogen for chromatography R.
Temperature:
- column: 155°C;
- irifection port: 120°C;
- detector: 180 "C.
Detection Flame ionisation.

Injection 1.6 mL of the gaseous phase of test solutions (a)
and (b).

System suitability Test solution (b):
- resolution: minimum 2.0 between the peaks due to vinyl

acetate and butanal;
- signal-to-noise ratio: minimum 5 for the peak due to vinyl

acetate.

Calculate the percentage content of vinyl acetate using the
following expression:

VXSI xO.931

(m1Sz - mZSl) x 2000

81 area (or height) of the peak due to vinyl acetate in the
chromatogram obtained with test solution (a);

8z area (or height) of the peak due to vinyl acetate in the
chromatogram obtained with test solution (b);

ml mass of the substance to be examined used to prepare test
solution (a), in grams;

mz mass of the substance to be examined used to prepare test
solution (b), in grams;

0.931 density of vinyl acetate, in grams per millilitre;
V volume of vinyl acetate used to 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)
Maximum 0.1 per cent, determined on 1.0 g.

STORAGE
In an airtight container.

LABELLING
The labelstates:
- the nominal relative molecular mass;
- the viscosity.

FUNCTIONALITY-RElATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevantcontrol parameters for one or more
functions of the substance when used as 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 quality
criteria. In such cases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinalproduct by improvingthe consistency

2020

of the manufacturingprocess and the petformanceof the medicinal
productduring use. Where control methods are cued, theyare
recognised as beingsuitable for the purpose, but athermethods can
also be used. W1zerever results for a particular characteristic are
reported, the control method must be indicated.

The following characteristics may be relevantfor poly(vinyl
acetate) used as matrix fanner in prolonged-release dosage forms or
film former.

Viscosity
(see Tests).

Solubility of a film
Place 3 mL of solution S ona glass plate and dry. Place the
film obtained in 50 mL of phosphate buffer solution
pH 6.8 R whilst stirring continuously. The film does not
dissolve within 30 min.
_____________________ PhEur

Poly(vinyl acetate) Dispersion
30 per cent
(Ph. Bur. monograph 2152)

PhEur _

DEFINITION
Dispersion in water of poly(vinyl acetate) having a mean
relative molecular mass of about 450000. 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(vinyl acetate).

CHARACTERS
Appearance
Opaque, white or almost white, slightly 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).

Preparation Dry 1 mL in vacuo,dissolve the residue in
acetone R, and spread 1 drop of the solution between
2 sodium chloride R plates; remove 1 plate and allow the
solvent to evaporate.

Comparison Repeat the operation using poly(vinyl acetate)
dispersion 30 per cent CRS. .

B. Place 3 mL on a glass plate and allow 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).

Test solution Introduce 0.250 g into a 10 mL volumetric
flask and add about 1 mL of methanol R2. Sonicate.
Add about 8 mL of waterfor chromatography R. Sonicate and
dilute to 10.0 mL with waterfor chromatography R. Centrifuge
for about 10 min and filter.
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N percentage content of nitrogen.

N
0.126

Acetic acid
Liquid chromatography (2.2.29).

Test solution Mix 0.200 g with waterfor chromatography R.
Sonicate for about 10 min and dilute to 10.0 rnL with water
for chromatography R.

Reference solution Dissolve 30.0 mg of acetic acid Rand
30 mg of citricacid monohydrate R 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 rnm;
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography with embedded polar groups R (5 urn),

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 205 nm.

Injection 10!1L.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to vinyl

acetate and 1-vinylpyrrolidin-2-one.

Limit:
- vinyl acetate: 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:

Is x 0.1534

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section providesinformation on characteristics that are
recognised as beingrelevantcontrol parameters for one or more
junctions ofthe substance when used as 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 also represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is includedin the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qualiryofa medicinalproductby improvingthe consistency
of the manufacturingprocess and the performance of the medicinal
productduring use. Ul'here control methods are cited, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used. W'herever_restdts for a particular characteristic are
reported, the control method must be indicated.

The followingcharacteristics may be relevant for poly(vinyl
acetate) dispersion 30 per cent used in the manufactureof
modified-release dosage forms and to mask taste.

Is saponification value.

STORAGE
At a temperature of 5 °C to 30°C. Handle the substance so
as to minimise microbial contamination.

lHobile phase O. 005 .LV! sulfuric acid.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 205 nm.

Injection 20 pI.; after each injection, rinse the column with a
mixture of equal volumes of acetonitrile for chromatography R
and 0.005 M sulfuric 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.

Limit:
- aceticacid: not more than the area of the 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, 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
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 103 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:

o
0->20

20 -> 100

100 -> 0

Mobile phase B
(per cent V/J/)

100

100 -> 80

80 -> 0

o -> 100

Mobile phase A
(per cent V/J/)

Time
(min)

0-2

2 - 26

26 - 27

27 - 30

Reference solution (a) Dissolve 5.0 mg of vinyl acetate CRS
in methanol R2 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 R and 5 mg
of 1-vinylpyrrolidin-2-one R, add 10 mL of methanolR2 and
sonicate. Dilute to 50 mL with mobile phase A. Dilute 1 mL
of this solution to 20 rnL with mobile phase A.

A pre column containing octadecylsilyl silica gelfor
chromatography R (5 /lID) may be used if a matrix effect is
observed.

Column:
- size: 1= 0.25 m, 0 = 4.0 rnm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography with embedded polar groups R (5 11m);
- temperature: 30°C.

Mobile phase:
- .mobz7e phase A: .. acetonitrile for chromatography R,

-methanolR2, waterfor chromatography R (5:5:90 V/VlV);
-:mobile phase B:methanol R2, acetonitrile for

chromatography R, waterfor chromatography R
_(5:45:50 V/V/V);

www.webofpharma.com



11-662 Poly(vinyl alcohol)

Solubility of a film
Place the film obtained in identification test B in 50 mL of
phosphate buffer solution pH 6.8 R whilst stirring
continuously. The film does not dissolve within 30 min.
Apparent viscosity (2.2.10)
Maximum 100 mf'a-s, determined using a rotating
viscometer at 20°C and a shear rate of 100 S-I.

_____________________ PhEur

Poly(vinyl alcohol)
(Ph. Bur. monograph 1961)

PhEur _

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.

Poly(vinyl alcohol) polymers comply with the following
indices:

The mean relative molecular mass lies between 20 000 and
150 000. The viscosity is 3 ml'a-s to 70 mf'a-s. The ester
value, which characterises 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 of poly(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.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison poly(vinylalcohol) CRS.
The intensities of the absorption bands at about 1720 em"!
and 1260 cm" are inversely proportional to the degree of
hydrolysis.

B. Viscosity (see Tests).

TESTS
Solution S
Heat on a water-bath 250 m.Lof 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.

2020

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, MethodII).

pH (2.2.3)
4.5 to 6.5 for solution S.

Viscosity (2.2.49, MethodA)
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.

Acid value
Maximum 3.0.

Add 1 mL of phenolphthalein solution R to 50 mL of
solution S and titrate with 0.05 M potassium hydroxide until
the pink colour persists for 15 s. Calculate the acid value
using the following expression:

2.805V

2

V volume of 0.05M potassium hydroxide used, in millilitres.

Ester 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 mL of water R.

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.

Sulfated 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.

FUNCTIONALITY-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 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 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 quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during 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 characteristic are
reponed, the control method must be indicated.
Thefollowing characteristics may be relevant for poly(vinyl
alcohol) usedas viscosity-increasing agent, binder orfilm former.

Viscosity
(see Tests).

Ester value
(see Tests).

Infrared absorption spectrophotometry
(see Identification A).
_____________________ PhEur
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Action and use
Used in solutions for dialysis.

Preparation
Potassium Acetate Sterile Concentrate

PhEur _

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
VeT:y soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
A.' It gives reaction' (a) of acetates (2.3.1).

RIt,'gives reaction'(a) ofpotassium (2.3.1).

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 water R.
Add 5 mL of dilutesulfuric acidR and 0.5 mL of a 0.32 gIL
solution of potassium permanganate R. Mix and boil gently for
5 min. The solution remains pink.

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.

Dilute 7.5 mL of solution S to 15 mL with distilled waterR.

Aluminium (2.4.17)
Maximum 1 ppm, if intended for use in the manufacture of
peritoneal dialysis solutions, haemofiltration solutions or
haemodialysis solutions.

Prescribed solution Dissolve 2.0 gin 50 mL of water Rand
add 5 mL of acetate buffer solution pH 6.0 R.
Reference solution Mix 1 mL of aluminium standard solution
(2 ppm AD R, 5 mL of acetate buffersolution 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 water R.

Sodium
Maximum 0.5 per cent.

PhEur _

____________________ PhEur

298-14-6

Action and use
Excipient.

Potassium Bicarbonate
(Potassium Hydrogen Carbonate, Ph. Bur. monograph
1141)

KHC03 100.1

DEFINITION
Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

When heated in the dry state or in solution, 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 pale pink 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. 1 mL of solution S gives reaction (b) of potassium (2.3.1).

TESTS
Solution S
Dissolve 5.0 gin 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, MethodII).

Carbonates
The pH (2.2.3) of freshly prepared solution S is not greater
than 8.6.

Atomic emission spectrometry (2.2.22, Method II).

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 standard solution (200 ppm Na) R, diluted as necessary
with waterR.
Wavelength 589 nm.

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 ofanhydrous 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 perchloric acidis equivalent to 9.81 mg
ofCzH3K02 ·

STORAGE
In an airtight container.

127-08-2

(Ph. Eur. monograph 1139)

CZH3K02 98.1

Potassium Acetate
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____________________ PhEur

PhEur _

DEFINITION
Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
\lVhite or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water and in glycerol, slightly soluble in
ethanol (96 per cent).

IQENTIFICATION
A. It gives reaction (a) of bromides (2.3.1).

B. Solution S (see TestS) gives the reactions of potassium
(2.3.1).

Chlorides (2.4.4)
Maximum 150 ppm.

Dilute 7 mL of solution S to 15 mL with dilute nitric acidR.

Sulfates (2.4.13)
Maximum 150 ppm.

Dilute 10 mL of solution S to 15 mL with acetic acidR.
Prepare the standard using a mixture of 7.5 mL of sulfate
standard solution (10 ppm SO.J Rand 7.5 mL of distilled
waterR.

Ammonium (2.4.1)
Maximum 20 ppm.

Dilute 10 mL of solution S to 15 mL with water R.

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
standardsolution (10 ppm Ca) Rand 10 mL of distilled
waterR.

Iron (2.4.9)
Maximum 20 ppm, determined on solution S.

Sodium
Maximum 0.5 per cent.

Atomic emission spectrometry (2.2.22, Method If).
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 standard solution (200 ppm Na) R, diluted as necessary
with waterR.

Wavelength 589 nm.

ASSAY
Dissolve 0.800 gin 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, or at the point of inflection if only
1 point is detected.

1 mL of 1 M hydrochloric acid is equivalent to 0.1001 g
ofKHC03 ·

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, MethodIf).

Acidity or alkalinity
To 10 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 M sodium hydroxide is required to change the
colour of the indicator.

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 M sulfuric acidand allow to stand protected
from light for 5 min. No blue or violet colour develops.

Chlorides and sulfates
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 0.400 g of the substance to be
examined in 50 mL of waterfor chromatography R and dilute
to 100.0 mL with the same solvent.

Testsolution (b) Dilute 25.0 mL oftest solution (a) to
50.0 mL with waterfor chromatography R.

Reference solution (a) To 25.0 mL of test solution (a) add
1.0 mL of sulfate standard solution (10 ppm SO.J Rand
12.0 mL of chloride standard solution (50 ppm Cl) R and dilute
to 50.0 mL with water for chromatography R.
Reference solution (b) Dilute 10.0 mL of test solution (a) to
100.0 mL with waterfor chromatography R. To 2.0 mL of this
solution add 8.0 mL of chloride standard solution
(50 ppm Cl) R and dilute to 20.0 mL with water for
chromatography R.
Blank solution waterfor chromatography R.
Column:
- size: I = 0.25 m, 0 = 2 rnm;
- stationary phase:strongly basic anion-exchange resin for

chromatography R (13 J.UIl).

Mobile phase Dissolve 0.600 g of potassiu~ hydroxide R in
waterfor chromatography R and dilute to 1000.0 mL with the
same solvent.

Flowrate 0.4 mIJmin.

Detection Conductivity detector equipped with a suitable ion
suppressor.

Injection 50 ul, 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: minimum 8.0 between the peaks due to

chloride and bromide.

Calculation of percentage 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 peak due 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 peak due to sulfate in
the chromatogram obtained with reference solution (a) by

7758-02-3

(Ph. Eur. monograph 0184)

KEr 119.0

Potassium Bromide
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subtracting the area of the peak due to sulfate in the
chromatogram obtained with 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 ofJem'c chloride
solution R1 and 2 mL of methylene chloride R. Shake and allow
to separate. The lower layer is colourless (2.2.2~ MethodI).

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with water R.

Magnesium and alkaline-earth metals (2.4.7)
Maximum 200 ppm, calculated as Ca.

10.0 g complies with the test for magnesium and alkaline
earth metals. The volume of 0.01 M sodium edetate used does
not exceed 5.0 mL.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven.at 105 C C for 3 h.

ASSAY
Dissolve 100.0 mg In waterR, add 5 mL of dilute nitricacidR
and dilute to 50 mL with water R. Titrate with 0.1 M silver
nitrate, determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M silvernitrate is equivalent to 11.90 mg of KEr.

Calculate the percentage content of KEr using the following
expression:

a - 3.357 b

a percentage content of KEr and KCI obtained in the assay and
calculated as KEr;
percentage content of CI obtained in the test for chlorides.

____________________ PhEur

Potassium Carbonate

TESTS
Solution S
Dissolve 10.0 gin 25 mL of distilled waterR. Slowly add
14 mL of hydrochloric acidR. When the effervescencehas
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~ Method II).

Chlorides (2.4.4)
Maximum 100 ppm.

Dissolve 0.50 gin 10 mL of waterR. Carefully add dropwise
1 mL of nitric acid R. 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 to 15 mL with distilled water R.

Calcium (2.4.3)
Maximum 100 ppm.

To 5 mL of solution S add 1 mL of concentrated ammonia R.
Boil. Cool. Dilute to 15 mL with distilled 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 gby drying in
an oven at 120-125 °C for 5 h.

ASSAY
Dissolve 0.500 gin 50 mL of carbon dioxide-free waterR.
Carry out a potentiometric titration (2.2.20), using 1 M
hydrochloric acid. Read the volume added at the 2n d point of
inflexion.

1 mL of 1 M hydrochloric acid is equivalent to 69.1 mg
ofK2C03•

STORAGE
In an airtight container.

PhEur _

DEFINITION
Content
99.0 per cent to 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).

____________________ PhEur

Action and use
Used in prevention and treatment of potassium deficiency
and electrolyte imbalance.

Preparations
Bumetanide and Potassium Prolonged-release Tablets

Oral Rehydration Salts

Sterile Potassium Chloride Concentrate

Potassium Chloride and Glucose Intravenous Infusion

Potassium Chloride and Sodium Chloride Intravenous
Infusion
Potassium Chloride, Sodium Chloride and Glucose
Intravenous Infusion

Potassium Chloride Oral Solution

Potassium Chloride Prolonged-release Tablets

****...
* *
*****

7447-40-7

(Ph. Bur. monograph 0185)

KCI 74.6

Potassium Chloride
584-08-7

Action and use
Excipient.

(Ph. Bur. monograph 1557)

K2C0 3 138.2
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_--'- PhEur

PhEur _

6100-05-6324.4

(Ph. Bur. monograph 0400)

Action and use
Alkalisation of urine.

Preparation
Potassium Citrate Mixture

Potassium Citrate

in the solution is not more intense than that in a mixture of
5 mL of solution Sand 6 mL of distilled waterR.

Iron (2.4.9)
Maximum 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, determined on 10.0 g
using 0.15 g of mordant black 11 triturate R. The volume of
0.01 M sodium edetate used does not exceed 5.0 mL.

Sodium
Maximum 0.1 per cent, if intended for use in the
manufacture of parenteral preparations or haemodialysis
solutions.

Atomic emission spectrometry (2.2.22, Method l).

Testsolution Dissolve 1.00 g of the substance to be
examined in waterR and dilute to 100.0 mL with the same
solvent.

Reference solutions Prepare the reference solutions by diluting
as required a solution containing 200 Jlg of Na per rnillilitre,
prepared as follows: dissolve in water R 0.5084 g of sodium
chloride R, previously dried at 105 DC for 3 h, and dilute to

1000.0 mL with the same solvent.

Wavelength 589 nm.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 DC for 3 h.

ASSAY
Dissolve 60.0 mg in water R, add 5 mL of dilute nitric acidR
and dilute to 50 mL with water R. Titrate with 0.1 ..;'-1 silver
nitrate, determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M sihier nitrate is equivalent to 7.46 mg of KCl.

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.

DEFINITION
T ripotassium 2-hydroxypropane-1,2, 3-tricarboxylate
monohydrate.

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

IDENTIFICATION
A. It gives the reactions 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 waterR and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2:1 Mahod 11).

Acidity or alkalinity
To 50 mL of solution S add 0.1 mL of bromothymol blue
solution Rl. Not more than 0.5 mL of 0.01 M hydrochloric
acid or 0.01 M 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
solution R2 and 1.0 mL of chloramine solution Rl and mix
immediately. After exactly 2 min add 0.15 mL of 0.1 1\11
sodium thiosulfate, 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 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 nitrite solution R, 2 mL of
0.5 M sulfuric acid, 25 mL of iodide-free starch solution Rand
25 mL of waterR. 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 to 15 mL with distilled waterR.

Aluminium (2.4.17)
Maximum 1.0 ppm, if intended for use in the manufacture of
haemodialysis solutions.

Prescribed solution Dissolve 4 g in 100 mL of waterR and
add 10 mL of acetate buffersolution pH 6.0 R.

Reference solution Mix 2 mL of aluminiumstandardsolution
(2 ppm AD R, 10 mL of acetate buffer solution pH 6.0 R and
98 mL of waterR.

Blank solution Mix 10 mL of acetate buffer solution pH 6.0 R
and 100 mL of waterR.

Barium
To 5 mL of solution S add 5 mL of distilled waterR and
1 mL of dilute sulfuric acid R. After 15 min, any opalescence

PhEur _

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.
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PhEur _

____________________ PhEur

61177-45-5237.3

(Ph. Bur. monograph 1140)

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 clavuligerus or obtained by any other means.

Content
96.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
\1Vhite 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 c1avam-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 (2.3.1).

Potassium Clavulanate

Action and use
Beta-lactamase inhibitor, potentiation of the action of
amoxicillin and ticarcillin.

Preparations
Co-amoxiclav Injection

Co-amoxiclav Oral Suspension

Co-amoxiclav Tablets

Co-amoxiclav Dispersible Tablets

Ticarcillin and Clavulanic Acid Infusion

methanol R as solvent. After adding the substance to be
examined, stir for 15 min before titrating.

ASSAY
Dissolve 0.150 gin 20 mL of anhydrous acetic acid R, heating
to about 50 DC. Allow to cool. Titrate with 0.1 M perchloric
acid using 0.25 mL of naphtholbenzein solution R as indicator
until a green colour is obtained.

1 mL of 0.1 M perchloric acid is equivalent to 10.21 mg
of C6HsK307•

STORAGE
In an airtight container.

CHARACTERS
Appearance
White or almost white, granular powder or transparent
crystals, hygroscopic.

Solubility
Very 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. 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 waterR prepared from
distilled water R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution.Sus 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 phenolphthalein
solution R Not more than 0.2 mL of 0.1 M hydrochloric add
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 sulfuric acidR and heat in a water-bath at
90 ± 1 °Cfor 60 min. Cool rapidly. The solution is not
more intensely coloured than reference solution Y2 or GY2

(2.2.2, Method If).

Chlorides (2.4.4)
Maximum 50 ppm.

Dilute 10 mL of solution S to 15 mL with water R.

Oxalates
Maximum 300 ppm.

Dissolve 0.50 gin 4mL of waterR, add 3 mL of hydrochloric
acid R and 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 acidR1 and
dilute to 15 mL with distilled water R.

Sodium.
Maximum 0.3 per cent.

Atomic emission spectrometry (2.2.22, Method If).

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 Naper
millilitre diluted as necessary with distilled water R.

Wavelength 589 nm.

Water (2.5.12)
4.0 per cent to 7.0 per cent, determined on 0.250 g. Use a
mixture of 1 volume of formamide Rand 2 volumes of

www.webofpharma.com



11-668 Potassium Clavulanate 2020

TESTS
Solution S
Dissolve 0.400 g in carbon dioxide-free waterR and 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 buffersolution pH 7.0 R
and dilute to 50.0 mL with the same buffer solution.
Measure the absorbance immediately.

The absorbance (2.2.25) of the solution determined at
278 nm is not greater than 0.40.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Test solution Dissolve 0.250 g of the substance to be
examined in mobile phase A 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.
Reference solution (b) Dissolve 10 mg of lithium
clavulanate CRS and 10 mg of amoxicillin trihydrate CRS in
mobile phase A and dilute to 100 mL with mobile phase A.

Reference solution (c) Dissolve 2 mg of potassium clavulanate
impurity G CRS in 20 mL of mobile phase A.
Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 11m);
- temperature: 40 "C.
Mobile phase:
- mobile phaseA: a 7.8 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 4.0 with phosphoric acidR;
- mobile phase B: a mixture of equal volumes of methanol R

and mobile phase A;

- aTo/otherimpurity: for each impurity, not more than
0.2 rimes the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.2 per cent);

- tmal: 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).

AHpbatic 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-tetramethylbutylamine;
NP -diisopropylethylenediamine; 2,2'-oxybis(N,N)
dimethylethylamine.

Imemal standardsolution Dissolve 50 ilL of 3-methylpentan
2-one R in waterR and dilute to 100.0 mL with the same
solvent.

Testsolution 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-methylpropanol Rand 5 g of
sodiumchloride R. Shake vigorously for 1 min. Centrifuge to
separate the layers.

Reference solution Dissolve 80.0 mg of each of the following
amin.es: 1, l-dimethylethylamine R; tetramethylethylenediamine R;
1,1,3,3-tetramethylbutylamine R; N,N'
diisopropylethylenediamine Rand 2,2'-oxybis(N,N
dimeihylethylamz"ne) 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 rnL of the internal
standard solution, 10.0 mL of dilute sodium hydroxide
solution R, 5.0mL of 2-methylpropanol Rand 5 g of sodium
chloride R. Shake vigorously for 1 min. Centrifuge to separate
the layers.

Column:
- material: fused silica;
- size:1= 50 m, 0 =0.53 mm;
- stationary phase: poly(dimethyl) (diphenyDs£loxane R (film

thickness 5 11m).
Carriergas helium for chromatography R.

Flow rate 8 mUmin.

Split ratio I: 10.

Temperature:

Time
(min)

0-4

4 - 15

15 - 18

Mobile phase A
(per cent VIJI)

100

100 --. 50

50

Mobile phase B
(per cent VIV)

o
0--.50

50 Time
(min)

Temperature
CC)

Detection Flame ionisation.

Injection 1 ilL 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.

Flow rate 1 mIJmin.

Detection Spectrophotometer at 230 nm.

Injection 20!-tL.

Relative retention With reference toclavulanate (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 (l st peak) and amoxicillin (2n d peak).

Limits:
- impurities 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);

Column

Injection port

Detector

0-7

7 - 10.8

10.8 - 25.8

35

35 --. 150

150

200

250
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Limit:
- total of aliphatic amines: maximum 0.2 per eear,

2-Ethylhexanoic acid (2.4.28)
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 IV/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). Prepare the solutions
immediatelybefore use.

Test solution Dissolve 50.0 mg of the substance to be
examined in a 4.1 gIL solution of sodium acetateR previously
adjusted to pH 6.0 with glacial acetic acid R, and dilute to
50.0 mL with the same solution.

Reference solution (aJ Dissolve 50.0 mg of lithium
clavulanateCRSin a 4.1 gIL solution of sodium acetate R
previously adjusted to pH 6.0 with glacialacetic acidR and
dilute to 50.0 mL with the same solution.

Reference solution (bY, .Dissolve 10 mg of amoxicillin
trihydrate CRS ill. 10'mL of reference solution (a).

Column:
- size: 1= 0.3 m, (2) = 4.6 mrn;
- stationaryphase: octadecylsilyl silicagelfor chromatography R

(10 j.L111.),

Mobile phase Mix 5 volumes of methanolRl and95 volumes
of a 15 gIL solution of sodium dihydrogen pJwsphate R
previously adjusted to pH 4.0 with diluiepJwsphoric acid R.

Flow rate 1 mL/min.

Detection Spectrophotometer at 230 run.

Injection 10 ilL.
System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

clavulanate (1st peak) and amoxicillin (2n d peak).

1 mg of clavulanate (CaH9NOs) is equivalent to 1.191 mg
of CaHaKNOs.

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
proof container.

11\1PURITIES
Test for related substances
A, B, C, D, E, F, G.

Test for aliphatic amines
H,], K,L, M.
Specifiedimpurities E, G, H, J, K, L, M.

Other detectable impurities (the followingsubstances axndd, if
presentat a sufficientlevel, be detected by one or otherof the tests
in the monograph. They are limited by the generalacceptance
criterion for other/unspecified impuritiesand/or by the general
monograph Substances for pharmaceuticaluse (2034). It is
therefore not necessary to identify theseimpurities for
demonstration of compliance. See also 5.10. Controlofimpurities
in substances for pharmaceuticaluse) A, B, C, D, F.

(NjOH

HO~N

A. 2,2'-(pyrazine-2,5-diyl)diethanol,

Potassium Clavulanate 11-669

B. 3-[3,6-bis(2-hydroxyethyl)pyrazin-2-yl]propanoic acid,

NCOH
(: CH

3HO~N

C. 2,2'-(3-ethylpyrazine-2,5-diyl)diethanol,

:c:C0 2H

HN
.--:;::.

OH

D. 4-(2-hydroxyethyl)-lH-pyrrole-3-carboxylic acid,

E. (2R,4R,SZ)-2-(carboxymethyl)-5-(2-hydroxyethylidene)-3
[[(2R,3Z,SR)- 3-(2-hydroxyethylidene)-7-oxo-4-oxa-l
azabicyclo[3.2. O]hept-2-yl]carbonyl] oxazolidine-4
carboxylic acid,

HN~O~~H
~ lN~

OH

F. 4-[[[[4-(2-hydroxyethyl)-IH-pyrrol-3-yl]carbonyl]oxy]
methyl] -1H-pyrrole-3-carboxylic acid,

G.4-[[(IS)-1-carboxy-2-(4-hydroxyphenyl)ethyl]amino]-4
oxobutanoic acid (N-(hydrogensuccinyl)tyrosine),

H.2-methylpropan-2-amine (2-amino-2-methylpropane, tert
butylamine, 1, l-dimethylethylamine),

J. N,N,N',N'-tetramethylethane-1,2-diamine (1,2-bis
(dimethylamino)ethane, N,N,N',N'
tetramethylethylenediamine),

K. 2,4,4-trimethylpentan-2-amine (2-amino-2,4,4
trimethylpentane, 1,1,3,3-tetramethylbutylamine),

www.webofpharma.com



11-670 Potassium Clavulanate

L. N~N'-diisopropylethane-I,2-diarnine (N,N' -bis( 1
methylethyl)ethane-I,2-diamine),

H3C'N~O~N--CH3
I I
CH3 CH3

M.2,2'-oxybis(N~N-dimethylethanamine)(bis [2
(dimethylamino)ethyl] ether, N~N,N',N'-tetramethyl
(oxydiethylene)diamine).

_________________~ PhEur

Diluted Potassium Clavulanate
(Ph. Bur. monograph 1653)

237.3

Action and use
Beta-lactamase inhibitor, potentiation of the action of
amoxicillin and ticarcillin.

Preparations
Co-amoxiclav Oral Suspension

Co-amoxic1av Tablets

Co-amoxic1av Dispersible Tablets

PhEur _

DEFINITION
Dry mixture of Potassium clavulanate (1140) and Cellulose,
microcrystalline (0316) or Silica, 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.

CHARACTERS
Appearance of diluted potassium claoulanate White or almost
white powder, hygroscopic.

Solubility of potassium clasndanate 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) of potassium (2.3.1).

C. Depending on the diluent used, carry out the
corresponding identification test (a) or (b).

2020

(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 clavulanate in 20 mL
of carbon dioxide-free water R.

Polymeric impurities and other impurities absorbing at
278nm
Disperse a quantity of the substance to be examined
corresponding to 50.0 mg of potassium clavulanate in 10 mL
of 0.1 M phosphate buffer solution pH 7.0 R, dilute to 50.0 mL
with the same buffer solution and filter. Measure the
absorbance immediately.

The absorbance (2.2.25) of the solution determined at
278 nm is not greater than 0.40.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Testsolution 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 rn.Lwith mobile
phase A and filter.

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 amoxicillin
trihydrate CRS in 1 mL of the test solution and dilute to
100 rn.Lwith mobile phase A.

Reference solution (c) 2 mg of potassium clavulanate
impurity G CRS in 20 rn.Lof mobile phase A.

Column:
- size: 1= 0.10 m, (2) =4.6 rom;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 11m);
- temperature: 40 DC.

Mobile phase:
- mobile phase A: a 7.8 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 4.0 with dilute phosphoric
acidR;

- mobile phase B: a mixture of equal volumes of mobile
phase A and methanol R;

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent VIV)

0-4 100

4 - 15 100 -+ 50 0-+50

15 - 18 50 50

Flow rate 1 rn.IJmin.

Detection Spectrophotometer at 230 nm.

Injection 20 ur,
Relaiiue 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 (l st peak) and amoxicillin (2n d peak).
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____________________ PhEur

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,

**** ** ** ****
7778-77-0

Potassium Dihydrogen Phosphate

F. 4- [[[[4-(2-hydroxyethyl)-IH-pyrrol-3-yl]carbonyl]
oxy]methyl] -IH-pyrrole-3-carboxylic acid,

(NjOH

HO~N

:c:
~ COzH

HN
~

OH

G.4-[[(1S)-1-carboxy-2-(4-hydroxyphenyl)ethyl]amino]-4
oxobutanoic acid (N-(hydrogensuccinyl)tyrosine) .

ZO
OH

H02C.. H I ~
HN #

H02C~O

NCOH

(: CH
aHO~N

N~OH

HO~N~C02H

~
COZH OH

H....

H~ONoo -', X
~~-- H \'-C02H

Lf-o OH
H

:\
° O~

HN ~ }=!NH

H0 2C

OH

(Ph. Eur. monograph 0920)

KHZP04 136.1

Preparations
Sterile Potassium Dihydrogen Phosphate Concentrate

Potassium Dihydrogen Phosphate Oral Solution

E. (2R,4R,5Z)-2-(carboxymethyl)-5-(2-hydroxyethylidene)-3
[[(2R,3Z,5R)-3-(2-hydroxyethylidene)-7-oxo-4-0xa-1
azabicyclo [3.2.0]hept-2-yl] carbonyl]oxazolidine-4
carboxylic acid,

D. 4-(2-hydroxyethyl)-IH-pyrrole-3-carboxylic acid,

Limits:
- impurities 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);

- arry otherimpurity: 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).

Water (2.5.12)
Maximum 2.5 per cent, determined on 1.000 g.

ASSAY
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Testsolution Disperse a quantity of the substance to be
examined corresponding to 50.0 mg of potassium clavulanate
in a 4.1 gIL solution of sodium acetate R previously adjusted
to pH 6.0 with glacial acetic acidR, dilute to 50.0 mL with
the same solution and filter.

Reference solution (a) Dissolve 50.0 mg of lithium
clavulanate CRS in a 4.1 gIL solution of sodium acetate R
previously adjusted to pH 6.0 with glacial acetic acidRand
dilute to 50.0 mL with the same solution.

Reference solution (b) Dissolve 10 mg of amoxicillin
trihydrate CRS in 10 mL of reference solution (a).

Column:
- size: 1= 0.3 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(10 urn).

Mobile phase Mix 5 volumes of methanol R1 and 95 volumes
of a 15 gIL solution of sodium dihydrogen phosphate R
previously adjusted to pH 4.0 with dilute phosphoric acidR.

Flow rate 1 mllmin.
Detection Spectrophotometer at 230 nm.

Injection 10 ~.

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

clavulanate (1st peak) and amoxicillin (2n d peak).

1 mg ofCsHgNOs is equivalent to 1.191 mg ofCsHsKNOs.

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 impurities E~ G.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, be detected by one orother of the tests
in the monograph. They arelimited by 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 for pharmaceutical use) A, B~ C, D, F.
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PhEur _

DEFINITION
Content
98.0 per cent to 100.5 per cent (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 faintly acid (2.2.4).

B. Solution S gives reaction (b) of phosphates (2.3.1).

C. 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
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).

pH (2.2.3)
4.2 to 4.5.

To 5 mL of solution S add 5 mL of carbon dioxide-free
waterR.

Reducing substances
To 5 rn.L of solution S add 5 mL of dilute sulfuric acidRand
0.25 mL of 0.0'2 M potassium permanganate. Heat on a water
bath for 5 min. The colour of the permanganate is not
completely discharged.

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 300 ppm.

To 5 mL of solution S add 0.5 mL of hydrochloric acidRand
dilute to 15 rn.L with distilled waterR.

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
Maximum 0.1 per cent, if intended for use in the
manufacture of parenteral preparations.

Atomic emission spectrometry (2.2.22, Method l).

Test solution Dissolve 1.00 g of the substance to be
examined 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 with water 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 ug of Na per millilitre).

Wavelength 589 nm.

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 gby drying in
an oven at 125-130 "C.

ASSAY
Dissolve 1.000 gin 50 mL of carbon dioxide-free water R.
Titrate with carbonate-free 1 1\11 sodium hydroxide,
determining the end-point potentiometrically (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 0.1361 g
ofKHzP0 4'

LABELI..ING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.
____________________ PhEur

Potassium Hydrogen Aspartate
Hemihydrate
(Ph. Bur. monograph 2076)

Action and use
Excipient.

PhEur _

DEFINITION
Potassium hydrogen (2S)-2-aminobutanedioate hemihydrate.

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

CHARACTERS
Appearance
White or almost white, powder or crystalline powder, or
colourless crystals.

Solubility
Very soluble in water, practically insoluble in alcohol and in
methylene chloride.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. 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).

C. It gives reaction (b) of potassium (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR prepared from
distilled uiater 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)
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 hydrochloric
add R and waterR and dilute to 25.0 mL with the same
mixture of solvents.
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PhEur _

Potassium Hydrogen Tartrate
Cream of Tartar

(Ph. Bur. monograph 1984)

868-14-4188.2

H pH.x _COzK
HOzC' X

H OH

Action and use
Excipient.

DEFINITION
Potassium hydrogen (2R,3R)-2,3-dihydroxybutane-l,4
dioate.

Content
99.5 per cent to 100.5 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).

B. Suspend 0.5 gin 50 mL of water R and boil until
dissolution is complete. Allow' to cool (solution A). To 5 mL
of solution A, add 0.1 mL of methylredsolution 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 hydrochloric 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 water R. Add 3 mL of hydrochloric
acidR and 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 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 in the same manner
using a mixture of 1 mL of water R and 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
nitric acid R and 50 mL of water R.·Dilute tol 00 mL with
water R. Dilute 10 mL of the solution to 15 mL with
water R.

Ninhydrin-positive substances
Thin-layer chromatography (2.2.27).

Test solution (a) Solution S.

Test solution (b) Dilute 1.0 rnL of solution S to 10.0 mL
with water R.

Reference solution (a) Dissolve 25 mg of potassium hydrogen
aspartate hemihydrate CRS in waterR and dilute to 10 mL
with the same solvent.

Reference solution (b) Dilute 1.0 rnL of test solution (b) to
20.0 mL with waterR.

Reference solution (c) Dissolve 10 mg of glutamic acidCRS
and 10 mg of the substance to be examined in waterR and
dilute to 25 mL with the same solvent.

Plate TLC silica gelplateR.

Mobile phase glacial acetic acidR, waterR, butanol R
(20:20:60 V/V/V).

Application 5 ilL.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydrin solution R and heat at
100":105 DC for 15 min.

System suitability Reference solution (c):
- the chromatogram shows 2 dearly separated principal

spots.

Limits Test solution (a):
- any impurity: any spot, apart from the principal spot, is

not mote 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 rnL of solution S add 5 rnL of waterR.

Sulfates (2.4.13)
Maximum 500 ppm.

To 12 mL of solution S add 3 mL of distilled waterR.

Ammonium (2.4.1~ Method B)
Maximum 200 ppm, determined on 50 mg.

Prepare the standard using 0.1 mL of ammonium standard
solution (l 00 ppm NH.J 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 acidR. 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 8.56 mg of
C4I:hKN04•

____________________ PhEur
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11-674 Potassium Hydroxide

Sulfates (2.4.13)
Maximum 500 ppm.

Suspend 0.30 gin 3.0 mL of dilutehydrochloric acidRand
dilute to 15 mL with distilled waterR. Heat until dissolution
is complete.

Barium
Suspend 0.50 g in a mixture of 1.5 mL of dilute hydrochloric
acidRand 8.5 mL of water R. Heat until dissolution is
complete. Allow to cool. Add 1 mL of dilute sulfuric acidR.
The solution remains clear (2.2.1) on standing for 15 min.

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 gin 100 mL of waterRat 100 "C. Titrate the
hot solution with 0.1 M sodium hydroxide, using 0.3 mL of
phenolphthalein solution R as indicator.

1 mL of 0.1 M sodiumhydroxideis equivalent to 18.82 mg of
C4HsK06•

____________________ PhEur

Potassium Hydroxide
Caustic Potash

(Ph. Bur. monograph 0840)

KOH 56.11

Preparations
Potassium Ascorbate Eye Drops

Potassium Hydroxide Solution
PhEur _

DEFINITION
Content
85.0 per cent to 100.5 per cent of tota! alkali, calculated as
KOH.

CHARACTERS
Appearance
White or almost white, crystalline, hard masses, supplied as
sticks, pellets or irregularly shaped pieces, deliquescent,
absorbing carbon dioxide.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENflFICATION
A. pH (2.2.3): minimum 10.5.

Dissolve 0.1 g in 10 mL of water R (solution A used for
identification test B). Dilute 1 mL of this solution to 100 mL
with waterR.

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 water R. Carefully add 2 mL of
nitric acidR while cooling, and dilute to 25 mL with dilute
nitric acidR.

Solution S2
Dissolve 109 in 15 mL of distilled water R. Carefully add
12 mL of hydrochloric acid R while cooling, and dilute to
50 mL with dilute hydrochloric acid R.

2020

Appearance of solution
The solution is clear (2.2.1) arid colourless (2.2.2,
Method II).

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 K2C03 as determined
in the assay.

Chlorides (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 S1 to 100 mL with water R.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 5 mL of solution S2 to 20 mL with distilled waterR.

Aluminium (2.4.17)
Maximum 0.2 ppm, if intended for use in the manufacture of
haemodialysis solutions.

Prescribed solution Dissolve 20 g in100 mL of water R and
add 10 mL of acetate buffer solution pH 6.0 R.

Reference solution Mix 2 mL of aluminium standard solution
(2 ppm AD R, 10 mL of acetate buffer solution pH 6.0 Rand
98 mL of waterR.

Blank solution Mix 10 m.L of acetate buffer solution pH 6.0 R
and 100 mL of waterR.

Iron (2.4.9)
Maximum 10 ppm.

Dilute 5 mL of solution S2 to 10 mL with water R.

Sodium
Maximum 1.0 per cent.

Atomic absorption spectrometry (2.2.23, Method II).

Test solution Dissolve 1.00 g in 50 m.L of water R, 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 with'Ui9ter R.

Reference solutions Prepare the reference solutions using
sodium standard solution (200 ppm Na) R, diluting with
waterR.

Source Sodium hollow-cathode lamp.

Wavelength 589 nm.

Atomisation deoice Air-acetylene flame.

ASSAY
Dissolve 2.000 gin 25 mL of carbon dioxide-free waterR.
Add 25 mL of freshly prepared barium chloride solution Rl
and 0.3 mL of phenolphthalein solution R. Add slowly, while
shaking, 25.0 mL of 1 M hydrochloric acid and continue the
titration with 1 NI hydrochloric acid until the colour changes
from pink to colourless. Add 0.3 mL of bromophenol blue
solution R and continue the titration with 1 M hydrochloric
add until the colour changes from violet-blue to yellow.

1 mL of 1 M hydrochloric add used in the 2nd part of the
titration is equivalent to 69.11 mg of K2C03•

1 mL of 1 M hydrochloric add used in the combined titrations
is equivalent to 56.11 mg of total alkali, calculated as KOB.

STORAGE
In an airtight, non-metallic container.
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LABELLIi.'lG
The label states, where applicable, that the substance is
suitable for use in the manufacture of haemodialysis
solutions.
_____________________ PhEur

Potassium Iodate 11-675

prepare the standard solutions. Each mg of potassium is
equivalent to 2.2284 mg of KZS04•

Potassium Iodate
214.0 7758-05-6

Potassium Hydroxyquinoline Sulfate
Potassium Hydroxyquinoline Sulphate

Action and use
Used in treatment of acne.

Preparation
Potassium Hydroxyquinoline Sulfate and Benzoyl Peroxide
Cream.

DEFINITION
Potassium Hydroxyquinoline Sulfate is an equimolecular
mixture of quinolin-Bsol sulfate monohydrate, (C 9H 7N O)z,
H 2S0 4,HZO, and potassium sulfate, KZS0 4• It contains not
less than 50.6% and not more than 52.6% of quinolin-Seol,
C~7NO, and not less than 29.5% and not more than
32.5% of K2S04, calculated with reference to the anhydrous
substance,

CHARACTERISTICS
A pale yellow, microcrystalline powder. It partly liquefies
between 172° and 184°.

Freely soluble in water; insoluble in ether. On extraction with
hot absolute ethanola residue of potassium sulfate and a
solution of quinolin-Seol sulfate are obtained.

IDENfIFICATION
A. To S mL of a 5% w/v solution add drop wise, with
shaking, SM sodium hydroxideuntil 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 quinolin-Ssol (RS 310).

B. To S mL of a 5% w/v solution add 0.5 mL of iron(m)
chloride solutionRl. 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 quinoIin-8-o1
Dissolve 0.35 gin 50 mL of waterand 20 mL of hydrochloric
acid, add 50 mL of 0.05M bromine VS, stopper the flask and
shake for 15 minutes. Allow to stand for 15 minutes,add
80 mL of water and 10 mL of dilute potassium iodide solution
and titrate with O.IM sodium 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 bromine required. Each mL of 0.05M bromine VS is
equivalent to 3.629 mg of C9H7NO.

For potassium sulfate
Prepare a solution of suitable concentration with water. Carry
out the method for atomic emission spectrophotometry,
Appendix II D, measuring at 766.5 nm and using potassium
standard solution (600 ppm K), suitably diluted with water, to

Action and use
Iodine supplement for emergency use.

Preparation
Potassium Iodate Tablets

DEFINITION
Potassium Iodate contains not less than 99.0% and not more
than 101.0% of KI03, calculated with reference to the dried
substance.

CHARACTERISTICS
A white crystalline powder.

Slowly soluble in water; insoluble in ethanol (96%).

Dissolve 10 g 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
is removed. Dissolve the residue in 2.5 mL of a 25% v/v
solution of hydrochloric acid and dilute to 50 mL with water
(solution S2).

IDENTIFICATION
A. ] mL of solution S1 yields reaction B characteristic of
potassium salts, Appendix VI.
B. Dissolve 0.1 ginS mL of water. Add 1 mL of szIver nitrate
solution followed by 1 mL of sulfurdioxide solution. A yellow
precipitate is produced immediately.

TESTS
Acidity or alkalinity
pH of solution SI, 5.0 to 8.0, Appendix V L.

Clarity and colour of solution
Solution S1 is clear, Appendix IV A, and colourless,
Appendix IV B, Method II.

Chloride, chlorate, bromide, bromate
Dilute 5 mL of solution S1 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 sihier 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 nitric
acid. After 5 minutes, any opalescence, when viewed
vertically, is not greater than that produced by treating 5 mL
of a 0.00165% w/v 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 2S mL of solution S1 and
shake with 1 mL of chloroform. Any violet colour produced is
not more intense than that of a solution prepared at the same
time and in the same manner but using 5 mL of solution S1
and 2 mL of iodide standardsolution (10 ppm I) (20 ppm).

Sulfate
Add 1 mL of a 25% w/v solution of barium chloride to
1.5 mL of sulfate standardsolution (10 ppm SOJ, shake and
allow to stand for 1 minute. Add 12.5 mL of solution S2
diluted to 15 mL with distilled water and 0.5 mL of 5M acetic
acid and allow to stand for 5 minutes. Any opalescence
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11-676 Potassium Iodide

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 S04J diluted to 15 mL with distilled
waterin place of the solution being examined (50 ppm).

Loss on drying
When dried at 1300 for 1 hour, loses not more than 0.5% of
its weight. Use 1 g.

ASSAY
To 1.5 g add sufficient water to 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
acid. Close the flask and stand in the dark for 5 minutes.
Titrate the solution with O.IMsodium 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 of KI03 •

Potassium Iodide

2020

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 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 waterR 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.

1 mL of 0.05 M potassium iodate is equivalent to 16.60 mg of
KI.

STORAGE
Protected from light.
____________________ PhEur

(Ph. Bur. monograph 0186)

KI 166.0 7681-11-0 Potassium Metabisulfite
Action and use
Antithyroid.

PhEur _

Potassium Metabisulphite

(Ph. Bur. monograph 2075)

KzSzOs 222.3 16731-55-8

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

CHARACTERS
Appearance
White or almost white powder or colourless crystals.

Solubility
Very soluble in water, freely soluble in 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 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).

Alkalinity
To 12.5 mL of solution S add 0.1 mL of bromothymol blue
solution Rl. Not more than 0.5 mL of 0.01 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
solution R and 0.2 mL of dilute sulfuric acidR and allow to
stand protected 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 waterR.

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.

Action and use
Preservative.

PhEur _

DEFINITION
Potassium metabisulfite (potassium disulfite).

Content
95.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
White or almost white powder, or colourless crystals.

Solubility
Freely soluble in water, slightly soluble in 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 gives reaction (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, MethodI).

pH (2.2.3)
3.0 to 4.5 for solution S.

Thiosulfates
To 2.00 g add 25 mL of a 42.5 gIL solution of sodium
hydroxide R and 75 mL of waterR. Shake until dissolved and
add 10 mL of formaldehyde Rand 10 mL of acetic acidR.
After 5 min, titrate with 0.05 iVI iodine using 1 mL of starch
solution R. Carry out a blank titration. The difference
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____________________ PhEur

PhEur _

DEFINITION
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, very soluble in boiling water,
practically insoluble in ethanol (96 per cent).

between the volumes consumed in the 2 titrations is not
more than 0.15 mL.
Iron
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23, Method I).

Test solution Dilute 20 m.L of solution S to 50 mL with
water R.
Reference solutions Prepare the reference solutions using iron
standard solution (20 ppmFe) R, diluted as necessary with
water R.
Source Iron hollow-eathode lamp.
Wavelength 248.3 nm.
Atomisation device Air-acetylene flame.

Selenium
Maximum 10 ppm.

To 3.0 g add 10 mL ofjormaldehydeR. Carefully add 2 mL
of hydrochloric acidR in small portions. Heat on a water-bath
for 2Q_JIlin._Any pink colour in the solution is not more
intense than that of a reference solution prepared at the same
time in the same manner using 1.0 g of the substance to be
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, Method I).

Test solution Dilute 20 mL of solution S to 50 mL with
water R.

Reference solutions Prepare the reference solutions using zinc
standard solution (100 ppmZn) R, diluted as 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 M
iodine introduce 0.150 g and add 5 mL of hydrochloric acid R.
Titrate the excess of iodine with 0.1 M sodium thiosulfate
using 0.1 mL of starchsolution R, added towards the end of
the titration, as indicator.

1 mL of 0.05 M iodine is equivalent to 5.558 mg of KzSzOs'

STORAGE
In an airtight container, protected from light.

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
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).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of bromothymol blue
solution Rl, Not more than 0.5 mL of 0.01 M hydrochloric
acidor O. 01 M sodium hydroxide is required to change the
colour of the indicator.

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 waterR and dilute to 15 mL with the same
solvent.

Sulfates (2.4.13)
Maximum 150 ppm.

Dilute 10 mL of solution S to 15 mL with distilled waterR.
Ammonium (2.4.1)
Maximum 100 ppm, determined in 1 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 waterR.

Sodium
Maximum 0.1 per cent.

Atomic emission spectrometry (2.2.22, Method II).

Testsolution 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, 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 DC.

ASSAY
Prepare a chromatography column 0.3 m long and 10 mm in
internal diameter and filled with 109 of strongly acidic ion
exchange resin R covered with carbon dioxide-free waterR.
Maintain a 1 cm layer of liquid above the resin at all times.
Allow 100 mL of dilute hydrochloric acidR to run through the
column at a flow rate of about 5 mlJmin. Wash the column
(with the tap completely open) with carbon dioxide-free
water R until neutral to blue litmus paperR. 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 run through the column at a
flow rate of about 3 mUmin and collect the eluate. Wash the

7757-79-1

Potassium Nitrate
(Ph. Bur. monograph 1465)

KN03 101.1
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PhEur _

_____---,- PhEur

beaker with 10 mL of carbon dioxide-free water R and transfer
this solution at the same flow rate to the column before it
runs dry. Finally wash the column with 200 mL of carbon
dioxide-free waterR (with the tap completely open) until
neutral to blue litmuspaperR. Titrate the combined eluate
and washings with 0.1 M sodium hydroxide, using 1 mL of
phenolphthalein solution R as indicator.

1 mL of 0.1 M sodium hydroxide is equivalent to 10.11 mg of
KN03•

LABELLING
The label states, where applicable, that the substance is
suitable for ophthalmic use.

7722-64-7

Potassium Permanganate

Action and use
Antiseptic.

0.25 mL of 0.01 Mhydrochlor£c acidis required to change the
colour of the indicator.

Chlorates and chlorides (2.4.4)
Maximum 100 ppm (calculated as chlorides).

To 5 mL of solution S, add 5 mL of waterR and heat to
boiling. Add 1 mL of nitric acidRand 0.1 g or sodium
nitrite R. Allow to cool to room temperature. Dilute to
15 mL with waterR. The solution complies with the limit
test for chlorides. Prepare the standard using 5 mL of chloride
standard solution (5 ppm C1) Rand 10 mL of waterR, and
adding only 1 mL of dilute nitric acidR.

Sulfates (2.4.13)
Maximum 100 ppm, determined on solution S.

Prepare the standard using a mixture of 7.5 mL of sulfate
standard solution (10 ppm S04J R and 7.5 mL of water R.

Calcium (2.4.3)
Maximum 100 ppm, determined on solution S.
Prepare the standard using a mixture of 7.5 mL of calcium
standard solution (l0 ppm Ca) R, 1 mL of dilute acetic acidR
and 7.5 mlsof distilled waterR.

ASSAY
Prepare a chromatography column 0.3 m long and 10 nun in
internal diameter and filled with 109 of strongly acidic ion
exchange resin R covered with carbon dioxide-free 'water R.
Maintain a 1 em layer of liquid above the resin throughout
the determination, Allow 100 mL of dz1ute hydrochloric acidR
to run through the column at a flow rate of about 5 mIJmin.
Wash the column (with the tap completely open) with carbon
dioxide-free waterR until the eluate is neutral to bate litmus
paperR. 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 the column reservoir, allow the solution to run through
the column at a flow rate of about 3 mIJmin and collect the
eluate. Wash the beaker 3 times with 10 mL of carbon
dioxide-free waterR and transfer this solution at the same flow
rate to the column before it runs dry. Finally, wash the
column with 200 mL of carbon dioxide-free waterR (with the
tap completely open) until the eluate is neutral to blue litmus
paperR. Titrate the combined eluate and washings with
0.1 M sodium hydroxide, using 1 mL of phenolphthalein
solution R as indicator.

1 mL of 0.1 M sodium hydroxide is equivalent to 13.86 mg of
KCI04 ·

PhEur _

(Ph. Bur. monograph 0121)

KMn04 158.0

DEFINITION
Content
99.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
Dark purple or brownish-black, granular powder or dark
purple or almost black crystals, usually having a metallic
lustre.

____________________ PhEur

7778-74-7

Action and use
Diagnostic aid; treatment of hyperthyroidism.

(Ph. Bur. monograph 1987)

KCI04 138.6

Potassium Perchlorate

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).

IDENI1FICATION
A. Dissolve 0.1 g in 5 mL of water 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 solutiongives reaction (a) of
chlorides (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 gin 90 mL of distilled water R and heat to
boiling. Allow to cool. Filter. Dilute the filtrate to 100 mL
with carbon dioxide-free waterR.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).

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 water Rand 0.1 mL of
phenolphthalein 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 water Rand
0.1 mL of bromocresol green solution R. Not more than
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____________________ PhEur

PhEur _

Solubility
Soluble in cold water, freely soluble in boiling water.

It decomposes on contact with certain organic substances.

____________________ PhEur

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless,
transparent crystals.

Solubility
Very soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Specific optical rotation (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).

TESTS
Solution S
Dissolve 5.000 g in carbon dioxide-free waterR, prepared from
distilled waterR, 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) Method11).

Acidity or alkalinity
To 5 mL of solution S, add 0.1 mL of phenolphthalein
solution R. Not more than 0.5 mL of 0.01 M hydrochloric acid
or 0.01 M sodium hydroxideis 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 with waterR.

Sulfates (2.4.13)
Maximum 50 ppm.

Dissolve 1.0 g in distilled water R and dilute to 15 mL with
the same solvent. Prepare the reference solution with a
mixture of 5 mL of sulfatestandard solution (10 ppm SO-J R
and 10 mL of distilled waterR.

Ammonium (2.4.1)
M~um 40 ppm, determined on 5 mL of solution S.

Barium and oxaIates
To 5 mL of solution S, add 3 mL of calcium sulfate
solution R. Allow to stand for 5 min. Any opalescence in the
solution is not more intense than that in a mixture of 3 mL
of calcium sulfatesolution 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 water R.

Water (2.5.12)
24.0 per cent to 26.5 per cent, determined on 50.0 mg.
Use 50 mL of anhydrous methanolR. Titrate slowly.

ASSAY
To 0.100 g of finely powdered substance add 40 mL of
anhydrous acetic acid R and 20 mL of acetic anhydride R.
Titrate slowly 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 10.51 mg of
C4H4KNa06.

6381-59-5282.2

Action and use
Excipient.

Potassium Sodium Tartrate
Tetrahydrate
(Ph. Eur. monograph 1986)

DEFINITION
Potassium sodium (+)-(2R,3R)-2,3-dihydroxybutanedioate
tetrahydrate.

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

IDENTIFICATION
A. Dissolve about 50 mg in 5 mL of waterR and add 1 mL
of ethanol (96 per cent) Rand 0.3 mL of dilute sodium
hydroxidesolution R. A green colour develops. 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 g in 25 mL of distilled waterR, add 3 mL of
ethanol (96 per cent) R and boil for 2-3 min. Cool, dilute to
30 mL with distilled waterR and filter.

Appearance of solution
Solution S is colourless (2.2.2) Method 11).

Substances insoluble in water
Maximum 1.0 per cent.

Dissolve 0.5 g in 50 mL of water R and heat to boiling. Filter
through a taredsintered-glass filter (16) (2.1.2). Wash with
waterR until the filtrate is colourless and collect the residue
on the filter. The residue, dried in an oven at 100-105 DC,
weighs a maximum of 5 mg.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 10 mL of solution S to 15 mL with water R.

Sulfates (2.4.1$)
Maximum 500 ppm.

Dilute 12 mL of solution S to 15 mL with distilled waterR.

ASSAY
Dissolve 0.300 g in waterR and dilute to 100.0 mL with the
same solvent. To 20.0 mL of the solution add 20 mL of
water R, 1 g of potassium iodide Rand 10 mL of dilute
hydrochloric acid R. Titrate the liberated iodine with 0.1 M
sodium thiosulfate, using 1 mL of starch solution R as indicator.

1 mL of 0.1 M sodium thiosulfate is equivalent to 3.160 mg of
KMn04 •
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Potassium sorbate
(Ph. Bur. monograph 0618)

150.2 590-00-1

to stand for 30 min. Any colour in the solution is not more
intense than that in a standard prepared at the same time by
adding 1 mL of decolorised fuchsin solution R to a mixture of
1.5 mL of acetaldehyde standard solution (l00 ppm C2H 40) 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.

7778-80-5

Action and use
Antimicrobial preservative.

PhEur _

DEFINITION
Potassium (E,E)-hexa-2,4-dienoate.

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. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg in water R 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 add.

Spectral range 230-350 mn.

Absorption maximum At 264 nm.
Specific absorbance at the absorption maximum 1650 to 1900.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison potassiumsorbate CRS.

C. Dissolve 1.0 gin 50 mL of waterR, add 10 mL of dilute
hydrochloric acid R and shake. Filter the crystalline precipitate,
wash with water R and dry in vacuo over sulfuric acidR 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
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 not more intensely coloured
than reference solution Ys (2.2.2, Method II).

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 hydroxide
or 0.1 NI hydrochloric acid is required to change the colour of
the indicator.

Aldehydes
Maximum 0.15 percent, expressed as CZH40.

Dissolve 1.0 g in a mixture of 30 mL of waterRand 50 mL
of 2-propanol R, adjust to pH 4 with 1 NI hydrochloric acid
and dilute to 100 mL with waterR. To 10 mL of the
solution add 1 rnL of decolorised fuchsin solution R and allow

ASSAY
Dissolve 0.120 gin 20 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchloric acid using 0.1 mL of crystal violet
solution R as indicator until the colour changes from violet to
bluish-green.

1 mL of 0.1 M perchloric acid is equivalent to 15.02 rng
ofC6H7KOz·

STORAGE
Protected from light.
____________________ PhEur

Potassium Sulfate
Potassium Sulphate

(ph. Bur. monograph 1622)

KZS0 4 174.3
PhEur _

DEFINITION
Content
98.5 per cent to 101.0 per cent ofKzS0 4 (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline 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 gin 90 mL of carbon dioxide-free waterR
prepared from distilled waterR, heating gently. Allow to cool
and dilute to 100 mL with carbon dioxide-free waterR
prepared from distilled waterR.

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 rnL of bromothymol blue
solution Rl, Not more than 0.5 mL of 0.01 M hydrochloric
acid or 0.01 M sodium hydroxide is required to change the
colour of the indicator.

Chlorides (2.4.4)
Maximum 40 ppm.

Dilute 12.5 mL of solution S to 15 mL with waterR.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 rnL with distilled waterR.

Iron (2.4.9)
Maximum 10 ppm, determined on 10 mL of solution S.
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Magnesium
Maximum 20 ppm.

To S mL of solution S add 5 mL of waterR, 1 mL of glycerol
(85 per cent) R, 0.15 mL of titanyellowsolution R, 0.25 mL of
ammonium oxalate solution R and 5 mL of dilute sodium
hydroxide solution R and shake. Any pink colour in the test
solution is not more intense than that in a standard prepared
at the same time and in the same manner using a mixture of
1 mL of magnesium standardsolution (10 ppm Mg) R and
9 mL of waterR.

Sodium
Maximum 0.10 per cent.

Atomic emission spectrometry (2.2.22) Method I).

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 Dissolve in waterR 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 ug ofNa per
millilitre). Dilute as required.

Wavelength 589 om.

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 acidicion-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 waterR.
Dissolve 0.600 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 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. 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 potentiometrically (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 87.15 mg of
KZS04•

_____________________ PhEur

Povidone'
(Ph. Bur. monograph 0685)

o

9003-39-8

Action and use
Disinfectant.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoe£al harmonisation.

Povidone 11-681

Preparations
Povidone-Iodine Eye Drops

Povidone-Iodine Mouthwash

Povidone-Iodine Solution

PhEur _

DEFINITION
ct-Hydro-o-hydropoly]1-(2-oxopyrrolidin-1-yl)ethylene].
It consists of linear polymers of l-ethenylpyrrolidin-2-one.

Content
11.5 per cent to 12.8 per cent of nitrogen (N; A r 14.01)
(anhydrous substance).

The different types of povidone are characterised by their
viscosity in solution expressed as a nominal K-value.
The nominal K-value is 10 to 120.

+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 Sl (see Tests) add 0.2 mL of
dimethylaminobenzaldehyde solution R1 and 0.1 mL of sulfuric
acidR. A pink colour is produced.

C. To 0.1 mL of solution Sl add 5 mL of water Rand
0.2 mL of 0.05 M iodine. A red colour is produced.O

D. To 0.5 g add 10 mLof waterR and shake. The substance
dissolves.

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and 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
2S 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, BY6 or R, (2.2.2~ Method11).+

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 h and 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

www.webofpharma.com



11-682 Povidone

the K-value using the following expression:

1.510gvrel -1 V300clOgvrel + (c+ 1.5clogvrel)z
-0-.1-5-:+:"-0-.-00-3-c + 0.15c+0.003cz

concentration of the substance to be examined (anhydrous
substance), in grams per 100 mL;

Vre! kinematic viscosity of the solution relative to that of waterR.

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-value of povidone having a nominal K-value of more
than 15 is 90.0 per cent to 108.0 per cent of the nominal
value.

Aldehydes
Maximum 500 ppm, expressed as acetaldehyde.

Testsolution Dissolve a quantity of the substance to be
examined equivalent to 1.0 g of anhydrous substance in
phosphate buffersolution 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 water R and dilute to 200.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 100.0 mL
with phosphate buffersolution, 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 waterR
(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 DC for 2-3 min and measure the absorbance (1'.2.25)
of each solution at 340 nm, using water R 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 water R as the compensation
liquid.

Calculate the content of aldehydes using the following
expression:

(Atz -Atl) - (AbZ -Abl) 100 000 x C
-=--------=--....:....-...:...:....--.:..:.;.. X -----
(Asz -AsI ) - (AbZ-Abl) m

Ad absorbance of the test solution before the addition of aldehyde
dehydrogenase;

Aa absorbance of the test solution after the addition of aldehyde
dehydrogenase;

As! absorbance of the reference solution before the addition of
aldehyde dehydrogenase;

Asz absorbance of the reference solution after the addition of
aldehyde dehydrogenase;

Ab1 absorbance of the blank.before the addition of aldehyde
dehydrogenase;

Abz absorbance of the blank after the addition of aldehyde
dehydrogenase;

m mass of the substance to be examined (anhydrous substance) in
the test solution, in grams;

C concentration of acetaldehyde in the reference solution,
calculated from the mass of acetaldehyde ammoniatrimer
trihydrate R with the factor 0.72, in milligramsper millilitre.

Peroxides
Maximum 400 ppm, expressed as HzOz.
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 trichloride-sulfuric acid reagent R. Allow to stand for
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30 min. The absorbance (2.2.25) of the solution, measured
at 405 nm using a mixture of 25.0 mL of the stock solution
and 2.0 mL of a 13 per cent V/V solution of sulfuric acid R as
the compensation liquid, is not greater than 0.35.

Formic acid
Liquid chromatography (2.2.29).

Test solution 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 em 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 waterR. Pour 5 mL of
waterR 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 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.

Column:
- size: 1= 0.30 m, 0 = 7.8 mrn;
- staiionary phase: strongly acidic ion-exchange resin R for

column chromatography (9 J.LIIl);
- temperature: 35 0 C.
Mobile phase Dilute 1 mL of perchloric add R to 700 mL
with waterfor chromatography R.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 210 nm.

Injection 50 ilL.
Retention time Formic acid = about 8 min.

System suitability Reference solution:
- repeatability: maximum relative standard deviation of

2.0 per cent determined on 6 injections;
- numberof theoretical plates: minimum 10"00;
- symmetry factor: 0.5 to 1.5.

Calculate the percentage content of formic acid using the
following expression:

Al M
-x
Az m

A! area of the peak due to formic acid in the chromatogram
obtained with the test solution;

Az area of the peak due to formic acid in the chromatogram
obtained with the reference solution;

m mass of the substance to be examined (anhydrous substance) in
the test solution, in grams;

M mass of anhydrous formicacidR in the reference solution, in
grams.

Limit:
- formic acid: maximum 0.5 per cent.

Hydrazine
Thin-layer chromatography (2.2.27). Use freshly prepared
solutions.

Testsolution 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 gIL solution of
salicylaldehyde R in methanol R, mix and heat in a water-bath
at 60 DC for 15 min. Allow to cool, add 2.0 mL of toluene R,
shake vigorously for 2 min and centrifuge. Use the upper
layer.
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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 gelF254 plate R.
Mobz1e phase waterR, methanol R (1:2 VIV').

Application 10 j.tL.

Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 365 nm.

Retardation factor Salicylaldehyde azine =about 0.3.

Limit:
- hydrazine: any spot due to salicylaldehyde azine is not

more intense than the spot in the chromatogram obtained
with the reference solution (1 ppm).

Impurity A
Liquid chromatography (2.2.29).

Test solution: 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. ':' .; '

Referenc~,sol~'tion (aX, .: Dissolve 50.0 mg of 1-vinylpyrrolidin-2
oneR (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 mL 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 1-vinylpyrrolidin-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 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 um).

Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 40°C.

Mobile phase acetonitrile for chromatography R, water for
chromatography R (10:90 VIV').

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 235 nm.

Injection 20 ul.; Oafter each injection of the test solution,
wait for about 2 min and wash the pre column by passing the
mobile phase through the column backwards for 30 min at
the same flow rate as applied in the test.

Relative retention 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: maximum relative standard deviation of
2.0 per cent determined on 6 injections of reference
solution (a).

Povidone 11-683

Calculate the content of impurity A in parts per million using
the following expression:

Al 2.5
-x
Az m

Al area of the peak due to impurity A in the chromatogram
obtained with the test solution;

Az area of the peak due to impurity A in the chromatogram
obtained with reference solution (a);

m mass of the substance to be examined (anhydrous substance) in
the test solution, in grams.

Limit:
- impurity A: maximum 10 ppm.

ImpurityB
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
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 ID, 0 = 4.0 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 40 "C.
Mobz1e phase methanol R2, water for chromatography R
(5:95 VIV).

Flowrate 0.8 mL/min.

Detection Spectrophotometer at 205 nm.

Injection 50 j.tL; 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 test.O

Retention time Impurity B = about 7 min.

System suitability Reference solution:
- repeatability: 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:

Al 0.3
-x
Az m

Al area of the peak due to impurity B in the chromatogram
obtained with the test solution;

Az area of 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:
- impurity 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.
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ASSAY
Place 0.100 g of the substance to be examined em mg) in a
combustion flask and add 5 g of a mixture of 1 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 sulfuric acid R, 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 waterR, 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 ofa
40 gIL solution of boric acidR, 3 drops of bromocresol green
methylred solution 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
cautiously with 10 mL of waterR, immediately close the
clamp on the rubber tube, then start distillation with steam
to obtain 80-100 mL of distillate. Remove the absorption
flask from the lower end of the condenser tube, rinsing the
end part with a small quantity of waterR, and titrate the
distillate with O. 025 M sulfuric acid until the colour of the
solution changes from green through pale greyish blue to pale
greyish reddish-purple. Carry out a blank determination.

1 mL of 0.025 M sulfuric acid is equivalent to 0.700 mg ofN.

+STORAGE
In an airtight container.•

LABELLING
The label states the nominal K-value.

IMPURITIES

A. l-ethenylpyrrolidin-2-one (l-vinylpyrrolidin-2-one),

B. pyrrolidin-2-one (2-pyrrolidone).

FUNCTIONALIlY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for one or more
functions of the substance when used as 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 also represent mandatoryquality
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 productby improoing the consistency
of the manufacturing process and the performance of the medicinal
product during use. W'here control methods are cited, they are
recognised as being suitable for the purpose, but othermethods can
also be used. W'herever results for a particular characteristic are
reported, the control methodmust be indicated.

Thefollowing characteristics may be relevant for povidone usedas
solubiliser and stabiliser in liquiddo~age forms.

2020

Viscosity (2.2.9)
Determine the dynamic viscosity using a capillary viscometer
on a 10 per cent solution (dried substance) at 25 DC. 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 following characteristic may be relevant forpovidone used as
binder in tablets and granules.

Molecular mass
(see Viscosity, expressed asK-value). Typical values are
shown in Table 0685.-1.

Table 0685.-1. - Typicalviscosity ranges and ranges for
viscosity, expressed as K-value

Viscosity range (ml'a-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 3.5-5.5 24-27

Povidone K 30 5.5-8.5 28-32

Povidone K 90 300-700 85-95

_____________________ PhEur

Iodinated Povidone
(ph. Bur. monograph 1142)

Action and use
Antiseptic.

Preparations
Povidone-Iodine Eye Drops

Povidone-Iodine Mouthwash

Povidone-Iodine Solution

PhEur _

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 formic 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.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison iodinated povidone CRS.

B. Dissolve 10 mg in 10 mL of water R and add 1 mL of
starch solution R. An intense blue colour is produced.
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PhEur -----'-_

____________________ PhEur

STORAGE
Protected from light.

40 ..... 80

Mobile phase B
(per cent VIJl)

Mobile phase A
(per cent V/JI)

60 -> 200-15

Time
(min)

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 spectrophotometry (2.2.24).

Comparison pramipexole dihydrochloride monohydrate CRS.

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, Method II).

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 water R and dilute to
20 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Buffer solution Dissolve 5 g of sodium octanesulfonate
monohydrate Rand 9.1 g of potassiumdihydrogen phosphate R
in 900 mL of waterR. Adjust to pH 3.0 with phosphoric
acidR and dilute to 1000 mL with waterR.

Solventmixture 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 (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL ofthis
solution to 10.0 mL with the solvent mixture.

Reference solution (bJ Dissolve 7.s mg of pramipexole for
system suitabilityCRS (containing impurities A, B and C) in
5.0 mL of the solvent mixture.

Column:
- size: 1=0.125 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.U11);
- temperature: 40°C.

Mobz7e phase:
- mobile phase A: buffer solution;
- mobile phaseB: acetonitrile R, buffer solution (50:50 VIV);

191217-81-9302.3

Pramipexole Dihydrochloride
Monohydrate
(Ph. Bur. monograph 2416)

Action and use
Dopamine receptor agonist; treatment of Parkinson's disease.

Preparations
Pramipexole Tablets

Pramipexole Prolonged-release Tablets

TESTS
pH (2.2.3)
1.5 to 5.0.

Dissolve 1.0 g in 10 mL of carbon dioxide-free water R.

Iodide
Maximum 6.0 per cent (dried substance).

Dissolve 0.500 gin 100 mL of water R. Add sodium
metabisulfite R until the colour of the iodine has disappeared.
Add 25.0 mL of 0.1 M si/:uer nitrate, 10 mL of nitric acidR
and 5 mL offerric ammonium sulfate solution R2. Titrate with
0.1 M ammonium thiocyanate. Carry out a blank titration.

1 mL of 0.1 M silvernitrrztz 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, detennined on 0.500 g by drying in
an oven aLIOS °C..fOr 3 h.

Sulfatedash (2.4.J1J
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Transfer hOOO g into a ground-glass-stoppered flask
containing 150 mLof mater R and stir for 1 h. Add 0.1 mL
of dilute acetic acid R and titrate with 0.1 M sodium thiosulfate
using starch solution R as indicator.

1 mL of 0.1 M sodium thiosuQate is equivalent to 12.69 mg of
available iodine.

DEFINITION
(6S)-6-N-Propyl-4,5,6,7-tetrahydro-1,3-benzothiazole-2,6
diamine dihydrochloride monohydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 264 nm.

Injection 5 ilL.
Identification of impurities Use the chromatogram supplied
with pramipexole for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band C.
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____________________ PhEur

81131-70-6

(Ph. Eur. monograph 2059)

C23H3SNa07 446.5

E. N- [(6S)-2-amino-4,S,6,7-tetrahydro-1 ,3-benzothiazol-6-yl]
propanamide.

D ..(6R)-6-N-propyl-4,5,6,7-tetrahydro-1,3-benzothiazole-2,6
diamine,

1 mL of 0.1 M szlver nitrate is equivalent to 14.213 mg of
C lOH19ClzN3S.

IMPURITIES
Specified impurities A~ B~ C~ D.
Other detectable impurities (thefollowing substances toould, if
present at a sufficient leuel, bedetected by one or other of the tests
in the monograph. They are limited by the general acceptance
criterion for otheriunspecified impurities andlor by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impuritiesfor
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) E.

A. (6S)-4,S,6,7-tetrahydro-1,3-benzothiazole-2,6-diamine,

Pravastatin Sodium

B. (6S)-N~N'-dipropyl-4,5,6,7-tetrahydro-I,3-benzothiazole
2,6-diamine,

C. mixture of diastereoisomers of (6S)-6-N-[3-[[(6S)-2
amino-4,S,6,7-tetrahydro-1 ,3-benzothiazol-6-yl]amino] -1
ethyl-2-methylpropyl]-4,S,6,7-tetrahydro-1,3
benzothiazole-2,6-diamine,

Action and use
HMG Co-A reductase inhibitor; lipid-regulating drug.

Preparation
Pravastatin Tablets

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 suitabzIity Reference solution (b):
- resolution: minimum 6.0 between the peaks due to

impurity A and pramipexole.

Limits:
- impurities A~ 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 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: o.s times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Enantiomeric purity
Liquid chromatography (2.2.29).

Testsolution Dissolve 6 mg of the substance to be examined
in 5 rnL of anhydrous ethanolR and dilute to 20.0 mL with
the mobile phase.

Reference solution (a) Dissolve 2 mg of pramipexole
impurity D CRS in the mobile phase and dilute to 10 mL
with the mobile phase. To 1 rnL of this solution add 1 mL of
the test solution and dilute to 20 rnL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 rnL of this
solution to 10.0 mL with the mobile phase.

Column:
- size: I = 0.25 m, 0= 4.6 mrn;
- stationary phase: silica gelAD for chiral separation R.
Mobile phase diethylamine R, anhydrous ethanol R, hexane R
(0.1:15:85 VIVIV).

Flow rate 1.5 mLImin.
Detection Spectrophotometer at 254 nm.

Injection 75 ilL.

Run time 1.5 times the retention time of pramipexole.

Relative retention With reference to pramipexole (retention
time = about 11 min): impurity D = about 0.5.

System suitability:
- resolution: minimum 5 between the peaks due to

impurity D and pramipexole in the chromatogram
obtained with reference solution (a);

- symmetry factor. maximum 2.4 for the peak due to
pramipexole in the chromatogram obtained with reference
solution (b).

Limit:
- impurityD: 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 per cent 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 mL of water R. Add 10 mL of 3 M
nitric acid and titrate with 0.1 .LVI silver nitrate, determining the
end-point potentiometrically (2.2.20).
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PhEur _

CH ~C02Na

H~;~... H.... OH "'OH

I .... H 0 0 H

I .'H;- CH
3.. H3C····~

HO' H H

DEFINITION
Sodium (3R,5R)-3,5-dihydroxy-7-[(lS,2S,6S,8S,8aR)-6
hydroxy-2-methyl-8- [[(2S)-2-methylbutanoyl]oxy]-
1,2,6,7, 8,8a-hexahydronaphthalen-1-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. 1 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 notmore intensely coloured
than reference solution BY6 (2.2.2, Method II).

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 substance).

Dilute 2.0 mL of solution S to 20.0 mL with waterR.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture methanol R, waterR (9:11 VIV).
Testsolution (a) Dissolve 0.1000 g of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.

Testsolution (b) Dilute 10.0 mL of test solution (a) to
100.0 mL with the solvent mixture.

Reference solution (a) Dissolve the contents of a vial of
praoastatin impurityA 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 (c) Dissolve 12.4 mg of pravastatin
1,1,3,3-tetramethylbutylamine CRS in the solvent mixture and
dilute to 100.0 mL with the solvent mixture.

Column:
- size: l = 0.15 m, (2) = 4.6 mID;

Pravastatin Sodium 11-687

- stationary phase: octadecylsilyl silica gel for chromatography R
(5 !J111); .

- temperature: 25°C.

Mobile phase glacial acetic acidR, triethylamine R, methanol R,
waterR (1:1:450:550 VIVIVIV).
Flow rate 1.3 mLlmin.

Detection Spectrophotometer at 238 nm.

Injection 10 ul, oftest solution (a) and reference
solutions (a) and (b).

Run time 2.5 times the retention time of pravastatin.

Relative retention With reference to pravastatin (retention
time = about 21 min): impurity F = about 0.1;
impurity B = about 0.2; impurity E = about 0.3;
impurity G = about 0.4; impurity A = about 0.6;
impurity D = about 1.9; impurity C = about 2.1.

Systemsuitability Reference solution (a):
- resolution: minimum 7.0 between the peaks due to

impurity A and pravastatin.

Limits:
- impurity A: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- 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 than
0.75 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
0.5 times 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)
(0.6 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).

Ethanol (2.4.24, System A)
Maximum 3.0 per cent.

Water (2.5.12)
Maximum 4.0 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 (b) and reference solution (c).

Calculate the percentage content of C23H3SNa07 using the
chromatogram obtained with reference solution (c) and the
declared content of pravastatin in prauastatin 1,1,3,3
tetramethylbutylamine CRS.
1 mg of pravastatin is equivalent to 1.052 mg of pravastatin
sodium.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B, C, D, B, F, G.
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11-688 Prazepam

A. (3R,5R)-3,5-dihydroxy-7-[(IS,2S,6R,8S,8aR)-6-hydroxy
2-methyl-8-[[(25)-2-methylbutanoyl]oxy}·1,2,6, 7,8,8a
hexahydronaphthalen-l-yl]heptanoic acid (6'
epipravastatin),

B. (3R,5R)-3,5-dihydroxy-7-[(IS,2S,6S,8S,8aR)-6-hydroxy
8-[[(2S,3R)3-hydroxy-2-methylbutanoyl]oxy]-2-methyl
1,2,6,7,8,8a-hexahydronaphthalen-I-yl]heptanoic acid
(3"-(R)-hydroxypravastatin),

2020

CH H-, pH . (C0
2H

H~;~"-~.•OH

I .... H OH H

I ····H

HO H

F. (3R,5R)-7-[(IS,2S,6S,8S,8aR)-6,8-dihydroxy-2-methyl
1,2,6,7,8,8a-hexahydronaphthalen-l-yl]-3,5
dihydroxyheptanoic acid,

CH~.C02H

H%=~... H.... OH "'.OHI . H
~.

~I

OH
cr. (3R,5R)-3,5-dihydroxy-7-[(IS,2S)-6-hydroxy-2-methyl

1,2-dihydronaphthalen-I-yl]heptanoic acid.
___________________ PhEur

CH C02H

H 1 li H...•OH (

~
_'~" OH

I .o.·H 0 0 H

I o'H

/ H'C~CH3
HO H H

c. (3R,5R)-3,5-dihydroxy-7-[(IS,2S,6S,8S,8aR)-6-hydroxy2
methyl-8-[[(2S)-2-methylpentanoyl]oxy]
1,2,6,7,8,8ahexahydronaphthalen-I-yl]heptanoic acid,

Prazepam
(Ph. Bur. monograph 1466)

**** ** *<;»

PhEur -'--__

DEFINITION
7-Chloro-l-(cyc1opropylmethyl)-5-phenyl-l ,3-dihydro-2H
1,4-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 anhydrous ethanol.

mp
About 145°C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison prazepam CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

o

CH3~
H~.i H.__ H..... ."'OH
I .... H 0 0 H

I '0. Y-
:' H~~""~CH3

HO· H H

D. (IS,3S,7S,8S,8aR)-3-hydroxy-8-[2- [(2R,4R)-4-hydroxy-6
oxotetrahydro-2H-pyran-2-yl] ethyl]-7-methyl
1,2,3,7,8,8ahexahydronaphthalen-l-yl (2S)-2
methylbutanoate (pravastatin lactone),

CH H. pH (C02H

H~jli...~.OH..••. OH

I »: H 0 0 H

I .. ~"H ..' CH
3

.. H3C' "-
He) H HH 'OH

E. (3R,5R)-3,5-dihydroxy-7-[(IS,2S,6S,8S,8aR)-6-hydroxy
8- [[(2S,3S)3-hydroxy-2-methylbutanoyl]oxy]-2-methyl
1,2,6,7,8,8a-hexahydronaphthalen-l-yl]heptanoic acid
(3 , '-(S)-hydroxypravastatin),

Action and use
Anxiolytic.

324.8 2955-38-6
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Solvent mixture acetonitrile R1, waterfor chromatography R
(50:50 V/V).

Test solution Dissolve 50 mg of the substance to be
examined in 25 mL of acetonitrile R1 and dilute to 50.0 mL
with waterfor chromatography R.

Reference solution (a) Dissolve 5 mg of
aminochlorobenzophenone R (impurity C) in acetonitrile Rl 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.

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 =4.6 mm;
- stationaryphase: end-capped extra-dense bonded octadecylsilyl

, silicagelfor chromatography R (1.8 urn);
- temperature: 55°C.

Mobilephase: _
- mcbiiephaseAi.methanol R1, waterfor chromatography R

(5:95 VIV);
- mobilephaseii:methanolRl, acetonitrile Rl (5:95 V/V);

Time
(min)

0-0.5

0.5 - 6.5

6.5 - 8.5

Mobile phase A
(per cent VIV)

55

55 -> 15

15

Mobile phase B
(per cent V/J/)

45

45 ~ 85

85

IMPURITIES
Otherdetectable impurities (thefollowing substances axndd, if
present at a sufficientleoel, be detected by oneor otherof the tests
in the monograph. They are limited by thegeneral 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 for pharmaceutical use) A~ B~ C~ D.

A. 7-chloro-5-phenyl-1 ,3-dihydro-2H-1,4-benzodiazepin-2
one· (nordazepam),

~

~.
NH

~ I 0
CI

I~
#

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 235 nm.

Injection 2 j.lL.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due 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 of percentage 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°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 anhydrous acetic acid R. 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 32.48 mg of
C19H17CINzO.

STORAGE
Protected from light.

B. [5-chloro-2-[(cyclopropylmethyl)amino]phenyl]
phenylmethanone,

C. (2-amino-5-chlorophenyl)phenylmethanone
(aminochlorobenzophenone),

~o

~
I N~Br

CI ~ 0

I~
.#

D. N-(2-benzoyl-4-cWorophenyl)-2-bromo-N
(cyclopropylmethyl) acetamide.

_____________________ PhEur
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PhEur ----------

(Ph. Bur. monograph 0855)

Flow rate 1 mLlmin.

Detection Spectrophotometer at 210 nm.

Injection 20 ul, of test solution (a) and reference
solutions (b) and (c).

Run time 4 times the 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) to
identify the peaks due to impurities A and B.

Relative retention With reference 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 peaks due to

impurity A and praziquantel.

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 than twice the

area of the principal 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 (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 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 SO °C over diphosphorus pentoxide R at a pressure
not exceeding 0.7 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 C19H2~202 taking into
account the assigned content of praziquantel CRS.

STORAGE
Protected from light.

Li\'lPURITIES
Specified impurities A~ B.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one orother of the tests
in the monograph. They arelimited by thegeneral 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 for pharmaceutical use) C.

55268-74-1

and enantiomer

312.4

Action and use
Anthelminthic.

Praziquantel

DEFINITION
(11bRS)-2-(Cyclohexylcarbonyl)-1,2,3,6,7,11b-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 soluble in water, freely soluble in ethanol
(96 per cent) and in methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison praziquantel CRS.

If the spectra obtained show differences, dissolve SO 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).

Testsolution (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.

Testsolution (b) Dilute 5.0 mL of test solution (a) to
100.0 mL with the mobile phase.

Reference solution (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
mobile phase.

Reference solution (b) Dissolve 2 fig of praziquantel for system
suitability CRS (containing impurities A and B) in the mobile
phase and dilute to 10.0 mL with the mobile phase.

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 mL with the mobile phase.

Column:
- size: l =0.25 m, 0 =4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase acetonitrile Rl, water for chromatography R
(45:55 VIV)o
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PhEur _

Solubility
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent) and in methanol, practically insoluble in
acetone.

IDENTIFICATION
Firstidentification: B, D.

Second identification: A, C, D.

A. Dissolve 50.0 mg in a 0.1 per cent V/V solution of
hydrochloric acid R in methanol R and dilute to 100.0 mL with
the same acid solution. Dilute separately 1.0 mL and 5.0 mL
of this solution to 100.0 mL with a 0.1 per cent V/V solution
of hydrochloric acidR in methanol R (solution A and
solution B, respectively). Examined between 220 nm and
280 nm (2.2.25), solution A shows an absorption maximum
at 247 nm. The specific absorbance at the maximum is
1320 to 1400. Examined between 280 nm and 400 nm,
solution B shows 2 absorption maxima, at 330 nm and
343 nm.The specific absorbances at the maxima are 260 to
280 and 240 to 265, respectively.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison .prazosin hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Testsolution 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 methylene
chloride R and dilute to 10 mL with the same mixture of
solvents.

Reference solution Dissolve 10 mg of prazosin
hydrochloride CRS in a mixture of 1 volume of diethylamine R,
10 volumes of methanol Rand 10 volumes of methylene
chloride R and dilute to 10 mL with the same mixture of
solvents.

Plate TLC silica gelGF254 plateR.

Mobile phase diethylamine R, ethylacetate R (5:95 VlV).

Application 10 ilL.
Development Over 2/3 of the plate.

Drying In a current of warm 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
reference solution.

D. Dissolve about 2 mg in 2 mL of waterR. The solution
gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 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) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Use 1.0 mL of this solution
to dissolve the contents of a vial of prazosin impurity A CRS.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
'- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

19237-84-4

• Hel

and enantiomer

419.9

(Ph. Bur. monograph 0856)

DEFINITION
[4-(4-Arnino-6,7-dimethoxyquinazolin-2-yl)piperazin-l-yl]
(furan-2-yl)methanone hydrochloride.

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

CHARACTERS
Appearance
White or almost white powder.

C. N-fonnyl-N-[2-oxo-2-(1-oxo-3,4-dihydroisoquinolin-2
(1H)-yl) ethyl] cyclohexanecarboxamide.

Action and use
Alpha1-adrenoceptor antagonist.

Preparation
Prazosin Tablets

Prazosin Hydrochloride

A. (11bRS)-2-benzoyl-1,2,3,6,7,llb-hexahydro-4H-pyrazino
[2,l-a]isoquinolin-4-one,

____________________ PhEur

B. 2-(cyclohexylcar~nyl)-2,3,6,7-teriahydro-4H-pyrazino
[2, I-a] isoquinolin-d-one,
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11-692 Prazosin Hydrochloride

Mobile 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 1 mUmin.

Detection Spectrophotometer at 254 nm..
Injection 20 J1L.
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.

Relativeretention With reference to prazosin (retention
time= about 8 min): impurity A = about 0.8.

System suitaln1ity Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurity A and prazosin.

Calculation ofpercentage contents:
- for each impurity, use the concentration of prazosin

hydrochloride in reference solution (a).

Limits:
- impurityA: maximum 0.2 per cent;
- unspecified impurities: 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).

Testsolution 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 1 h.
Cool, dissolve the residue in 20 mL of dilute hydrochloric
acidR, evaporate to about 5 mL and dilute to 25.0 rnL with
dilute hydrochloricacid R.
Reference solutions Prepare the reference solutions using iron
standard solution (8 ppm Fe) R, diluted as necessary with
waterR.

Source Iron hollow-cathode lamp.

Wavelength 248 nrn.

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 to avoid overheating £71 the reaction medium, mix
thoroughly throughout the titration and stop the titration
immediately after the end-poimhas been reached.

Dissolve 0.350 g in a mixture of 20 mL of anhydrous formic
add Rand 30 mL of acetic anhydride R. Titrate quickly 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 41.99 mg of
C19HzzCINs04.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

2020

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the rests
in the monograph. They are limited by the general acceptance
criterion for otherlunspecified 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 for pharmaceutical use) B, C, D, E.

A. 2-chloro-6,7-dimethoxyquinazolin-4-amine,

B. (piperazin-l,4-diyl)bis [(furan-2-yl)methanone],

C. 6,7-dimethoxy-2-(pi~razin-l-yl)quinazolin-4-amine,

D. (furan-2-yl) (piperazin-l-yl)methanone,

E. 2,2'-{piperazin-l,4-diyl)bis(6,7-dimethoxyquinazolin-4
amine).

_____________________ PhEur
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PhBr _

DEFINITION
11f3-Hy<froxy-3,20~dioxopregna-1 ,4-diene-17,21-diyl
17-(ethylcarbonate) 21-propanoate.

Content
97.0 percent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, 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
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 percent) R, evaporate to dryness on a water-bath and
record new spectra using the residues.

B. Thin-layer chromatography (2.2.27).

Solvent mixture methanol R, methylene chloride R (10:90 VIV).

Testsolution Dissolve 10 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 10 mg of prednicarbate CRS
in the solvent mixture and dilute to 10.0 mL with the solvent
mixture.

Reference solution (b) Dissolve 5 mg of prednisolone
acetateCRS in 5.0 mL of reference solution (a).

Plate TLC silicagelF254 plate R.

Mobile phase Add a mixture of 1.2 volumes of waterRand
8 volumes of methanol R to a mixture of 15 volumes of
etherR and 77 volumes of methylene chloride R.

Application 5!JL.
Development Over 3/4 of the plate.

Drying In air.
Detection A Examine in ultraviolet light at 254 nm.

ResultsA 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 with alcoholic solution of sulfuric acid R;
heat at 120 DC 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 the chromatogram obtained with reference
solution (a).

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

TESTS
Specific optical rotation (2.2.7)
+ 60 to + 66 (dried substance).

Dissolve 0.250 g in ethanol (96 per cent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Testsolution 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 solution (a) Dissolve 3 mg of prednicarbate for
system suitability A CRS (containing impurities B, C, D, E
and F) in the mobile phase and dilute to 5.0 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 prednicarbate CRS
in the mobile phase and dilute to 50.0 mL with the mobile
phase.

Column:
- size: l =0.125 m, 0 = 4 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.l1TI).

Mobile phase acetonitrile R, waterR (50:60 VIV).

Flow rate 0.7 mUmin.

Detection Spectrophotometer at 243 nm.

Injection 20 ul, of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of prednicarbate.

Identification of impurities Use the chromatogram supplied
with prednicarbate for systemsuitability A CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities B, C, D, E and F.

Relativeretention 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.

System suitability 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 (b).

Limits:
- impurityF: maximum 0.8 per cent;
- impurity C: maximum 0.5 per cent;
- impurityE: maximum 0.3 per cent;
- impurities B, D: for each impurity, maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;..

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

73771-04-7

o 0

--0 O~CHs
)-0

o '---CHs

488.6

o

(Ph- Eur. monograph 1467)

Prednicarbate

Action and use
Glucocorticoid.
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_____________________ PhEur

Prednisolone

E. 11~-hydroxy-3,20-dioxopregna-I,4-dien-17,21-diyl
21-acetate 17-(ethylcarbonate) (prednisolone 21-acetate
17-ethylcarbonate),

o. 0

CH3 0-<'"
--0 CH}-o 3

o '-CH3

F. 11~-hydroxy-3,20-dioxopregn4ene-17,21-diyl

17-(ethylcarbonate) 21-propanoate (1,2
dihydroprednicarbate) .

o

o

- total: maximum 2.0 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.

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 C27H360S taking into
account the assigned content of prednicarbate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B~ C~ D~ E~ F.

Otherdetectable impurities (thefollowing substances toould, if
present at a sufficient leoel, be detected by one or otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/orby 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
in substances for pharmaceutical use) A.

(Ph. Eur. monograph 0353)

o

A. 11~,17,21-trihydroxypregna-l,4-diene-3,20-dione

(prednisolone),
o

360.4 50-24-8

o

Action and use
Glucocorticoid.

Preparations
PrednisoloneTablets

Gastro-resistant Prednisolone Tablets

B. 11~,21-dihydroxy..,3,20-dioxopregna-l,4-dien-l 7-yl ethyl
carbonate (prednisolone 17-ethylcarbonate),

C. 11~,17-dihydroxy-3,20-dioxopregna-l,4-dien-21-yl
propanoate (prednisolone 21-propanoate),

D. 11~,17-dihydroxy-3;20-dioxopregna"'l,4-dien-21-yl ethyl
carbonate (prednisolone 21-ethylcarbonate),

PhEur _

DEFINITION
11~,17,21-Trihydroxypregna-I,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
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 acetone R,
evaporate to dryness on a water-bath and record new spectra
using the residues.

o 0

CHs o-l(
-·OH O~

CHs

o

o
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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).

TESTS
Specific optical rotation (2.2.7)
+ 113 to + 119 (dried substance).

Dissolve 0.250 g in ethanol (96 per cent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Solvent mixture acetonitrile R, water R (40:60 VIV).

Test solution (a) Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Test solutio~/b)~ Dissolve 25.0 mg of the substance to be
examined in the .solvent mixture and dilute to 20.0 mL with
the solventmixture. Dilute 1.0 mL of the solution to
10.0 mL with the solvent mixture.

Reference soluiionI,a) Dissolve 5 mg of prednisolone for system
suitability CRS (containing impurities A, B·and C) in the
solvent mixture and dilute to 10.0 mL with the solvent
mixture.

Reference solution (b) Dissolve 5 mg of prednisolone for peak
identification DRS (containing impurities F and J) in the
solvent mixture and dilute to 10.0 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 mL 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 mL of the solution to 10.0 mL with the
solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationaryphase: end-cappedoctadecylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 40°C.

Mobz7e phase:
- mobilephaseA: water R;
- mobilephaseB: acetonitrile R, methanolR (50:50 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent V/Jl) (per cent V/Jl)

0-14 60 40

14 - 20 60 ~ 20 40 ~ 80

20 - 25 20 80

Flow rate 1 mL/min.

Detection Spectrophotometer at 254 nm.

Injection 10 ul, of test solution (a) and reference
solutions (a), (b) 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
chromatogram supplied with prednisolone for peak
identification CRS and the chromatogram obtained with
reference solution (b) to identify the peaks due to impurities
F and J.

Prednisolone II-695

Relatiueretention With 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 mitability Reference solution (a):
- peak-ro-valley ratio: minimum 3, 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
prednisolone.

Limits:
- im:puril:y A:. not more than 10 times the area of the

principal peak in the chromatogram obtained with
reference solution (c) (1.0 per cent);

- im:puril:y F: not more than 5 times the area of the principal
peak in the chromatogram obtained with reference
solution (c) (0.5 per cent);

- impurities B, C, J: for each impurity, not more than
3 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(03 per cent);

- rmspedfiedimpurities: 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 15 times the area of the principal
peak in the chromatogram obtained with reference
solution (c) (1.5 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).

Loss on drying (2.2.32)
Maximum. 1.0 per cent, determined on 0.500 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 (d).

Calculate the percentage content of CZIHz80S from the
declared content of prednisolone CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specifiedimpurities A, B, C, F, J.
Other detectable impurities (the following substances would, if
presentat a sufficient level, be detected by one or 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 use (2034). It is
thereft;re not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceuticaluse) D, E, G, H, 1.

o

A. 11p,17 ,21-trihydroxypregn-4-ene-3,20-dione
(hydrocortisone),
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o o

OH

B. 17,21-dihydroxypregna-l,4-diene-3,11,20-trione
(prednisone) ,

I. 11~,21-dihydroxypregna-l ,4-diene-3,20-dione (17
deoxyprednisolone),

o o

C. 11~,17-dihydroxy-3.,20-dioxopregna-l,4-dien-21-yl acetate
(prednisolone acetate),

J. 17,21-dihydroxypregna-I,4-diene-3,20-dione (11
deoxyprednisolone).

o

____________________ PhEur

Prednisolone Acetate
(ph. Bur. monograph 0734)

D. 6~,II~,17,21-tetrahydroxypregna-l,4-diene-3,20-dione

(6~-hydroxyprednisolone),

o

o

402.5 52-21-1

G. 11~,17,20~,21-tetrahydroxypregna-l ,4-dien- 3-one (20~

hydroxyprednisolone),

E. 11~,14ct,17,21-tetrahydroxypregna-l,4-diene-3,20-dione

(14ct-hydroxyprednisolone),

Action and use
Glucocorticoid.

Preparation
Prednisolone Acetate Injection

PhEur _

DEFINITION
11~,17-Dihydroxy-3,20-dioxopregna-l,4-dien-21-ylacetate.

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, slightly soluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION.
First identification: A J B.

Second identification: B, CJ D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisolone acetate CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution 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 (a) Dissolve 20 mg of prednisolone
acetate CRS in a mixture of 1 volume of methanol Rand

o

o

H. 11~,17,21-trihydroxyptegna-l,4,6-triene-3,20-dione (.16
_

prednisolone) ,

o

F. 11ct,17,21-trihydroxypregna-l,4-diene-3,20-dione (ll-epi
prednisolone) ,

www.webofpharma.com
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9 volumes of methylene chloride R and dilute to 20 mL with
the same mixture of solvents.

Reference solution (b) Dissolve 10 mg of prednisolone
pivalate CRS in reference solution (a) and dilute to 10 mL
with the same solution.

Plate .TLC silica gel F254 plate R.

Mobilephase 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~.·

Development Over a path of 15 cm.

Drying In air.

Detection A Examine in ultraviolet light at 254 run.

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 with alcoholic solution of sulfuric acid R.
Heat at 105 "C for 10 min or until the spots appear. Allow
to cool. Examine in daylight and in ultraviolet light at
365 nm.

System suitability Reference solution (b):
- the chromatogram obtained shows 2 clearly separated

spots.

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 run and size to the
principal spot in the chromatogram obtained with reference
solution (a).

e. Add about 2 mg to 2 mL of sulfuric acidR 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 the solution to 10 mL of waterR
and mix. The colour fades and there is greenish-yellow
fluorescence in ultraviolet light at 365 run.

D. About 10 mg gives the reaction of acetyl (2.3.1).

TESTS
Specific optical rotation (2.2.7)
+ 128 to + 137 (dried substance).

Dissolve 70.0 mg in methanolR2 and dilute to 20.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare thesolutions
immediately before use.

Buffer solution pH 4 Mix 1 volume of dilute hydrochloric
acidR, 5 volumes of a 68.1 gIL solution of sodium acetate R,
15 volumes of a 37.3 gIL solution of potassium chloride Rand
79 volumes of waterR.

Solvent mixture Mix equal volumes of acetonitrile Rand
buffer solution pH 4.

Testsolution Dissolve 25.0 mg of the substance to be
examined in methanolR and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 2 mg of prednisolone
acetate CRS and 2 mg of hydrocortisone acetate CRS
(impurity A) in 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 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

Prednisolone Acetate 11-697

the solvent mixture and dilute to 50 mL with the solvent
mixture.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40°C.

Mobilephase acetonitrile R, water R (350:650 VIV)o

Flow rate 1 mUmin.
Detection Spectrophotometer-at 254 nm.

Injection 20 IlL.
Run time 2.5 times the retention time of prednisolone
acetate.

Identification of impurities Use the chromatogram supplied
with prednisolone acetate 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 e = about 2.0.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

prednisolone acetate and impurity A.

Limits:
- impurities 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);

- impurity 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);

- 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 10 times the 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 mL with the same solvent. Dilute 2.0 mL of this
solution to 100.0 mL with ethanol (96 per cent) R. Measure
the absorbance (2.2.25) at the absorption maximum at
243 nm.

Calculate the content of eZ3H3006 taking the specific
absorbance to be 370.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
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demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) D, E.

Prednisolone Pivalate

1107-99-9444.6

Action and use
Glucocorticoid.

o

PhEur _

o 0

CH3 0.-(

"OH, "KCH
3

HaC CHa

(Ph. Bur. monograph 0736)

DEFINITION
11~,17-Dihydroxy-3,20-dioxopregna-l,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.

Solubility
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-sulfuric acidsolution R, mix and heat in a
water-bath at 60°C for 20 min. Cool immediately.
The absorbance (2.2.25) at the absorption maximum at
415 nm is 0.20 to 0.30.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisolone pivalate 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.

. C. Thin-layer chromatography (2.2.27).

Solventmixture methanol R, methylene chloride R (1:9 VlV).
Testsolution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution (a) Dissolve 10 mg of prednisolone
pivalateCRS in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution (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).

Plate TLC silica gelF254 plate R.

o

o

o

o

o

o

C. 17-hydrO$Y-3,20-dioxopregna-I,4-diene-II~,21-diyl

wacetate (prednisolone 11,21-diacetate),

D. 11~,17-dihydroxypregna-I,4-diene3,20-dione,

A. 11~,17-dihydroxy-3,20-dioxopregn-4-en-21-yl acetate
(hydrocortisone acetate),

___________.:....- PhEur

B. 11~, 17,21-trihydroxypregna-l,4-diene-3,20-dione
(prednisolone),

E. 17-hydroxy-3,20-dioxopregna-l,4,9(1l)-trien-21-yl
acetate.
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PhEur _

____________________ PhEur

125-02-0484.4

Action and use
Glucocorticoid.

Preparations
Prednisolone Enema

Prednisolone Gastro-resistant Tablets

Prednisolone Sodium Phosphate Ear Drops

Prednisolone Soluble Tablets

Prednisolone Sodium Phosphate Oral Solution

o

DEFINITION
11~,17-Dihydroxy-3,20-dioxopregna-l,4-dien-21-yldisodium
phosphate.

Prednisolone Sodium Phosphate
(ph. Eur. monograph 0735)

ASSAY
Dissolve 0.100 g in ethanol (96 per cent) R and dilute to
100.0 mL with the same solvent. Dilute 5.0 mL of this
solution to 250.0 mL with ethanol (96 per cent) 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.

STORAGE
Protected from light.

Retention time Prednisolone acetate = about 3.5 min;
cortisone acetate = about 4.5 min; prednisolone
pivalate = 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 impurity: 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) (1.0 per cent);

- total: not more than 1.25 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (2.5 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).

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

Mobilephase Add a mixture of 1.2 volumes of waterR and
8 volumes of methanol R to a mixture of 15 volumes of
etherR and 77 volumes of methylene chloride R.

Application 5 ~L.

Development Over a path of 15 cm.

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 with reference
solution (a).

Detection B Spray with 'alcoholic solution ofsulfuric acidR,
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 DID.

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 the .chromatogram obtained with reference
solution (a).

System suitability: Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

D. To 2 .ml, of sulfuric add 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 waterR
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 substance).

Dissolve 0.250 gin dioxanR and dilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 62.5 mg of the substance to be
examined in 2 mL of a mixture of 1 volume of waterR and
4 volumes of tetrahydrofuran 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 the test solution to
50.0 mL with the mobile phase.

Column:
- size: l = 0.15 m, 0 =4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobilephase Carefully mix 19 mL of butylacetate Rl with
37 mL of tetrahydrofuran R and 213 mL of ethylene glycol
monomethylether R, then add with 231 mL of waterR; mix,
allow to equilibrate for 1 h and filter through a 0.45 urn
filter.

Flow rate 1 mUmin.

Detection Spectrophotometer at 254 nm.

Equilibration With the mobile phase for about 30 min.

Injection 20 J-tL.
Run time 1.5 times the retention time of prednisolone
pivalate.
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Content
96.0 per cent to 103.0 per cent (anhydrous substance).

CHARACTERS
Appearance
\Vhite or almost white, hygroscopic, crystalline powder.

Solubility
Freely soluble in water} very slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
Firstidentification: B~ C.
Secondidentification: A, G~ D~ E.
A. Dissolve 10.0 mg in 5 mL of waterR 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-sulfuric acid solution R, mix and heat in a
water-bath at 60 "C for 20 min. Cool immediately.
The absorbance (2.2.25) at the absorption maximum at
415 urn is 0.10 to 0.20.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisolone sodium phosphate 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.

C. Thin-layer chromatography (2.2.27).

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

Reference solution (a) Dissolve 10 mg of prednisolone sodium
phosphate GRS in methanol R and dilute to 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 gelF254 plate R.
Mobile phase glacial acetic acidR, waterR, butanol R
(20:20:60 V/V/V).

Application 5 JIL.
Development 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 with reference
solution (a).

Detection B Spray with alcoholic solution of sulfuric acidR,
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 urn.

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 the chromatogram obtained with reference
solution (a).

System suitability Reference solution (b):
- the chromatogram shows 2 spots which may, however,

not be completely separated.

D. To 2 mL of sulfuric acidR add about 2 mg and shake to
dissolve. Within 5 min, an intense red colour develops. When

2020

examined in ultraviolet light at 365 urn, a reddish-brown
fluorescence is seen. Add this solution to 10 mL of uiaterR
and mix. The colour fades and there is a greenish-yellow
fluorescence in ultraviolet light at 365 nm.

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 water Rand
neutralise to redlitmus paperR with dilute ammonia R1.
The solution gives reaction (a) of sodium (2.3.1) and
reaction (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.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution B7 (2.2.2~ Method 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 waterR and dilute to 25.0 ml, with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 62.5 mg of the substance to be
examined in tbe mobile phase and dilute to 25.0 mL with
the mobile phase.

Reference solution (a) Dissolve 25 mg of prednisolone sodium
phosphate CRS 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.

Reference solution (b) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, (2) = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Into a 250 mL conical flask weigh 1.360 g of
potassium dihydrogen phosphate Rand 0.600 g of hexylamineR,
mix, allow to stand for 10 min, then dissolve in 185 mL of
water R; add 65 mL of acetonitrile R, mix, and filter through a
0.45 urn filter.

Flow rate 1 mUmin.
Detection Spectrophotometer at 254 nm,

Equilibration With the mobile phase for about 30 min.

Injection 20 ilL.
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 suitability Reference solution (a):
- resolution: minimum 4.5 between the peaks due to

prednisolone sodium phosphate and prednisolone; .
if necessary, increase the concentration of acetonitrile R or
waterR in the mobile phase.

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), and not more than
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PhEur _

Second identification: B, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisone 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 acetone R,
evaporate to dryness on a water-bath and record new spectra
using the residues.

B. Thin-layer chromatography (2.2.27).

Solventmixture 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
the solvent mixture.

Reference solution (a) Dissolve 20 mg ofprednisone CRS in
the solvent mixture and dilute to 20 mL with the solvent
mixture.

Reference solution (b) Dissolve 10 mg of betamethasone CRS
in reference solution (a) and dilute to 10 mL with reference
solution (a).

Plate TLC silica gelF254 plate R.

Mobile phase Add a mixture of 1.2 volumes of water R and
8 volumes of methanol R to a mixture of 15 volumes of
ether Rand 77 volumes of methylene chloride R.

Application 5 ur,
Development Over a path of 15 cm.

Drying In air.

Detection A Examine in ultraviolet light at 254 om.

Results A The principal spot in the chromatogram obtaiIled
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 with alcoholic solution of sulfuric acidR.
Heat at 120°C for 10 min or until the spots appear. Allow
to cool. Examine in daylight and in ultraviolet light at
365 om.

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).

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

e. 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).

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 om. 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 to + 191 (dried substance).

Dissolve 0.125 g in ethanol (96 per cent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light. Prepare the solutions immediately before use.

53-03-2358.4

o

Action and use
Glucocorticoid.

STORAGE
Protected from light.

Prednisone

DEFINITION
17,21-Dihydroxypregna-1,4-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.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent) and in methylene chloride.

It shows polymorphism (5.9).

IDEl"'ITIFICATION
First identification: A, C.

(ph. Eur. monograph 0354)

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 waterR 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, determined on 0.200 g.

ASSAY
Dissolve 0.100 g in waterR and dilute to 100.0 mL with the
same solventDilute 5.0 mL of this solution to 250.0 mL
with waterR.Measure the absorbance (2.2.25) at the
absorption maximum at 247 om.

Calculate the content of CZIH27NazOsP taking the specific
absorbance to be 312.
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Solvent mixture acetonitrile for chromatography R, waterfor
chromatography R (50:50 VIV)o

Test solution (a) Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.

Test solution (b) Dilute 5.0 rnL of test solution (a) to
20.0 rnL with the solvent mixture.

Reference solution (a) Dissolve 10 mg of prednisone
impurityB CRS in the solvent mixture and dilute to 25.0 rnL
with the solvent mixture. Dilute 1.0 mL of the solution to
50.0 rnL with the solvent mixture.

Reference solution (b) Dissolve 4 mg of prednisone for peak
identification CRS (containing impurities A, D and E) in the
solvent mixture, add 1.0 mL of reference solution (a) and
dilute to 5.0 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 rnL 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 rnL with the solvent
mixture. Dilute 5.0 mL of the solution to 20.0 mL with the
solvent mixture.

Column:
- size: 1=0.15 m, 0 =3.0 rnrn;
- stationary phase: end-capped ethylene-bridged polar-embedded

octadecylsilyl silica gelfor chromatography (hybrid material) R
(2.5 urn);

- temperature: 45°C.

Mobz7e phase:
- mobile phaseA: 0.68 gIL solution of potassium dihydrogen

phosphate R, adjusted to pH 2.0 with phosphoric acidR;
- mobile phase B: acetonitrile for chromatography R;

Time
(min)

Mobile phase A
(per cent VIJl)

Mobile phase B
(per cent VIJl)

Calcu1aF:it:m ofpercentage contents:
- for each impurity, use the concentration of prednisone in

reference solution (c).

Limits:
- impuTit:y A: maximum 0.5 per cent;
- impuTit:y E: maximum 0.2 per cent;
- impurit;y D: maximum 0.15 per cent;
- wrspecified 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 per cent, determined on 0.500 g by drying in
an oven at 105°C. .

ASSAY
Carry out the testprotected from light. Prepare the solutions
immediately before use.

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 C21H260S taking into
account the assigned content of prednisone CRS.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A, D, E.

Other detectable impurities (thefollowing substances would, if
presentat a sufficient level, be detected by one or other of the tests
in the monograph. They arelimitedby the general acceptance
criterion fur 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 for pharmaceutical use) B, C, F, G, J, K, L.

Flow rate 0.6 mUmin.
Detection Spectrophotometer lit 244 nrn.

Injection 5 ~L of test solution (a) and reference
solutions (a), (b) and (c).

Identification of impurities Use the chromatogram supplied
with prednisone 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 D =about 1.6;
impurity E =about 1.9.

System suitability Reference solution (b):
- peak-to-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,

o

o

B. 11~,17,2l-trihydroxypregna-1,4-diene-3,20-dione
(prednisolone),

A. 17~21-dihydroxypregn-I-ene-3,11 ,20-trione (cortisone),

o

17

17 -> 20

20 -> 35

35

35 -> 80

83

83 -> 80

80 -> 65

65

65 -> 20

0-2

2 - 25

25 - 28

28 - 33

33 - 43

C. 17-hydroxy-3,11,20-trioxopregna-1,4-dien-21-al
(prednisone-21-aldehyde),
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D. 17,21-dihydroxypregna-l,4,9(11)-triene-3,20-dione
(deltacortinene),

E. 17-hydroxy-3,11,20-trioxopregna-l,4-dien-21-yl acetate
(prednisone acetate),

F. unknown structtire,
'7. ,, __'1'

G. unknownstructure,

o

o

Pl,Eur _

DEFINITION
(3S)-3-(Aminomethyl)-5-methylhexanoic acid.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance·
White or almost white powder.

Solubility
Sparingly soluble in water, very slightly soluble in methanol,
practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparisonpregabalin CRS.

B. Examine the chromatograms obtained in the test for
enantiomeric purity.

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.

____________________ PhEur

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dissolve 20 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent. Derivatise the solution as described under
Derivatisation.

Reference solution Dissolve 2 mg ofpregabalin
impurityB 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
waterR. 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 Derivatisation.

Deriuaiisaiion Transfer 500 J.1L of the solution to a reaction
vial. Add 500 J.1L of a 5 gIL solution of 1-fiuoro-2,4
dinitrophenyl-5-L-alaninamide R in acetonitrile R. Add 50 JlLof
anBd gIL solution of sodium hydrogen carbonate R. Seal the
vial, mix and derivatise by maintaining the vial at 40°C for
1 h in a heating/stirring module. Stop the reaction by adding
about 50 ul, of a 103 gIL solution of hydrochloric acid R.
Mix thoroughly. To 200 ul, of the derivatised solution add
800 J.1L of the mobile phase.

Column:
- size: 1= 0.25 m, (2) =4.6 IDm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 30°C.

Mobile phase acetonitrile R, 1 per cent VIV solution of
triethylamine R previously adjusted to pH 3.0 with phosphoric
acidR (38:62 VIV).

Flow rate 2.0 mIJmin.
Detection Spectrophotometer at 340 nm.
Injection 20 j.lL.
Run time 2.5 times the retention time of the pregabalin
derivative.

Relative retention With reference to the pregabalin derivative
(retention time = about 10 min): impurity B
derivative =about 1.3.148553-50-8159.2

(Ph. Bur. monograph 2777)

Pregabalin

o

o

o

L. 11~,17-dihydroxy-3,20-dioxopregna-l,4-dien-21-yl acetate
(prednisolone acetate).

K. androsta-l,4-diene-3,1l,17-trione,

J. 17ce-hydroxy-3, ll-dioxoandrosta-l,4-diene-17~-carboxylic
acid,

Action and use
Antiepileptic.
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System suitability Reference solution:
- resolution: minimum 4.4 between the peaks due to the

pregabalin derivative and impurity B derivative.

Limit:
- impurity 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 solution (a) Dissolve 0.100 g of pregabalin 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 rnL with the mobile phase.

Reference solution (c) Dissolve 5 mg of mandelic acidR
(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.

Column:
- size: I =0.25 m, 0 =4.6 nun;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 per centaqueous
mobile phases R (5 f.lII1);

- temperature: 30 "C.
Mobile 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)o

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 210 nm.

Injection 20 ul, of the test solution and reference
solutions (b) and (c).

Run time 1.3 times the retention time of pregabalin.

Relativeretention With reference to pregabalin (retention
time = about 10 min): impurity C = about 0.6.

System suitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

impurity Cand pregabalin.

Calculation of percentage contents:
- for each impurity, use the concentration of pregabalin

in reference solution (b).

Limits:
- unspecified impurities elutingbefore 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 of pregabalin
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 pregabalin impur£t;y A CRS in the mobile phase, add
1.0 mL of solution A and dilute to 50.0 mL with the mobile
phase.

2020

Column:
- size: I =0.25 m, (2) =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 per centaqueous
mobile phases R (5 urn);

- temperature: 30°C.

Mobz7e phase 3.40 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 6.3 with concentrated
ammonia R, methanol R2 (45:55 VIV)o

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 210 nm.
Injection 20 IJ.L.
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 to
impurities A and D.

Relative retention With reference to pregabalin (retention
time =about 4 min): impurity A =about 2.4;
impurity D= about 3.0.

Systemsuitabzlity Reference solution(b):
- resolution: minimum 3.5 between the peaks due to

impurities A and D.

Calculation of percentage contents:
- for impurities A and D, use the concentration of each

impurity in reference solution (b);
- for impurities other 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

impurity, maximum 0.10 per cent;
- reporting threshold: 0.05 per cent.

Limit:
- total for tests A and B: maximum 0.5 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 CSH17NOz taking into
account the assigned content of pregabalin CRS.

Il\1PURITIES
Test A for related substances: C.

Test B for related substances: A, D.

Specified impurities A, B.

Other detectable impurities (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 acceptance
criterion for other/unspecified 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) C, D.

CH
3

•.• rN~o
HC~··t--J-

3 H

A. (4S)-4-(2-methylpropyl)pyrrolidin-2-one,
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PhEur _

_ ____''~ ____"=- PhEur

Testsolution Dissolve 25 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 2.5 mg of the substance to be
examined and 3 mg of prilocaine impurityE 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 33.5 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 15 mg of prilocaine for peak
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;
- stationary phase: end-capped extra-dense bonded octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobzle phase 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.

Injection 20 IlL.
Run time Twice the retention time of prilocaine.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to 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
identify 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 = about 1.2.

System suitabzlity Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

prilocaine and impurity E.

Limits:
- impurity B: 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).

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.000 g.

721-50-6220.3

H H. CH3

N~ X CH3

(XI lr'~ -r-:: andenantiomer

~ CH~

DEFINITION
(2RS)-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
ethanol (96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Prepare a film between 2 plates of sodium
chloride R by heating at 40-45 DC until the substance has
melted.
Comparison prilocaine CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).
Dissolve 2.50 gin 15 mL of dilute hydrochloric acidRand
dilute to 50.0 mL with waterR. .

Related substances
Liquid chromatography (2.2.29). Prepare thesolutions
immediately before use.

00·0 CH3

I ~ ~ and enantiomer
'. 0 CH3

H 'OH

OyC02H and enannomer

H OH

(Ph. Eur. monograph 1362)

Action and use
Local anaesthetic.

D. I-methylethyl (2RS)-2-hydroxy-2-phenylacetate.

C. (2RS)-2-hydroxy-2-phenylacetic acid (mandelic acid),

B. (3R)-3-(aminomethyl)-5-methylhexanoic acid (pregabalin
enantiomer),

Prllocalne
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1786-81-8256.8

(Ph. Bur. monograph 1363)

Action and use
Local anaesthetic.

Preparation
Prilocaine Injection

Prilocaine Hydrochloride

PhEur _

DEFINITION
(2RS)-N-(2-Methylphenyl)-2-(propylamino)propanamide
hydrochloride.

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 ethanol (96 per cent), very
slightly soluble in acetone.

IDENTIFICATION
First identification: B, D.

Secondidentification: A, C, D.

A. Melting point (2.2.14): 168°C to 171 -c.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison prilocaine hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20.0 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 20.0 rng ofprilocaine
.hydrochloride CRS in ethanol (96 per cent) 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 cent) R and dilute to 5 mL with the same
solvent.

Plate TLC silica gelF254 plate R.

l'iIobz7e phase concentrated ammonia R, methanol R,
1,1-dimethylethyl methyl ether R (1:5:100 V/V/V').

Application 10 ~L.

Development Over a path of 12 em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitabz7ity 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).

C. (2RS)-2-( ethylamino)-N-(2-methylphenyl)propanamide,

A. (2RS)-2-chloro-N-(2-methylphenyl)propanamide,

B. 2-methylbenzenamine (o-toluidine),

H H... CH3

(X, N0CI

~ CH~ and enantiomer

E. (2RS)-N-(4-methylphenyl)-2-(propylamino)propanamide,

H H, CH3

NN0~~CH3yo
CH

3
and enantiomer

F. (2RS)-N-phenyl-2-(propylamino)propanamide,

D. (2RS)-N-(3-methylphenyl)-2-(propylamino)propanamide,

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

ASSAY
Dissolve 0.180 gin 50 mL of anhydrous acetic 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 22.03 mg
of C13HzoNzO.

IMPURITIES
Specified impurities B, G.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficientlevel, bedetected by one or otherof the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for other/unspecified impurities 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) A, C, D, B, F.

G. N-(2-methylphenyl)-2-(propylamino)acetamide.

and enantiomer

____________________ PhEur
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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 Sis clear (2.2.1) and colourless (2.2.2~ MethodII).

Acidity or alkalinity
Dilute 4 mL of solution S to 10 mL with carbon dioxide-free
waterR. Add 0.1 mL of bromocresol green solution Rand
0.40 mL of 0.01 M 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
immediately before use.
Testsolution 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 ofprilocaine impurity E CRS in the
mobile phase and dilute to 100.0 mL with the mobile phase.
Dilute 1.0 mLofthe 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 15 mg of prilocaine for peak
identification CRS (containing impurity G) in the mobile
phase and dilute to 5.0 mL with the mobile phase.

Column:
- size: l =0.1501, 0 =4.6 mm;
- stationary phase: end-capped extra-dense bonded oetadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase Mix 26 volumes of acetonitrile for
chromatography R and 74 volumes of a solution prepared as
follows: dissolve 0.180 g of sodium dihydrogen phosphate
monohydrate R and 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.
Injection 20 IlL.
Run time Twice the retention time of prilocaine.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to 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
identify the peak due to impurity G.
Relativeretention With reference to prilocaine (retention
time = about 25 min): impurity B = about 0.3;
impurity G = about 0.8; impurity E = about 1.2.

System suitability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

prilocaine and impurity E.

Prilocaine Hydrochloride 11-707

Limits:
- impurity B: 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).

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 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 added between the 2 points of
inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 25.68 mg
of C13HZ1ClNZO.

IMPURITIES
Specified impurities B} G.
Other detectable impurities (the following substances would, if
present at a sufficient leuel, be detected by oneor other of the tests
in the monograph. They are limitedby 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A} C} D} E} F.

(XI ~0:'
~ CH~ and enantiomer

A. (2RS)-2-chloro-N-(2-methylphenyl)propanarnide,

B. 2-methylbenzenarnine (a-toluidine),

(X
~- XH~

,9? I lr'~ CH3

~ 0
CH3 and enantiomer

C. (2RS)-2-(ethylamino)-N-(2-methylphenyl)propanarnide,
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PhEur _

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution (a) Dissolve 15 mg in a 1.03 gIL solution of
hydrochloric acidR and dilute to 100.0 mL with the same
solution.

Testsolution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with a 1.03 giL solution of hydrochloric acidR.
Spectral range 310-450 nm for test solution (a); 215-310 nm
for test solution (b).

Absorption maxima At 332 nm and 415 nm for test
solution (a); at 225 run, 265 run and 282 nm for test
solution (b).

Specific absorbance at the absorption maxima:
- at 332 nm: 45 to 52 for test solution (a);
- at 415 run: 27 to 35 for test solution (a);
- at 225 run: 495 to 515 for test solution (b);
- at 265 run: 335 to 350 for test solution (b);
- at 282 nm: 330 to 345 for test solution (b).

B. Infrared absorption spectrophotometry (2.2.24).

Examine the substances in discs prepared as follows: dissolve
separately 0.1 gof the substance to be examined and 0.1 g of
the reference substance in 5 mL of waterR, add 2 mL of
dilute ammonia R2 and 5 ml, of methylene chloride R, 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). Carryout all
operations as rapidly aspossible, 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 water R and dilute to 10 mL with
methanol R. Dilute 1 mL of this solution to 10 mL with a
mixture of equal volumes of methanol R and waterR.
Reference solution Dissolve 20 mg of primaquine
diphosphate CRS in 5 mL of waterR and dilute to 10 rnL
with methanol R.
Plate TLCsilicagel GF254 plateR.
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 VIVIV).

Application 5 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 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 waterR. Add 2 mL of dilute
sodium hydroxide solution R and shake with 2 quantities, each
of 5 mL, of methylene chloride R. The aqueous layer, acidified
by addition of nitric acidR, gives reaction (b) of phosphates
(2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

63-45-6

and enantiomer

and enantiomer , 2 H3P04

455.3

(Primaquine Diphosphate, Ph. Bur. monograph 0635)

H H, CH3

~N0~~CH3VO
and enantiomer

H H, CH3

NN0~~CH3yo
CH

3
and enantiomer

G. N-(2-methylphenyl)-2-(propylamino)acetamide.

Action and use
Antiprotozoal (malaria).

F. (2RS)-N-phenyl-2-(propylamino)propanamide,

E. (2RS)-N-(4-methylphenyl)-2-(propylamino)propanamide,

D. (2RS)-N-(3-methylphenyl)-2-(propylamino)propanamide,

____~---------------PhEur

Primaquine Phosphate

DEFINITION
(4RS)-~ -( 6-Methoxyquinolin-8-yl)pentane-l,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°C, with decomposition.

IDENTIFICATION
Firstidentification: B, D.
Second identification: A, C, D.
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Test 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
suitability CRS (containing impurity A) in mobile phase A
and dilute to 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.
Column:
- size: I = 0.15 m, 0 = 4.6 mm;
- stationary phase: .end-capped octylsilyl silica gelfor

chromatography with polar incorporated groups R (5 urn);
- temperature: 25°C.

Mobz7e phase:
- mobile phaseA: trifiuoroacetic acid R, tetrahydrofuran R,

acetonitrile R, waterfor chromatography R
(0.11119/90 V/VLV/V);

- mobile phaseB: .'!petonitrile R;

H2N~
/\ NH

H CH3 to~ I ~ and enantiomer

H
3CO

~ .#

A. (4RS)-N1-(6-methoxyquinolin-8-yl)pentane-1,4-diamine
(quinocide),

B. 6-methoxy-8-nitroquinoline,

C. 6-methoxyquinolin-8-amine,

_____________________ PhEur

Primidone

125-33-7218.3

Q;1J 0 Hv CH3 .

N~NH

to and enantiomer

o ~ I N~

H3CO ~ .#

D.2-[(4RS)-4-[(6-methoxyquinolin-8-yl)amino]pentyl]-lH
isoindole-1,3(2H)-dione.

(Ph. Bur. monograph 0584)

Time Mobile phase A Mobile phase B
(milt) (per cent VIJi') (per cent VIJi')

0-15 100 a
15 - 40 100 ~ 50 a --> 50

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 265 nrn.

Injection 25 IlL.
Relative retention With reference to primaquine (retention
time =about 13 min): impurity A =about 0.86.

System suitabz7ity 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

diphosphate in reference solution (b).

Limits:
- unspecified impurities: for each 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 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

ASSAY
Dissolve 0.200 gin 40 rnL of anhydrous acetic acidR, heating
gently. Allow to cool and titrate with 0.1 M perchloric acid,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 1\11 perchloric acid is equivalent to 22.77 mg
of ClsHz7N309PZ.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (thefollowing substances would, zf
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby 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, B, C, D.

Action and use
Antiepileptic.

Preparations
Primidone Oral Suspension

Primidone Tablets

PhEur _

DEFINITION
5-Ethyl-5-phenyldihydropyrirnidine-4,6(lH,5H)-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.
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Flow rate 3.2 mIJmin.

Detection Spectrophotometer at 215 nm.

Injection 10 ~.

Identification of impurities Use the chromatogram supplied
with primidone for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks.

Relative retention With reference to primidone (retention
time =about 2.2 min): impurity A =about 0.5;
impurity B = about 1.4; impurity C = about 1.6;

IDENTIFICATION
First identification: B.

Second identification: AJ CJ D.
A. Use the solution prescribed for the assay. Examined
between 240 nm and 300 nm (2.2.25), the solution shows
3 absorption maxima, at 252 nm, 257 nm and 264 nm, and
2 absorption minima, at 254 nm and 261 nm. The ratio of
the absorbance measured at the absorption maximum at
257 nm to that measured at the absorption minimum at
261 nm is 2.00 to 2.20. The identification is valid it in the
test for resolution (2.2.25), the ratio of the absorbances is not
less than 2.0.

B. Infrared absorption spectrophotometry (2.2.24).·

Preparation Discs of potassium bromide R.
Comparison primidone CRS.
C. Dissolve 0.1 gin 5 mL of a 5 gIL solution of chromotropic
acid, sodium saltR in a mixture of 4 volumes of waterRand
9 volumes of sulfuric acidR. A pinkish-blue colour develops
on heating.

D. Mix 0.2 g and 0.2 g of anhydrous sodium carbonate R.
Heat until the mixture melts. Ammonia is evolved which is
detectable by its alkaline reaction (2.2.4).

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in methanol Rl and dilute to 50.0 mL with the
same solvent.

Reference solution (a) Dilute 1.0 rn.Lof the test solution to
100.0 mL with methanol Rl, Dilute 1.0 mL of this solution
to 10.0 mL with methanol Rl,

Reference solution (b) Dissolve 5 mg of primidone for peak
identification CRS (containing impurities A, B, C, D,
E and F) in methanol R1 and dilute to 5 mL with the same
solvent.

Column:
- size: 1= 0.10 m, 0 =4.6 mm;
- stationary phase: end-capped monolithic octadecylsilyl

silica gel for chromatography R.

Mobile phase:
- mobile phaseA: 1.36 gIL solution of potassium dihydrogen

phosphate R;
- mobile phaseB: methanol Rl;

Time
(min)

0-1

1 - 6

6-8

8 - 8.5

8.5 - 10

Mobile phase A
(per cent VJV)

75

75 --+ 40

40

40 --+ 75

75

Mobile phase B
(per cent Vfl)

25

25 --+ 60

60

60 ..... 25

25

impurity D = about 1.75; impurity E = about 2.0;
impurity F = about 2.8.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity B and impurity C.

Limits:
- correction factors: for the calculation of contents, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A =1.5;
impurity C = 1.5; impurity D = 1.4; impurity E = 1.3;

- impurityF: not more than 3 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impurities-A, BJ C~ D J 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);

- any 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);

-:- 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)
Maxirnum 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 per cent) 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 nm.

Calculate the content of C12H14NzOz from the absorbances
measured and the concentrations of the solutions.

IMPURITIES
Specified impurities A J BJ C~ DJ E~ F.

and enanliomer

A. 2-ethyl-2-phenylpropanediamide
(ethylphenylmalonamide),

B. 5-ethyl-5-phenylpyrimidine-2,4,6(IH,3H,51f)-trione
(phenobarbital),
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D. (2RS)-2-cyano-2-phenylbutanamide,

C. (2RS)-2-phenylbutanamide,

H3C eN

jlyNH2

0°

and enantiomer

and enantiomer

and enantiomer

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 20 mg in a mixture of 1 volume of
0.1 M hydrochloric acidand 9 volumes of ethanol
(96 percent) R and dilute to 100.0 rnL with the same
mixture of solvents. Dilute 5.0 mL of the solution to
100.0 mL with a mixture of 1 volume of 0.1 M hydrochloric
acidand 9 volumes of ethanol (96 per cent) R.
Spectral range 220-350 nm.

Absorption maxima At 223 nm and 248 nm.

Specific absorbance at theabsorption maximum at 248 nm
310 to 3S0.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison probenecid CRS.

D. Dissolve 0.2 g in the smallest necessary quantity of dilute
ammonia R2 (about 0.6 mL). Add 3 mL ofsilver nitrate
solution R2. A white precipitate is formed which dissolves in
an excess of ammonia.

PhEur _

____________________ PhEur

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 1.0 gin 1 M sodium hydroxide and dilute to 10 mL
with the same solvent.

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,
allow to cool to room temperature and filter. To 50 mL of
the filtrate add 0.1 mL of phenolphthalein solutim R.
Not more than 0.5 mL of 0.1 M sodiuatl hydroxide is required
to change the colour of the indicator.

Related substances
Liquid chromatography (2.2.29).

Solution A Mix 1 volume of glacial acetic acidRand
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
phosphate monohydrate R in water for chromatography Rand
adjust to pH 3.0 with dilute phosphoric acidR.
Testsolution Dissolve 25 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 potassium
4-suljobenzoate R (impurity A) in the mobile phase and dilute
to SO.O rnL 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 to 10.0 mL with the test solution.

Column:
- size: 1= 0.25 m, (2) =4.6 rnm;
- stationary phase: end-capped phenylsilyl silica gelfor

chromatography R (5 1J1Il).

Mobile phase Solution A, solution B (SO:SO VIV).
Flow rate 1.2 mLlmin.

Detection Spectrophotometer at 240 run.

Injection 20 ilL.

Run time 4 times the retention time of probenecid.

57-66-9285.4

DEFINITION
4-(Dipropylsulfamoyl)benzoic acid.

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

CHARACTERS
Appearance
White 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.

F. S-ethyl-S-phenyl-2-[( IR5)-I-phenylpropyl]
dihydropyrimidine-4,6(IH,SH)-dione.

Action and use
Uricosuric drug.

Preparation
Probenecid Tablets

E. (2RS)-2-phenylhutanoic acid,

H~ro~~oo_

Probenecid
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614-39-1271.8

Action and use
Class I antiarrhythmic.

Preparations
Procainamide Injection

Procainamide Tablets

Procainamide Hydrochloride

CHARACTERS
A white or very slightly yellow, crystalline powder,
hygroscopic, very soluble in water, freely soluble in alcohol,
slightly soluble in acetone.

IDENTIFICATION
Firstidentification: C, D.
Secondidentification: 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 M 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 the spectrum obtained with
procainamide hydrochloride CRS.

D. Dilute 1 mL of solution S to 5 mL with waterR.
The solution gives reaction (a) of chlorides (2.3.1).

E. Dilute 1 mL of solution S (see Tests) to 2 mL with
waterR. 1 mL of this solution gives the reaction of primary
aromatic amines (2.3.1).

TESTS
Solution S
l)issolve 2.5 g in carbon dioxide-free water R and dilute to
25 mL with the same solvent.

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.

PhEur _

D. ethyl 4-(dipropylsulfamoyl)benzoate.
_____________-'- PhEur

C. 4-( dipropylsulfarnoyl)-N;N-dipropylbenzamide,

B. 4-methyl-N,N-dipropylbenzenesulfonamide,

A. 4-sulfobenzoic acid,

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relativeretention With reference to probenecid (retention
time =about 7 min): impurity A =about 0.3.

System su£tabil£ty Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and probenecid.

Calculation of percentage contents:
- correction factor: multiply the peak area ofimpurity A

by 0.4;
- for each impurity, use the concentration of probenecid in

reference solution (a).

Limits:
- impurityA: 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)
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 50 mL of ethanol (96 per cent) R, shaking
and heating slightly 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
C13H19N04S.

IMPURITIES
Specified impurities A.

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 arelimitedby thegeneral 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 forpharmaceutical use) B, C, D.
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2020 Benzylpenicillin (Procaine) Monohydrate 11-713

____________________ PhEur

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution B6 (2.2.2J MethodII).

pH (2.2.3)
The pH of solution S is 5.6 to 6.3.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica,
gelGF254 R as the coating substance.

Testsolution 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 ilL of each solution. Develop over a
path of 12 em using a mixture of 15 volumes of glacial acetic
acidR, 30 volumes of waterRand 60 volumes of butanol R.
Place the plate in a stream of cold air until the plate appears
dry. 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 percent).

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 gin 50 mL of dilute hydrochloric acidR.
Carry out the determination of primary aromatic amino
nitrogen (2.5.8).

1 mL of 0.1 M sodium nitrite is equivalent to 27.18 mg of
C13HzzCIN30.

STORAGE
Store in an airtight container, protected from light.

PhEur _

DEFINITION
2-(Diethylamino)ethyl 4-aminobenzoate (2S,5R,6R)-3,3
dimethyl-7-oxo-6-[(phenylacetyl) amino] -4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylic acid monohydrate.

Salt obtained from Benzylpenicillin sodium (0114) or
Benzylpenicillin potassium (0113) produced by the growth of
certain strains of Penicillium notatum or related micro
organisms.

Content
- procaine benzylpenicillin: 96.0 per cent to 102.0 per cent

(anhydrous substance) without correction for dispersing or
suspending agents;

- procaine (C13HzoN"zOz; M r 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.

CHARACTERS
Appearance
White or almost white, crystalline powder, slightly
hygroscopic.

Solubility
Slightly soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A.

Second identification: B, CJ D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison procaine benzylpenicillin CRS.
B. 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 Dissolve 25 mg ofprocaine
benzylpenicillin CRS in 5 mL of acetone R.
Plate TLC silanised silica gelplateR.
Mobilephase Mix 30 volumes of acetone R and 70 volumes
of a 154 gIL solution of ammonium acetate R previously
adjusted to pH 7.0 with ammonia R.
Application 1 j.tL.

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 150 rom long and
15 rom 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 practically
colourless. Place the test-tube on a water-bath for 1 min;
a reddish-brown colour develops.

D. Dissolve 0.1 g in 2 mL of dilute hydrochloric acid R.
The solution, which may be turbid, gives the reaction of
primary aromatic amines (2.3.1). :

6130-64-9588.7

Action and use
Penicillin antibacterial.

Preparation
Procaine Benzylpenicillin Injection

Benzylpenicillin (Procaine)
Monohydrate
Procaine Benzylpenicillin

(Ph. Bur. monograph 0115)
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11-714 Benzylpenicillin (Procaine) Monohydrate

TESTS
pH (2.2.3)
5.0 to 7.5.

Dissolve 50 mg in carbon dioxide-free waterR and dilute to
15 mL with the same solvent. Shake until dissolution is
complete.

Related substances
Liquid chromatography (2.2.29). Prepare the testsolutions
immediately before use.

Solvent mixture methanol R, waterR (50:50 VIV).

Testsolution (a) Dissolve 50.0 mg of the substance to be
examined in 25 mL of methanol R and dilute to 50.0 mL
with waterR.

Testsolution (b) Dissolve 0.100 g of the substance to be
examined in 10 mL of methanol R and dilute to 20.0 mL
with waterR.

Reference solution (a) Dissolve 50.0 mg of procaine
benzylpenicillin CRS in 25 mL of methanol R and dilute to

50.0 mL with waterR.

Reference solution (b) Dissolve 12.0 mg of 4-aminobenzoic
acidR (impurity A) 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 10 mg of procaine
benzylpenicillin for peak identification CRS (containing
impurities B, C, D, E, F, G, H, I and 1) in 1 mL of
methanol R and add 1 mL of waterR.
Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 20.0 mL with the solvent mixture.

Reference solution (e) Dilute 1.0 mL of reference solution (d)
to 20.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 =4.6 rom;
- stationary phase: end-capped octadecy/silyl silica gelfor

chromatography R (3 um),
- temperature: 50°C.

Mobz1e phase:
- mobile phaseA: mix 10 volumes of a 68 gIL solution of

potassium dihydrogen phosphate R adjusted to pH 3.4 with a
500 gIL solution of phosphoric add R, 30 volumes of
methanol Rl and 60 volumes of waterfor
chromatography R;

- mobile phase B: mix 10 volumes of a 68 gIL solution of
potassium dihydrogen phosphate R adjusted to pH 304 with a
500 gIL solution of phosphoric acidR, 35 volumes of water
for chromatography Rand 55 volumes of methanol Rl;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent V/lI)

0-7 70 30

7 - 17 70 ~ 0 30 ~ 100

17 - 22 0 100

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 225 nm.

Injection 20 ul, of test solution (b) and reference
solutions (b), (c), (d) and (e).

Identification of impurities Use the chromatogram supplied
with procaine benzylpenicillin for peak identification CRS and
the chromatogram obtained with reference solution (c) to

i identify the peaks due to impurities B, C, D, E, F, G, H, I
and J; use the chromatogram obtained with reference
solution (b) to identify the peak due to impurity A.

2020

Relativeretention With reference to benzylpenicillin
(retention time = about 7 min): procaine = about 0.19;
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 (c);

- signal-to-noise ratio: minimum 10 for the peak due to
benzylpenicillin in the chromatogram obtained with
reference solution (e).

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 (d) taking into account the area of the peak due
to benzylpenicillin in the chromatogram obtained with
reference solution (d).

Limits:
- impurities F, G, H, I, J: for each impurity, maximum

0.5 per cent;
- impurities B (sum of isomers), C (sum of epimers): for each

impurity, maximum 0.4 per cent;
- impurities E, D: for each impurity, maximum 0.2 per cent;
- impurity A: maximum 0.024 per cent;
- any other impurity: 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.

Mobile phase Mobile phase B, mobile phase A (30:70 VIV).

Injection 10 ul, of test solution (a) and reference
solution (a).

Run time 3 times the retention time of benzylpenicillin.

Calculate the percentage content of procaine (C13HzoNzOz)
taking into account the area of the peak due to procaine and
the assigned content of procaine (C13HzoNzOz) in procaine
benzylpenicillin CRS.

Calculate the percentage content of procaine benzylpenicillin
(Cz9H3SN406S) taking into account the area of the peak due
to benzylpenicillin and the assigned content of procaine
benzylpenicillin (Cz9H3SN406S) in procaine
benzylpenicillin CRS.

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

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, I, J.
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2020 Procaine Hydrochloride 11-715

A. 4-aminobenzoic acid,

H. (2S,5R,6R)-6-hexanamido-3,3-dimethyl-7-oxo-4-thia-l
azabicyc10[3.2.0]heptane-2-carboxylic acid
(dihydropenicillin F),

I. unknown structure,

J. unknown structure.
___________________ PhEur

Procaine Hydrochloride

51-05-8272.8

(ph. Eur. monograph 0050)
H.. COzH

HNX--CH3

~ 1* )<CH andepimer at C*

~... ','is 3o 0 H

C. (2RS,4S)r5,5-dimethyl-2-[(2-phenylacetamido)methyl]
1,3-thiazolidine-4-carboxylic acid (penilloic acids of
benzylpenicillin),

B. (28,4S)-2- [(8)-carboxy(2-phenylacetamido)methyl] -5,5
dimethyl-l,3-thiazolidine-4-carboxylic acid (penicilloic
acids of benzylpenicillin),

D. (3S,7R,7aR)-5-benzyl-2,2-dimethyl-2,3,7,7a
tetrahydroimidazo [5, I-b] [1,3[thiazole-3,7-dicarboxylic acid
(penillic acid of benzylpenicillin),

E. phenylacetic acid,

F. (2S,5R,6R)-6- [2-(4-hydroxyphenyl)acetamido]-3,3
dimethyl-7-oxo-4-thia-l-azabicyc10[3.2.0]heptane-2
carboxylic acid,

G. (2S,5R,6R)-6-[(3Z)-hex-3-enamido]-3,3-dimethyl-7-oxo
4-thia-l-azabicyc10[3.2.0]heptane-2-carboxylic acid (iso
penicillin F),

Action and use
Local anaesthetic.

PhEur _

DEFINITION
Procaine hydrochloride contains not less than 99.0 per cent
and not more than the equivalent of 101.0 per cent of
2-(diethylamino)ethyl 4-aminobenzoate hydrochloride,
calculated with reference to the dried substance.

CHARACTERS
A white or almost white, crystalline powder or colourless
crystals, very soluble in water, soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B) E.

Second identification: A) C, D) E, F.
A. Melting point (2.2.14): 154°C to 158 °C.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with procaine
hydrochloride CRS.

C. To about 5 mg add 0.5 mL ofJuming nitric acid R.
Evaporate to dryness on a water-bath, allow to cool and
dissolve the residue in 5 mL of 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 dilute sulfuric acidR and shake. Add 1 mL of a
1 gIL solution of potassium permanganate R. The colour is
immediately discharged.

E. It gives reaction (a) of chlorides (2.3.1).

F. Dilute 1 mL of solution S to 100 mL with waterR. 2 mL
of this 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

50 mL with the same solvent.
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____________________ PhEur

Prochlorperazine Maleate

DEFINITION
2-Chloro-10-[3-( 4-methylpiperazin-1-yl)propyl] -1OH
phenothiazine bis [hydrogen (2Z)-but-2-enedioate].

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
Firstidentification: A, B.
Second identification: B.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison prochlorperazine maleate CRS.
B. Identification of phenothiazines by thin-layer
chromatography (2.3.3) with the following modifications.

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.

Application 4 J,lL.

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 thesolutions
immediately before use and protect from light.
Buffersolution Dissolve 0.96 g of ammonium carbonate R in
about 800 mL of waterfor chromatography R. Adjust to
pH 10.0 with concentrated ammonia R and dilute to 1000 mL
with 'water for chromatography R.
Testsolution 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 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 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: l = 0.15 m, 0 = 3.0 rom;
- stationary phase: end-capped propyl-2-phenylsilyl amorphous

organosilica polymer R (3.5 11m);
- temperature: 40°C.

Mobile phase tetrahydrofuran R, methanol R, buffer solution
(15:33:52 V/V/V).

Flow rate 0.4 mIJmin.

Detection Spectrophotometer at 252 run.

Injection 10 JlL.
Run time 1.5 times the retention time of prochlorperazine.

Identification of impurities Use the chromatogram supplied
with prochlorperazine for system suitabiluy CRS and the

PhEur _

84-02-6606

(Ph. Bur. monograph 0244)

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparations
Prochlorperazine Tablets

Prochlorperazine Buccal Tablets

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

pH (2.2.3)
Dilute 4 mL of solution S to 10 mL with carbon dioxide-free
waterR. The pH of the solution is 5.0 to 6.5.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GF254 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-aminobenzoic acidR in
waterR and dilute to 100 mL with the same solvent. Dilute
1 mL ofthe solution to 10 mL with waterR.
Apply separately to the plate 5 J,lL of each solution. Develop
over a path of 10 cm using a mixture of 4 volumes of glacial
acetic acid R, 16 volumes of hexaneR and 80 volumes of
dibutyl ether R. Dry the plate at 100°C to 105 °C for 10 min
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 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.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 gin 50 mL of dilute hydrochloric acidR. 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
C13Hz1CINzOz·

STORAGE
Store protected from light.
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____________________ PhEur

5132-55-8566.2

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparations
Prochlorperazine Injection

Prochlorperazine Oral Solution

Prochlorperazine Mesilate

D.2-chloro-lOH-phenothiazine.

DEFINITION
Prochlorperazine Mesilate is 2-chloro-l 0- [3-(4
methylpiperazin-l-yl)propyl]phenothiazine di
(methanesulfonate). It contains not less than 98.0% and not
more than 101.0% of C2oH24CIN3S,2CH4S03, calculated
with reference to the dried substance.

C. 4-chloro-1O-[3-(4-methylpiperazin-l-yl)propyl]-10H
phenothiazine,

rl
Y'J:,

U C1

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. If a 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 infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of prochlorperazine

. mesilate (RS 290) .

..B. Dissolve 5 mg in 2 mL of sulfuric add and allow to stand
for 5 minutes. A red colour is produced.

chromatogram obtained with reference solution (b) to
identify the peaks due to impurities Band D.

Relativeretention With reference to prochlorperazine
(retention time = about 24 min): maleic acid = about 0.06;
impurity B = about 0.56; impurity D = about 1.11.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 3.0, 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
curve separating this peak from the peak due to
prochlorperazine.

Calculation of percentage contents:
- for each impurity, use the concentration of

prochlorperazine maleate in reference solution (a).

Limits:
- impurityB: maximum 0.3 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum n:5 per cent;
- reporting threshold:":fj.05 per cent; disregard the peak due to

maleic acid.

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 0.200 g of the powdered substance to be examined
in 50 mL of anhydrous acetic acidR, warming on a water
bath. Allow to cool to room temperature. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M perchloric add, is equivalent to 30.31 mg of
C2sH32CIN30SS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B.
Other detectable impurities (thefollow£ng substances would, if
present at a sufficient level, be detected by one orotherof the tests
in the monograph. They arelimited by thegeneral 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 for pharmaceutical use) A~ C~ D.

A. 2-chloro-l 0- [3-(4-methylpiperazin-l-yl)propyl] -SA4_
phenothiazin-5(1OH)-one,

B. 10- [3-(4-methylpiperazin-l-yl)propyl]-1 OH-phenothiazine,
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Procyclidine Hydrochloride

DEFINITION
Procyc1idine Hydrochloride is (RS)-I-cyclohexy1-1-phenyl-3
pyrrolidin-l-ylpropan-lo1 hydrochloride. It contains not less
than 99.0% and not more than 101.0% of C19H29NO,HCl,

calculated with reference to the dried substance.

CHARACTERISTICS
A white, crystalline powder.

Sparingly soluble in water; soluble in ethanol (96%);
practically insoluble in oceum« and in ether.

IDENTIFICATION
A. The infrared absorption spearum, Appendix II A, is
concordant with the reference spectrum of procyclidine
hydrochloride (RS 292).

B. Dissolve 0.25 gin 10 mL of water, make alkaline with
5M ammonia and extract with three 10-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 point of the residue is
about 85°, Appendix V A.

C. Yields the reactions characteristic of chlorides,
Appendix VI.

TESTS
Acidity
pH of a 1% w/v solution, 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% w/v of the substance being examined.

(2) 0.0040% w/v of 1-phenyl-3-pyrrolidinopropan-1-one
hydrochloride BPCRS.

(3) 0.010% w/v of the substance being examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gelF254•

(b) Use the mobile phase as described below.

(c) Apply 5 ul, of each solution.

(d) Develop the plate to 15 em.
(e) After removal of the plate, dry it at 105° for 15 minutes
and examine under ultraviolet light (254 nm). Spray the plate
with dilute potassium iodobismuthate solution and examine.

MOBILE PHASE

1 volume of 13.5M ammonia and 100 volumes of ether.

LIMITS

When examined under UV light:

any spot corresponding to l-phenyl-3-pyrrolidinopropan-l
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 spotin 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% w/vof
triphenylethylene in ether as the internal standard.

(1}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 sulfate and filter; evaporate the filtrate and
dissolve the residue in 1 mL of ether.
(2) Prepare in the same manner as solution (1) 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% w/v solution of the substance being
examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use a fused silica column (15 m x 0.32 mm) bonded
with a 0.25 urn film of polyethylene glycol 20,000 (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
323.9

Action and use
Anticholinergic.

Preparations
Procyc1idine Injection

Procyc1idine Tablets

TESTS
Acidity
pH of a 2% w/v solution, 2.0 to 3.0, Appendix V L.

Related substances
Complies with the test for relatedsubstances in phenothiazines,
Appendix ill A, using mobile phaseA and dissolving the
substance being examined in methanolcontaining 0.5% v/vof
13.5M 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 gin 10 mL of water, add 5 mL of 1M 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 mL 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 to dryness and carry out Method I for
non-aqueous titration, Appendix VITI A, using
1-naphtholbenzein solution as indicator. Each.ml, of 0.1M
perchloric acid VS is equivalent to 28.31 mg of
C2oH24CIN3S,2C~S03'

STORAGE
Prochlorperazine Mesilate should be protected from light.
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(t) Inject 1 ul, of each solution.

(g) Use a split ratio of 1:5.

SYSTEM SUITABIUTY

The test is not valid unless the chromatogram obtained with
solution (3) shows two clearly separated peaks.

UMITS

The ratio of the sum of the areas of any secondary peaks to
the area of the peak due to the internal standard in the
chromatogram 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
When dried to constant weight at 105°, loses not more than
0.5% of its weight. Use 1 g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY 7"

Carry out MethodLfor '1W1l-aqueDUS titration,
Appendix VITI A, USing 0.7 g and crystal violet solution as
indicator. Each m:~:ofO.IMperchlorie acid VS is equivalent to
32.39 mg of C19HigNO,HCl.

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 R and
9 volumes of methylene chloride R and dilute to 10 mL with
the same mixture of solvents.

Reference solution Dissolve 10 mg of progesterone 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 gelF254 plateR.

Mobile phase ethyl acetate R, methylene chloride R
(33:66 VIV).

Application 5 IlL.
Development 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, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

PhEur _

o

o
0-> 100

100

Mobile phase B
(per cent V/li')

100

100 -> 0

o

Mobile phase A
(per cent VIl')

t

Time
(min)

0-20

20 - 27

27 - 45

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).

Testsolution 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
suitabil£ty CRS (containing impurities B,C, G, I and M) in
mobile phase B and dilute to 5.0 mL with mobile phase B.

Reference solution (c) Dissolve 2 mg of progesterone for peak
.identification CRS (containing impurities D, E, J, K and L) in
mobile phase B and dilute to 5.0 mL with mobile phase B.
Reference solution (d) Dissolve 10.0 mg ofprogesteronejor
impurity 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 of progesterone CRS
in mobile phase B and dilute to 50.0 mL with mobile
phase B.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped extra-dense bonded octadecylsilyl

silica gelfor chromatography R (5 11m).

Mobile phase:
- mobile phase A: acetonitrile R, waterR (50:50 VIV);
- mobile phase B: waterR, acetonitrile R (20:80 VIlI);

57-83-0314.5

Action and use
Progestogen.

Preparation
Progesterone Injection

o

(Ph. Bur. monograph 0429)

Progesterone

DEFINITION
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.

Solubility
Practically insoluble in water, freely soluble in anhydrous
ethanol, sparingly soluble in acetone and in fatty oils.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison progesterone CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
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B. (20S).:-20-hydroxypregn-4-en-3-one,

D. (20S)-3-oxopregn-4-en-20-yl acetate,

C. (20R)-20-hydroxypregn-4-en-3-one,

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 CZIH300Z taking into
account the assigned content of progesterone CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, C, D, E, G, H" I, J"K" L, M.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby 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 also 5.10. Control of impurities
in substances for pharmaceutical use) A.

o

A. pregna-4, 14-diene-3,2O-dione,

o

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 241 nm and, for
impurity H, at 286 nm.

Injection 10 J.LL of the test solution and reference
solutions (a), (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with progesterone for system suitabz1ity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C, G, I and M; use
the chromatogram supplied with progesterone forpeak
identification CRS and the chromatogram obtained with
reference solution (c) to identify the peaks due to
impurities D + E, J,K and L; 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 M and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
progesterone.

Limits:
- impurity I (sum of the 2 epimers): not more than 6 times

the area of the principal peak in the 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 impurities 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 0, 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 percent);

- 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
progesterone for impurity H identification CRS;

- 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 than H: 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 0.500 g by drying in
an oven at 105°C for 2 h.
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o M. (l7ct)-pregn-4-ene-3,20-dione.

E. (20R)-3-oxopregn-4-en-20-yl acetate,
____________________ PhEur

o

G.it21-(cyclohexylidene)pregn-4-ene-3,20-dione,

Proguanil Hydrochloride.
(Ph. Eur. monograph 2002)

o

Action and use
Antiprotozoal (malaria).

Preparation
Proguanil Tablets

290.2 637-32-1

H. pregna-4,6-diene-3,20-dione (.1.6-progesterone), PhEur _

K. pregna-4,9(11)-diene-3,20-dione,

L. 20-methylidene-3-oxopregn-4-en-21-al,

DEFINITION
N1_(4-Chlorophenyl)-.w-(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.
Secondidentification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison proguanilhydrochloride CRS.

B. Dissolve 0.4 gin 50 rnL of waterR (solution A).
To 15 mL of solution A add 2 mL of dilute sodium hydroxide
solution R. Extract with 20 mL of ethyl acetate R. Wash the
organic layer with water R, evaporate to dryness and dry at
105°C. The melting point (2.2.14) of the residue is 130°C
to 133°C.

C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Acidity or alkalinity
To 35 mL of water R maintained at 60-65 °C, add 0.2 mL
of methyl redmixed solution R. Neutralise to a grey colour with
either 0.01 M sodium hydroxide or 0.01 M hydrochloric acid.
Add 0.4 g of the substance to be examined and stir until
completely dissolved. The solution is grey or green.
Not more than 0.2 mL of 0.01 M hydrochloric acid is required
to change the colour of the solution to reddish-violet.

Related substances
Liquid chromatography (2.2.29).

and epimer at C·

o

o

o

o

J. pregna-1,4-diene-3,20-dione,

1. (20RS)-20-methyl-3-oxopregn-4-en-21-al,
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Flow rate 1.5 mUmin.
Detection Spectrophotometer at 235 nm.

Injection 20 ul, of test solution (a) and reference
solutions (a) and (b).

Identification of impurities 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):
- peak-to-valley ratio: minimum 5.0, 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 to proguanil.

Calculation of percentage contents:
- for each impurity, use the concentration of proguanil

hydrochloride in reference solution (b).

Solvent mixture acetonitrile R, methanol R, waterR
(20:20:60 V/V/V).

Testsolution (a) Dissolve 20 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.

Testsolution (b) Dissolve 20 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 ofproguanil for system
suitabilz"ty CRS (containing impurity G) in the solvent mixture
and dilute 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 (c) Dissolve 4.0 mg of proguanil
impurity 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 rn.L
of this solution to 10.0 mL with the solvent mixture.

Column:
- size: I =0.075 m, 0 =4.6 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(3.5 Jl1Il);
- temperature: 40 DC.

Mobile phase:
- mobile phase A: dissolve 0.65 g of sodium pentanesulfonate 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 V/V solution
of trifiuoroacetic acid R;

- mobile phase B: dissolve 0.65 g of sodium pentanesulfonate 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 volumes of
methanol R1 and dilute to 1000 mL with the same solvent
mixture; add 4 mL of a 1 per cent V/V solution of
trifiuoroacetic acid R;

A. N-cyano-N'-(propan-2-yl)guanidine,

B. 4-chloroaniline,

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.

ImpurityB
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 to
impurity B.

Relativeretention With reference to proguanil (retention
time =about 16 min): impurity B = about 0.2.

System suitability Reference solution (c):
- signal-to-noise ratio: minimum 10 for the peak due to

impurity B.

Limit:
- impurity 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 DC.

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

ASSAY
Suspend 0.100 gin 20 mL of anhydrous acetic acidR, shake
and heat at 50 DC for 5 min. Cool to room temperature and
add 40 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 perchloric acidis equivalent to 14.51 mg of
CllHl7ChNs.

STORAGE
Protected from light.

IMPURITIES
Specified impurities 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 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 also 5.10. Control of impurities
in substances for pharmaceutical use) A, C, D, E, F, G.

25

25 -> 60

Mobile phase B
(per cent VIJI)

75

75 -> 40

Mobile phase A
(per cent VIJI)

Time
(min)

0-3

3 - 23

C. N l ,IV>-bis(4-chlorophenyl)imidodicarbonimidic diamide,
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Reference solution Dissolve 10 mg of proline CRS in a
1 per cent VlV solution of hydrochloric acidR and dilute to
50 mL with the same solution.

Plate TLC silica gelplateR.
Mobile phase glacial acetic acidR, waterR, butanol R
(20:20:60 VlVlV).

Application 5 j,lL.

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.

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, MethodII).

Specific optical rotation (2.2.7)
-86.0 to -84.0 (dried substance).

Dissolve 1.00 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 described
in general chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.

Solution A dilute hydrochloric acidR1 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.

Reference solution (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 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) 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 (c) Dilute 6.0 mL of ammonium standard
solution (100 ppm NH4J 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 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. 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.

147-85-3115.1

(Ph. Bur. monograph 0785)

Action and use
Amino acid.

G. N1-(3-chlorophenyl)-N -(propan-2-yl)imidodicarbonimidic
diamide,

DEFINITION
(2S)-Pyrrolidine-2-carboxylic 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 colourless
crystals.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
Firstidentification: A.l B.

Secondidentification: A.l C.

A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison proline CRS.
_ C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in a 1 per cent VlV solution of hydrochloric acidR
and dilute to 50 mL with the same solution.

F. N 1- (3,4-dichlorophenyl)-N-(propan-2-yl)
imidodicarbonimidic diamide,

Proline

E. N-(4-chlorophenyl}-N'-cyanoguanidine,

PhEur _

D. NIp-bis(propan-2-yl)imidodicarbonimidic diamide,

____________________ PhEur
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_____________________ PhEur

53-60-1320.9

(Ph. Bur. monograph 1365)

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparations
Promazine Injection

Promazine Tablets

PhEur _

compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) AJ B. -

B. (2S)-2-amino-3-methylbutanoic acid (valine).

Promazine Hydrochloride

DEFINITION
Promazine hydrochloride contains not less than 99.0 per cent
and not more than the equivalent of 101.0 per cent of
3-( 1OH-phenothiazin-10-yl)-N,N-dimethylpropan-1-amine
hydrochloride, calculated with reference to the dried
substance.

A. (2S)-2-aminopropanoic acid (alanine),

CHARACTERS
A white or almost white, crystalline powder, slightly
hygroscopic, very soluble in water, in alcohol and in
methylene chloride.

It melts at about 179 cC.

IDENTIFICATION
First identification: A, B, D.
Secondidentification: B~ CJ D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
promazine hydrochloride CRS.

B. It complies with the identification test for phenothiazines
by thin-layer chromatography (2.3.3). Use promazine
hydrochloride CRS to prepare the reference solution.

C. Dissolve about 5 mg in 2 mL of sulfuric acidR and allow
to stand for 5 min. An orange colour is produced.

D~ It gives reaction (b) of chlorides (2.3.1).

Calculation ofpercentage contents:
- for Illy ninhydrin-positive substance detected at 570 nm,

use the concentration of impurity A 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,

Limits:
- 1.110' ninhydrin-positiue substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.5 per cent;
- repO"l1ing threshold: 0.05 per cent.

The thresholds indicated under Related substances
(fable 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 water R.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 10 mL of solution S to 15 mL with distilled waterR.

Amm.onilll.m.
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.

/rqfXtion 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 gin 10 mL of dilute
hydrochloric acid R. Shake with 3 quantities, each of 10 mL,
of methyl isobutylketoneRl, 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 (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 gin 3 mL of anhydrous formic acidR.
Add 30 mL of anhydrousacetic acid R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 AJ perchloric acid is equivalent to 11.51 mg of
Cs!4NOz·

STORAGE
Protected from light.

IMPURITIES
Other detectable impurities (the following substances would, if
present at a sufficientleoel, be detected by oneorotherof the tests

t in the monograph. They are limited by the general acceptance
criterion. for other/unspecified impurities. It is therefore not
necessary to identify these impurities for demonstration of
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PhEur _

(Ph. Bur. monograph 0524)

58-33-3

• Hel

320.9

Action and use
Histamine HI receptor antagonist; antihistamine.

Preparations
Promethazine Injection

Promethazine Oral Solution

Promethazine Hydrochloride Tablets

DEFINITION
(2RS)-N,N-Dimethyl-l-(1 OH-phenothiazin-l0-yl)propan-2
amine hydrochloride.

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

CHARACTERS
Appearance
\Vhite or faintly yellowish, crystalline powder.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent)
and in methylene chloride.

mp
About 222°C, with decomposition.

IDENTIFICATION
First identification: A, B, D.
Second identification: B, C, D.

A.Jnfrared absorption spectrophotometry (2.2.24).

Comparison promethazine hydrochloride CRS.

B. It complies with the identification test for phenothiazines
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 waterR. Add dropwise 1 mL of
nitric acidR. A precipitate is formed which rapidly dissolves
to give a red solution, becoming orange and then yellow.
Heat to boiling. The solution becomes orange and an
orange-red precipitate is formed.

D. It gives reaction (b) 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
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light and usefreshly prepared solutions.
Solventmixture triethylamine R, methanol R (1:1000 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.

Promethazine Hydrochloride

____________________ PhEur

A. 3-(1OH-phenothiazin-lO-yl)-N,N-dimethylpropan-l-amine
S-oxide (promazine sulfoxide).

TESTS
pH (2.2.3)
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent. The pH of the freshly
prepared solution is 4.2 to 5.2.

Related substances
Carryout the testprotected from bright light. Prepare the solutions
immediately before use.

Examine by thin layer chromatography (2.2.27), using a
TLC silica gel F254 plate R.

Test solution Dissolve 0.10 g of the substance to be
examined in a mixture of 5 volumes of diethylamine Rand
95 volumes of methanol R and dilute to 10 mL with the same
mixture of solvents.

Reference solution (a) Dilute 1 mL of the test solution to
200 mL with a mixture of 5 volumes of diethylamine Rand
95 volumes of methanol R.
Reference solution (b) Dissolve 10 mg of chlorprothixene
hydrochlorideCRS in a mixture of 5 volumes of diethylamine R
and 95 volumes of methanol R, add 1 mL of the test solution
and diluteto 10 mL with the same mixture of solvents.

Apply to the plate 10 J.1L of each solution. Develop over a
path of 15"cm using a mixture of 10 volumes of acetone R,
10 volumes of diethylamine R and 80 volumes of
cyclohexane R. Allow the plate to dry in air and 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 (a) (0.5 per cent).
Disregard any spot at the point of application. The test is not
valid unless the chromatogram obtained with reference
solution (b) shows two clearly separated principal spots.

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 0.250 g in a mixture of 5.0 mL of 0.01 M
hydrochloric acidand 50 mL of alcohol R. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the two points of
inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 32.09 mg of
C17HzICINZS.

STORAGE
Store protected from light.

IMPURITIES
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Reference solution (a) Dissolve 2.5 mg of promethazine for
peak identification CRS (containing impurities A, B and C) 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 10.0 mL with the solvent mixture.

Reference solution (c) Dissolve 5.0 mg of promethazine
impurity D CRS in the solvent mixture and dilute to
100.0 mL with the solvent mixture. Dilute 1 mL of this
solution to 100 mL with the solvent mixture.

Column:
- size: l =0.15 m, 0 =4.6 nun;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography with polarincorporated groups R (5 urn).

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 to
pH 7.0 with potassium hydroxide R.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 10 lJ.I..
Run time 2.5 times the retention time of promethazine.

Identification of impurities Use the chromatogram supplied
with promethazine for 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 0.5; impurity B = about 1.4;
impurity A = about 1.8.

System suitability:
- resolution: minimum 2.0 between the peaks due to

impurities B and A in the chromatogram obtained with
reference solution (a);

- the chromatogram obtained with reference solution (a) is
similar to the chromatogram supplied with promethazine
forpeak identification CRS.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 0.5;
- impurity B: not more than 8 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.8 per cent);

- impurity C: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- impurity A: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.1 per cent);

- impurity D: not more than the area of the corresponding
peak in the chromatogram obtained with 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 (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 ceQt);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

2020

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 a mixture of 5.0 mL of 0.01 M
hydrochloric acidand 50 mL of ethanol (96 per cent) 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 M sodium hydroxide is equivalent to 32.09 mg
of C I7HZ1C1NzS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D.

A. phenothiazine,

V
~ H CHaCHa

\:' - I

# N~N'CH

'6
.3 and enantiomer

S ~

~I

B. (2Rs)-N;N-dimethyl-2-(l OH-phenothiazin-1 O-yl)propan
I-amine (isopromethazine),

V
~ H

# N N'CH

'6
~H .... a andenantiomer

S CH3

~I
~

C. (2RS)-N-methyl-l-(lOH-phenothiazin-1 0-yl)propan-2
amine,

D. (2RS)-N,N-dimethyl-I-(1OH-phenothiazin-1 O-yl)propan
2-amine S-oxide.

____________________ PhEur
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66532-86-3300.8

(Ph. Bur. monograph 1366)

Action and use
Analgesic; antipyretic.

PhEur _

DEFINITION
4-(Acetylamino)phenyl (diethylamino)acetate hydrochloride.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystallinepowder.

Solubility
Freely soluble in water, slightlysoluble in anhydrous ethanol,
practically insoluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of propacetamol
hydrochloride.

B. It gives reaction (a) of chlorides (2.3.1).

Propacetamol Hydrochloride

95 volumes of methanol. Solution (1) contains 2% w/v of the
substance being examined. Solution (2) contains 0.02% w/v
of isopromethazine hydrochloride BPCRS. For solution (3)
dilute I volume of solution (1) to 200 volumes. For solution
(4) dilute 1 volume of solution (1) to 500 volumes. Allow the
plate to dry in air and examine under ultraviolet light
(254 nm). In the chromatogram obtained with solution (1)
any spot corresponding to isopromethazine is not more
intense than the spot in the chromatogram obtained with
solution (2) (1%), any other secondary spotis not more
intense than the spot 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
0.5% of its weight. Use I g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 1 g in 200 mL of acetone and carry out Method I
for non-aqueous titration, Appendix VITI A, using 3 mL of a
saturated solution of methylorange in acetone as indicator.
Each mL of a.1Mperchloric acid VS is equivalent to 49.90 mg
of C17HzoNzS,C7H7ClN40z.

STORAGE
Promethazine Teoclate should be protected from light.

17693-51-5

Action and use
Histamine HI receptor antagonist; antihistamine.

Preparation
Promethazine Teoclate Tablets

DEFINITION
Promethazine Teoclate is the (RS)-dimethyl(2-phenothiazin
lQ-ylpropyl)amine salt of 8-chlorotheophylline. It contains
not less than 98.0% and not more than 101.0% of
C17HZoN"ZS,C7HjCIN40z, calculated with reference to the
dried substance.

and enantiomer

o

~
H

MeN N
A rei

o N N
I

Me

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 1 mL of
5M 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
1 :II1L of chloroform JR. The infrared absorption spectrum of the
resulting solution, Appendix IT 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 hydrochloric acid to the aqueous solution. Filter
the white precipitate, wash with waterand dry at 105°.
Dissolve 10 mg of the residue in 1 rn.L of hydrochloric acid,
add 0.1 g of potassium 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 water for 2 minutes and filter.
15 mL of the filtrate complies with the limit testfor chlorides,
Appendix VII, but using 2 mL of nitric acidin place of the
1 mL of dilute nitric acid (350 ppm).

Related substances
Carry out the method for thin-layerchromatography,
Appendix ill A, using a silica gel FZ54 precoated plate
(Merck silica gel 60 FZ54 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 cm above the line of application.
Apply separately to the plate 10 ul, of each of the following
solutions in a mixture of 5 volumes of diethylamine and

Promethazine Teoclate
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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 solutiori A.

Column:
- size: 1=0.25 m, 0 =4.6 mm;
- stationaryphase: oetadecylsilyl silicagelfor chromatography R

(5 urn).

MoTfile phase acetonitrile R, solution A (30:70 VIV).

Flow rate 1 mlJrnin.

Detection Spectrophotometer at 246 nm.
Injection 20!J.L.

Run time Twice the retention time of propacetamo1.

Identification of impurities The chromatogram obtained with
reference solution (b) shows a peak due to impurity A
(I" peak) and a peak due to impurity B (2nd peak).

Relative retention With reference to impurity A:
impurity B = about 1.6.

Limits:
- impurity 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 paracetamol 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
paracetamol of 1.6).

Meth~ol

Gas chromatography (2.2.28).

Internal standardsolution Dilute 2.0 mL ofpropanol R to
20.0 mL with waterR. 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 waterR.

Test solution Dissolve 2.00 g of the substance to be
examined in waterR, add 2.0 mL of the internal standard
solution and dilute to 10.0 mL with waterR.

Reference solution Dilute 0.8 mL of methanolR to 50.0 mL
with waterR. Dilute 1.0 mL of the solution to 25.0 mL with
waterR. To 2.0 mL of this solution, add 2.0 mL of the
internal standard solution and dilute to 10.0 mL with
waterR.

Column:
- material: glass;
- size: l = 2 m, 0 = 2 mm.;
- stationary phase: carbon molecular sieve impregnated with

0.2 per cent of macrogo11500.

Carrier gas nitrogen for chromatography R.

Temperature:

TESTS
Solution S
Prepare the solution immediately before use Dissolve 1.75 g in
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 Y6 or BY6 (2.2.2, Method 11).

Absorb~ce (2.2.25)
Maximum 0.05, determined at 390 nm on solution S.

Impurity B
Thin-layer chromatography (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 to 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 acetonitrile 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.

lvlobile phase anhydrousformic acidR, water R, methanolR,
methylene chloride R (3:4:30:64 VIVIVIV).

Application 50 ul, of the test solution and of reference
solutions (b) and (c).

Development Over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm. Spray with
a 10 gIL solution of dimethylaminobenzaldehyde R in ethanol
(96 per cent) 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.
System suitability Reference solution (c):
- the chromatogram shows 2 clearly separated spots.

Limit:
- impurityB: 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 oaanesulfonate R in
900 mL of water 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 to 10.0 mL with solution A. Inject immediately.

Reference solution (a) Dissolve 50 mg of paracetamol R
(impurity A) 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.
Reference solution (b) Dissolve 10 mg of paracetamol 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.

Column

Injection port

Detector

Time
(min)

0-1.5

1.5 - 5.5

5.5 - 15.5

Tem.perature
CC)
60

60 -> 80

80

170

220
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PhEur _

____________________ PhEur

B. 4-aminophenol.

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 hydrochloride CRS.

B. To 5.0 mL of solution S (see Tests) add 2 drops of dilute
nitric acid 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
water R, and heat to boiling for 5 min. Allow to cool to room
temperature and dilute to 100.0 mL with carbon dioxide-free
water R.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2~ Method 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 methanolR and dilute to 100.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobile phase A
(35:65 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.

R4erencesolution (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 mL of reference solution (a)
to 10.0 mL with the solvent mixture.

Reference solution (c) Dissolve 5.0 mg of the substance to be
examined and 5.0 mg of propafenone impurityB CRS in the
solvent mixture and dilute to 50.0 mL with the solvent
mixture.

Column:
- size: 1= 0.15 m, 0 =4.6 mm,
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 urn) with a specific surface area of
320-350 mZ/g and a pore size of 12-13 nm,

- temperature: 30°C.

Mobilephase:
- mobile phaseA: 3.42 gIL solution of dipotassium hydrogen

phosphate trihydrate R adjusted to pH 2.5 with phosphoric
acid R,

- mobile phaseB: acetonitrile for chromatography R,

34183-22-7

, HC)

377.9

o O~N~CH3
~/\H

() ()" 0"

~ I ~ I and enantiomer

Action and use
Class I antiarrhythmic.

(Ph. Bur. monograph 2103)

. (YNHz

HO~

Detection Flame ionisation.

Injection 2 ilL.

Limit:
- methanol: calculate the ratio (R) of the area of the peak.

due to methanol to the area of the peak due to the
internal standard from the chromatogram obtained with
the reference solution; from the chromatogram obtained
with the test solution, calculate the ratio of the area of any
peak due to methanol to the area of the peak due to the
internal standard: this ratio is not greater than R
(500 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 (2.4.14)
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.iof acetic anhydride R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 Mperchloric acid is equivalent to 30.08 mg
of C14Hz 1Cn'fz03.:
STORAGE
Protected from humidity.

IMPURITIES
Specifiedimpurities A~ B.

Propafenone Hydrochloride

A. N-(4-hydroxyphenyl)acetamide (paracetamol),

. OOHo I ~
H C)lN #

3 H

DEFINITION
1-[2-[(2RS)-2-Hydroxy-3-(propylamino)propoxy]phenyl]-3
phenylpropan-1-one hydrochloride.

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

0-8

8 - 20

20 - 30

Mobile phase A
(per cent VIV)

65

65 - 30
30

Mobile phase B
(per cent VJlI)

35

35 -70

70

o O~N~CH3

~
H OH H"> ~ I

~ ~ and enantiomer

E. 1-[2-[(2RS)-3-chloro-2-hydroxypropoxy]phenyl]-3
phenylpropan-I-one,

D. 1-[2-[(2RS)-2,3-dihydroxypropoxy]phenyl]-3
phenylpropan-1-one,

o

and enantiomer

and enantiomer

and enantiomer

o

o O~CI

~
H OH

~ I ~ I
~ ~

B. (2E)-1-[2-[(2RS)-2-hydroxy-3-(propylamino)propoxy]
phenyl]-3-phenylprop-2-en-1-one,

o O~OH
~HOH .
() () and enantiomer

C. 1-[2-[[(2RS) -oxiranyl]methoxy] phenyl] -3-phenylpropan-1
one,

F. 1,1'-[2-hydroxypropane-1 ,3-diylbis (oxy-2,1-phenylene)]bis
(3-phenylpropan-1-one),

G. 1,1 '-[propyliminobis[(2-hydroxypropane-3,1-diyl)oxy-2,1
phenylene]] bis(3-phenylpropan-1-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 ul, of the test solution, reference solutions (a),
(b) and (c) and of the solvent mixture as a blank.

Relative retention 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 suitabzlity Reference solution (c):
- resolution: minimum 3.0 between the peaks due to

impurityB and propafenone.

Limits:
- impurities B, C, D, F;, G: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent),

- any otherimpurity: 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)
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
In order to avoid ouerheating.during the titration, mix thoroughly
throughout and stop the titration immediately after the end-point
has been reached.

Dissolve 0.300 gin 2 mL of anhydrous formic acid R.
Add 50 mL of acetic anhydrideR. Titrate with 0.1 M
perchloricacid, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

1 mL of 0.1 M perchloric acid is equivalent to 37.79 mg
of CZIHzsClN03'

IMPURITIES
Specified impurities B, C, D, F, G.

Other detectable impurities (rilefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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) A, E, H.

o OH

~.. l ~·IVV
H. (2RS)-2-phenyl-2,3-dihydro-4H-l-benzopyran-4-one.
____________________ PhEur

A. 1-(2-hydroxyphenyl)-3-phenylpropan-1-one,
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(Ph. Bur. monograph 2036)

Propanol

40
40 -> 200

200

240

240

Temperature
CC)

Time
(min)

0-12
12 - 28
28 - 38

Injection port

Detector

Column

Detection Flame ionisation.

Injection 1~.

System suitability Reference solution (b):
- resolsdon: minimum 2.0 between the peaks due to

impurities D and E.

Limits:
- any impurity: not more than the area-of the peak due to

r propanol in the chromatogram obtained with reference
solution (a) (0.1 per cent);

- total: not more than 3 times the area of the peak due to
propanol in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- disregard limit: 0.1 times the area of the peak due 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 laO-105°C to
constant mass. The residue weighs a maximum of 2 mg.

Water (2.5.12)
Maximum 0.2 per cent, determined on 10 g.

STORAGE
Protected from light.

IMPURITIES

slowly changes its colour from violet to red. After 30 min,
the test solution is not less intensely coloured (2.2.2,
MethodII) than 10.0 mL of a reference solution prepared 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 water R.

Related substances
Gas chromatography (2.2.28).

Testsolution The substance to be examined.

Reference solution (a) 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 solution (b) Mix 0.1 mL of acetone R and 0.1 mL
of 2-propanol R and dilute to 100 mL with the test solution.

Column:
- material: fused silica;
- size: 1= 30 m, (2) = 0.25 mm;
- stationary phase: poly[(cyanopropyl) (phenyl))[dimethyl]

siloxane R (film thickness 1.4 !Jl11).

Carrier gas helium for chromatography R.
Linearvelocity 25 cm/s.

Split ratio 1:200.

Temperature:

71-23-8

0.300

0.100

0.030

0.020

0.010

Absorbance A

60.1

230

250

270

290

310

Wavelength
(nm)

C3HsO
PhEur _

DEFINITION
Propan-1-ol.

CHARACTERS
Appearance
Clear, colourless liquid.

Solubility
Miscible with water and with ethanol.

IDENTIFICATION
Firstidentification: C, B.
Second identification: A., B., D.
A. Refractiveindex (2.2.6): 1.384 to 1.387.

B. Boiling-point (2.2.12): 96°C to 98 -c.
C. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum ofpropanol.

D. To 1.0 mL add 0.10 g of dinitrobenzoyl 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. Wash the crystals formed on cooling with heptane R
and dry in vacuum (2 kPa, at room temperature for 24 h).
The small, colourless, shiny plates melt (2.2.14) between
71°C and 74 DC.

TESTS
Appearance
The substance to be examined is clear (2.2.1) and colourless
(2.2.2, Method If). Dilute 2 mL to 10 mL with water R. After
5 min, the solution is clear (2.2.1).

Acidity or alkalinity
To 10.0 mL of carbon dioxide-free water R add 0.1 mL of
phenolphthalein solution Rand 0.01 M sodium hydroxide until
the solution becomes pale pink. After addition 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
0.01 M sodium hydroxide. The solution is pink.

Absorbance (2.2.25)
Measure the absorbance between 230 nm and 310 nm using
waterR as the compensation liquid. The absorbance A is not
greater than the following values.

The absorption curve does not show any peaks,

Reducing substances
Place 10.0 mL in a test
a water bath at 20 DC.
add 1.0 mL of a freshly nre:Oal~ea.v.JlO:~~.L

potassium permanganate R.

HaC-OH

A. methanol,
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11-732 Propantheline Bromide 2020

____________________ PhEur

CHARACTERS
Appearance
White or yellowish-white, slightly hygroscopic powder.

Solubility
Very soluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 60 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 nm.

Absorption maxima At 246 nm 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 gin 15 mL of waterR and add 1 mL of
strong sodium hydroxide solution R. Boil for 2 min and cool
slightly. Add 7.5 mL of dilute hydrochloric acidR and filter.
Wash· the residue with waterRand recrystallise from ethanol
(50 per cent VI}) R. Dry at 100-105 DC for 1 h. Dissolve
about 10 mg of the residue in 5 mL of sulfuric acidR.
The solution has an intense yellow colour and shows an
intense yellowish-green fluorescence when examined in
ultraviolet light at 365 nm.

e. Dissolve 50 mg in 0.1 mL of waterR in a 25 mL flask
and add 1 mL of a saturated solution of potassium
permanganate R. Attach a fractionating column and a
condenser, with the end of the delivery tube immersed in
1 mL of waterR 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 waterR
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. .Mi4 and allow to
stand at 0 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 sulfate R, mix and allow 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).

Solventmixture acetonitrile R, waterR (40:60 VIV).

Testsolution (a) Dissolve 6 mg of the substance to be
examined in the solvent mixture and dilute to 50 mL with
the solvent mixture,

Testsolution (b) Dissolve 6 mg of the substance to be
examined in 30 II'lL of the solvent mixture. Add 5 mL of
reference solution (b) and dilute to 50 mL with the solvent
mixture.

Testsolution (c) Dissolve 6 mg of xanthydrol R1 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

(Ph. Bur. monograph 0857)

Yi.
a H3CI'::'CH3

I ~ ~N-CH3
o >-CH3 Br-

a ~ H3C

~I

Propantheline Bromide

F. butan-2-o1 (sec-butanol),

OH

A
H3C CH3

H. butan-l-ol (n-butanol),

~OK,
H3C

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).

Action and use
Anticholinergic.

Preparation
Propantheline Tablets

G. 2-methylpropan-l-01 (isobutanol),

CH3
I . OH

H3C~

e.propanal,

B. ethanol,

PhEur _

D. propanone (acetone),

E. isopropyl alcohol (2-propanol),

H oa
HsC0 and enantiomer

CH3

I. pentan-I-ol (n-pentanol),

H3c~aH

J. hexan-l-01 (n-hexanoD.
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PhEIff _

Propofol

2078-54-8178.3

(ph. Bur. monograph 1558)

Action and use
Intravenous general anaesthetic.

Preparation
Propofol Injection

DEFINITION
2,6-Bis(1-methylethyl)phenoI.

Content
98.0 per cent to 102.0 per cent.

This monograph applies to propofol prepared using
distillation for purification.

CHARACTERS
Appearance
Colourless or very light yellow, clear liquid.

Solubility
Very slightly soluble in water, miscible with hexane and with
methanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison propofol CRS.

TESTS
Refractive index (2.2.6)
1.5125 to 1.5145.

Related substances
Liquid chromatography (2.2.29).

TeSt solution (a) Dissolve 1.00 g of the substance to be
examined in hexaneR and dilute to 10.0 mL with the same
solvent.

Testsolution (b) Dissolve 0.240 g of the substance to be
examined in hexaneR and dilute to 100.0 mL with the same
solvent.

Reference solution (a) Dissolve 5 ~L of the substance to be
examined and 15 ul, of propofol impurity J CRS in hexane R
and dilute to 50.0 mL with the same solvent.

Reference solution (b) Dilute 0.1 mL of propofol forpeak
identification 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 hexaneR. Dilute 1.0 mL of this solution to
10.0 mL with hexane R.
Reference solution (d) Dissolve 0.240 g of propofol CRS in
hexane R and dilute to 100.0 mL with the same solvent.

Column:
- size: l =0.20 m, 0 =4.6 nun;
- stationary phase: silica gelfor chromatography R (5 urn).

Mobz1e phase anhydrous ethanol R, acetonitrile R, hexane R
'(1.0:7.5:990 V/V/V).

Flow rate 2.0 mlJmin.

Detection Spectrophotometer at 275 nm.

____________________ PhEur

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: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Mixture of equal volumes of acetonitrile Rand
of a solution containing 28 gIL of sodium perchlorate Rand
11 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 mlJmin.

Detection Spectrophotometer at 206 nm.

Injection 20 IlL oftest solutions (a), (b), (c) and reference
solution (a).

Run time Twicejhe retention time of propantheline.

System suitability, Test solution (c):
- in the chromatogram obtained with test solution (a), there

is no peak corresponding to the principal peak in the
chromatogram obtained with reference solution (a);

- resolution: minimum 8.0 between the peaks due to
propantheline and xanthydroI.

Limits Test solution (b):
- any impurity: for each impurity, not more than the area of

the peak due to xanthydrol (1.0 per cent), and not more
than one such peak has an area greater than or equal to
0.5 times the area of the peak due to xanthydrol
(0.5 per cent);

- disregard limit. disregard any peak with a retention time
relative to propantheline of less than 0.2 (bromide);
disregard the peak due to xanthydrol.

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 0.400 gin 50 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 perchloric acid corresponds to 44.84 mg
of CZ3H30BrN03'

STORAGE
In an airtight container.

www.webofpharma.com



11-734 Propofol 2020

A. 2,4-bis(1-methylethyl)phenol,

Detection Flame ionisation.

Injection 1~ 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 °=about 1.03.
System suitability 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 propofol,

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 the percentage content of C12H1SO using the
declared content of propofol CRS.

STORAGE
Protected from light under an inert gas.

IMPURITIES
Specified impurities E, G,J, K, L, O.
Other,detectable 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 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, B, C, D, F, H, I,
N,P.

Injection 10 ul, of test solution (a) and reference
solutions (a), (b) and (c).

Run time 7 times the retention time ofpropofoI.

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 0.5;
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 Cal:
- resolution: minimum 4.0 between the peaks due to

impurity J and propofol,

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correctionfaetor: impurity E =0.25;
impurity G = 5.0;

- impurity 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);

- impurityE: 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 impurities: 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);

- total: not more than 3 times the area of the peak due to
propofol 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).

Testsolution 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 mLofthetestsolution 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 ilL ofpropojol
impurity J CRS (corresponding to 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 rng ofpropofo! CRS in
reference solution (b) and dilute to 1 mL with the same
solution.

Column:
- material: fused silica;
- size: I =30 m, (2) =0.32 m.m;
- stationary phase: polymethy1:phenylsz1oxane 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

Time
(min)

0-3

3 - 25

25 - 40

Temperature
("C)

80

80 -+ 210

210

100

270

B. 2-(1-methyiethenyl)-6-(1-methylethyl)phenol,
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C. 2-(1-methylethyl)phenol,

p:~
H3CYV

CH3

D. 2,5-bis(1-methylethyl)phenol,

E. 3,3';5,5'"'-tetrakis(1-methylethyl)biphenyl-4,4'-diol,

F. 3-(1-methylethyl)phenol,

G. 2-( l-methylethoxy)-I.)3-bis(I-methylethyl)benzene,

Propranolol Hydrochloride 11-735

L. 2,2-dimethyl-4-( I-methylethyl)-l ,3-benzodioxole,

N. 4-hydroxy-3,5-bis(1-methylethyl)benzoic acid,

O. 2-( I-methylethyl)-6-propylphenol,

P. l-methylethyl 4-hydroxy-3,5-bis(1-methylethyl)benzoate.
____________________ PhEur

Propranolol Hydrochloride
(Ph. Bur. monograph 0568)

H. 4-( l-methylethyl)phenol, 295.8 318-98-9

I. oxydibenzene,

J. 2,6-bis(1-methylethyl)benzene-l,4-dione,

K. 1-(1-methylethoxy)-2-(I-methylethyl)benzene,

Action and use
Beta-adrenoceptor antagonist.

Preparations
Propranolol Prolonged-release Capsules

Propranolol Injection

Propranolol Oral Solution

Propranolol Tablets

PhEur _

DEFINITION
(2RS)-1-[(1-Methylethyl)amino]-3-(naphthalen-l
yloxy)propan-2-ol hydrochloride.

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

CHARACTERS
Appearance
White or almost white powder.

Solubility
Soluble in water and in ethanol (96 per cent).
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11-736 Propranolol Hydrochloride

IDENTIFICATION
First identification: B, D.
Second identification: A, C, D~
A. Melting point (2.2.14): 163°C to 166 °C.

R Infrared absorption spectrophotometry (2.2.24).

Comparison propranolol hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Testsolution 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 1 mL of methanol R.

Plate TLC silica gel G plate R.

Mobile phase concentrated ammoniaR1, methanol R
(1:99 VIV).

Application 10 J.lL.
Development Over a path of 15 em.

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 (l0-15 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 methanol R 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 methylred
solution Rand 0.2 mL of 0.01 M hydrochloric acid; the
solution is red. Add 0.4 mL of 0.01 M sodium hydroxide; the
solution is yellow.

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) Dissolve 10.0 mg of propranolol
hydrochloride for performance testCRS in the mobile phase and
dilute to 10.0 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 to 10.0 mL with the mobile phase.

Column:
- size: 1=0.25 m; 0 =4.6 rom;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Mix 1.6 g of sodium laurilsulfate Rand 0.31 g
of tetrabutylammonium dihydrogen phosphate R in a mixture of
1 mL of sulfuric acid R, 450 mL of waterR and 550 mL of
acetonitrile R; adjust to pH 3.3 using dilute sodium hydroxide
solution R.

Flow rate 1.8 mL/min.

Detection Spectrophotometer at 292 nm.

2020

Equilibration For at least 30 min.

Injection 20 J.LL.
Run time 7 times the retention time of propranolol.

Identification of impurities Use the chromatogram supplied
with propranolol hydrochloride for performance testCRS to
identify the peak due to impurity A.

System suitabzlity Reference solution (a):
- baseline separation is obtained between the peaks due to

impurity A and propranolol.

Limits:
- any impurity: for each impurity, not more than 0.5 times

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)
(0.4 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 per cent) 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 29.58 mg
of C16H2zClNOZ'

IMPURITIES

co
~ HpH

.. # O~OHand enantiomer

~I

A. (2RS)-3-(naphthalen-l-yloxy)propane-1,2-diol (diol
derivative) ,

B. 1,1'-[(I-methylethyl)imino]bis [3-(naphthalen-1-yloxy)
propan-z-ol] (tertiary amine derivative),

C. 1,3-bis(naphthalen-l-yloxy)propan-2-o1 (bis-ether
derivative) .

____________________ PhEur
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2020 Propyl Gallate n-737

PhEur _

(Ph. Bur. monograph 1039)

____________________ PhEur

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Apply separately to the plate 5 JlL of each solution. Develop
over a path of 8 em using a mixture of 10 volumes of
anhydrous formic acidR, 40 volumes of ethylformate R and
50 volumes of toluene R. Allow the plate to dry in air for
10 min and spray with a mixture of 1 volume of ferric chloride
solution R1 and 9 volumes of ethanol (96 percent) R. Any spot
due to gallic acid in the chromatogram obtained with test
solution (a) is not more intense than the spot in the
chromatogram obtained with reference solution (b)
(0.5 per cent). The test is not valid unless the chromatogram
obtained with reference solution (c) shows 2 clearly separated
principal spots.

Total chlorine
Mix 0.5 g with 2 g of calcium carbonate R1. Dry and ignite at
700 ± 50°C. Take up the residue with 20 mL of dilute nitric
acidR and dilute to 30 mL with waterR. -15 mL of the
solution, without further addition of dilute nitric acidR,
complies with the limit test for chlorides (2.4.4) (200 ppm).

Chlorides (2.4.4)
To 1.65 g add 50 mL of water R. Shake for 5 min. Filter.
15 mL of the filtrate complies with the limit test for chlorides
(100 ppm).

Zinc
Not more than 25 ppm of Zn, determined by atomic
absorption spectrometry (2.2.23, MethodII).
Testsolution To 2.5 mL of the test solution prepared as
described in general chapter 2.4.8 (method C), add 2.5 mL
of water R.
Reference solutions Prepare the reference solutions using zinc
standard solution (10 ppm Zn) R, diluted as necessary with
waterR.
Measure the absorbance at 213.9 nm using a zinc hollow':'
cathode lamp as the source of radiation and an air-acetylene
flame.

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 methanol R and dilute to 250.0 mL with
the same solvent. Dilute 5.0 mL of the solution to 200.0 mL
with methanol R. Measure the absorbance (2.2.25) at the
absorption maximum at 275 nm.

Calculate the content of ClOH1ZOS taking the specific
absorbance to be 503.

A. 3,4,5-trihydroxybenzoic acid (gallic acid).

121-79-9212.2

°HO« ~CH3I 0HO ~

OH

DEFINITION
Propyl gallate contains not less than 97.0 per cent and not
more than the equivalent of 103.0 per cent of propyl
3,4,5-trihydroxybenzoate, calculated with reference to the
dried substance.

CHARACTERS
A white or-almost white, crystalline powder, very slightly
soluble in water, freely soluble in ethanol (96 per cent).
It dissolves in dilute solutions of alkali hydroxides.

IDENTIFICATION
First identification: B.

Secondidentification: A, C, D.
A. Melting point (2.2.14): 148°C to 151 -c,
E. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with propyl
gallate CRS.
C. Examine the chromatograms obtained in the test for gallic
acid. 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 10 mL of water R by heating to
about 70°C. Cool and add 1 mL of bismuth subnitrate
solution R. A bright yellow precipitate is formed.

TESTS
Appearance of solution
Dissolve 1.0 g in ethanol (96 per cent) R and dilute to 20 mL
with the same solvent. The solution is clear (2.2.1) and not
more intensely coloured than reference solution BYs (2.2.2,
Method II).

Gallic acid
Examine by thin-layer chromatography (2.2.27), using silica
gel GRas the coating substance.

Test solution (a) Dissolve 0.20 g of the substance to be
examined in acetone R and dilute to 10 mL with the same
solvent.

Test solution (b) Dilute 1 mL of test solution (a) to 20 mL
with acetone R.
Reference solution (a) Dissolve 10 m.g of propyl gallate CRS
in acetone R and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 20 mg ofgallic acidR in
acetone R and dilute to 20 mL with the same solvent. Dilute
1 mLof the solution to 10 mL with acetone R.
Reference solution (c) Dilute- 0.5 mL of test solution (b) to
5 mL with reference solution (b).

Action and use
Antioxidant.

Propyl Gallate
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11-738 Propyl Hydroxybenzoate 2020

PhEur _

Propyl Hydroxybenzoate
Propylparaben

(Propyl Parahydroxybenzoate, Ph. Bur. monograph 0431)

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 BY6 (2.2.2, Method II).

Acidity
To 2 mL of solution S add 3 mL of ethanol (96 percent) R,
5 mL of carbon dioxide-free waterR and 0.1 mL of bromocresol
green solution R. Not more than 0.1 mL of 0.1 M sodium
hydroxide is required to change the colour of 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 mobile phase. Dilute JO.O mL of this solution to
100.0 mL with the mobile phase.

Reference solution (a) Dissolve 5 mg of 4-hydroxybenzoic
acidR (impurity A), 5 mg of ethylparahydroxybenzoate R
(impurity e) 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 m, 0 = 4.6 ITIm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase 6.8 gIL solution ofpotassium dihydrogen
phosphate R, methanol R (35:65 VIV).

Flow rate 1.3 mL/min.

Detection Spectrophotometer at 272 nm.

Injection 10 IlL of the test solution and reference
solutions (a) and (c).

Run time 2.5 times the retention time of propyl
parahydroxybenzoate.

Relativeretention With reference to propyl
parahydroxybenzoate (retention time = about 4.5 min):
impurity A = about 0.3; impurity e = about 0.7.

System suitabzlity Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurity e 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 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 twice the area of the principal peak in
the chromatogram obtained with reference solution (c)
(1.0 per cent); ,

94-13-3180.2

o

d
~CH3

I 0

HO ~

Action and use
Antimicrobial preservative.

DEFINITION
Propyl 4-hydroxybenzoate.

Content
98.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightly 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).

Comparison propyl parahydroxybenzoate CRS.
e.Thin-layer chromatography (2.2.27).

Testsolution (a) Dissolve 0.10 g of the substance to be
examined in acetone R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 1 mL oftest 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 the same solvent.

Reference solution (b) Dissolve 10 mg of ethyl
parahydroxybenzoate CRS in 1 mL of test solution (a) and
dilute to 10 mL with acetone R.

Plate TLC octadecylsilyl silica gelF254 plate R.
Mobile phase glacial acetic acidR, waterR, methanol R
(1:30:70 VIVIV).

Application 2 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 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 test solution (b) is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).
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- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.1 per cent).

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 (b).

Calculate the percentage content of C lOH120 3 from the
declared content of propylparahydroxybenzoate CRS.

IMPURITIES
Specified impurities A.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of 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 necesscz!Y to identify these impurities for
demonstration of complz'ance. See also 5.10. Control of impurities
in substancesfor pharmaceutical use) B, C, D.

~COOH

HO~

A. 4-hydroxybenzoic acid,

o

d· ,..CHa

I 0

HO ~

B. methyl 4-hydroxybenzoate (methyl parahydroxybenzoate),

C. ethyl4-hydroxybenzoate (ethyl parahydroxybenzoate),

D. butyl 4-hydroxybenzoate (butyl parahydroxybenzoate).
____________________ PhEur

Propylene Glycol
(Ph. Eur. monograph 0430)

H OH
~OH and enantiomer

HaC

Propylene Glycol 11-739

PhEur _

DEFINITION
Propylene glycol is (RS)-propane-1,2-d.io1.

CHARACTERS
A viscous, clear, colourless, hygroscopic liquid, miscible with
water and 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 DC.

D. To 0.5 mL add 5 mL ofpyridine Rand 2 g of finely
ground nitrobenzoyl chloride R. Boil for 1 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
in boiling ethanol (80 per cent V/V) R and filter the hot
solution. On cooling, crystals are formed which, after drying
at 100-105 DC, melt (2.2.14) at 121°C to 128 DC.

TESTS
Appearance
It is clear (2.2.1) and colourless (2.2.2, Alethod11).

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 R1. The solution is greenish-yellow. Not more
than 0.05 mL of 0.1 M sodium hydroxide is required to
change the colour of the indicator to blue.

Oxidising substances
To 10 mL add 5 mL of waterR, 2 mL of potassium iodide
solution R and 2 mL of dilute sulfuric acidR 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 starchsolution R as indicator. Not more than 0.2 mL
of 0.05 M sodiumthiosulfate is required.

Reduclng substances
To 1 mL add 1 mL of dilute ammoniaR1 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 silvernitrate 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 (2.4.14)
Heat SO g until it burns and ignite. Allow to cool. Moisten
the residue with sulfuric acid R and ignite; repeat the
operations. The residue weighs not more than 5 mg
(0.01 per cent).

STORAGE
Store in an airtight container.
____________________ PhEur

76.1

Action and use
Excipient.

Preparation
Propylene Glycol Solution

57-55-6
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11-740 Propylene Glycol Dicaprylocaprate 2020

Propylene Glycol Dlcaprylccaprate Temperature:

PhEur _

__~_~ PhEur

Detection Flame ionisation.

Composition of thefatty-acidfraction of the substance:
- 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;
- lauric acid: maximum 3.0 per cent;
- myristic acid: 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.

DEFINITION
Mixture of propylene glycol ((2RS)-propane-1,2-diol) mono
and diesters oflauric (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.

Plate TLC silica gelplateR.

Mobile phase hexane R, ether R (30:70 VIV).

Application 10 ilL.
Development Over a path of 15 em.

Drying In air.

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

70

70 -+ 240

240

250

250

Temperature
CC)

Time
(min)

0-1

1 - 35

35 - 50

Column

Injection port

Detector

(Ph. Bur. monograph 2087)

Action and use
Excipient.

Propylene Glycol Dilaurate

(Ph. Bur. monograph 2122)

Action and use
Excipient.

PhEur _

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
H"rst identification: C, D.

Second identification: A, B, C, B.

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 mf'a-s to 13 mf'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,
Method II).

Acid value (2.5.1)
Maximum 0.2.

Hydroxyl value (2.5.3, MethodA)
Maximum 10.

Iodine value (2.5.4)
Maximum 1.0.

Peroxide value (2.5.5, MethodA)
Maximum 1.0.

Saponification value (2.5.6)
315 to 340.

Alkaline impurities
Dissolve 2.00 g of the substance to be examined in a mixture
of 1.5 mL of ethanol (96 per cent) Rand 3.0 mL of ether R.
Add 0.05 mL of bromophenol bluesolution R. Not more than
0.15 mL of 0.01 M hydrochloric acid is required to change the
colour of the indicator to yellow.

Composition of fatty acids
Gas chromatography (2.4.22, Method C). Prepare reference
solution (a) as indicated in Table 2.4.22.-2.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 mm;
- stationary phase: macrogol20 000 R (film thickness

0.5 11m).
Carrier gas helium for chromatography R.

Floo: rate 1.3 mllmin.

Split ratio 1:100.
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_____________________ PhEur

PhEur _

Propylene Glycol Monolaurate

CxM
mx 10

(100 -A -B)
y

X+y

STORAGE
Protected from moisture.

DEFINITION
Mixture of propylene glycol ((2RS)-propane-I,2-diol) mono
and diesters of lauric (dodecanoic) acid.

Content
- propylene glycol monolaurate (type I): 45.0 per cent to

70.0 per cent of monoesters and 30.0 per cent to
55.0 per cent of diesters,

- propylene glycol monolaurate (type II): minimum
90.0 per cent of monoesters and maximum 10.0 per cent
of diesters.

(ph. Bur. monograph 1915)

Action and use
Excipient.

[~ (100-A -B)]-D
X+Y .

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
monolaurate CRS in methylene chloride R and dilute to 2 mL
with the same solvent.

- diesters: calculate the percentage content ofdiesters using
the following expression:

- monoesters: calculate the percentage content of monoesters
using the following expression:

t»: acid value (see Tests);
200 rounded molar mass of lauric acid, in grams per mole;
56.11 molar mass of potassium hydroxide, in grams per mole.

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 monoesters and free fatty acids;
Y area of the peak due to diesters.

- free fatty acids: calculate the percentage content of free
fatty acids (D) using the following expression:

I A x 200
56.11 x 10

Detection Spray with a 0.1 gIL solution of rhodamine 6 G R
in ethanol (96 per cent) R and examine in ultraviolet light at
365 nm.
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, Method A)
Maximum 1.0.

Saponification value (2.5.6) _
230 to 250.

Composition of fatty acids (2.4.22, Method C)
Use the mixture of calibrating substances in Table 2.4.22.-2.

Composition of thefatty 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.

Total 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
flask and dilute to 25.0 mL with tetrahydrofuranR.

Test solution In a 15 mL flask, weigh 0.200 g (m).
Add 5.0 mL of tetrahydrofuran R and shake to dissolve.
Reweigh the flask and calculate the total mass 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 tetrahydrofuran 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,
- stationaryphase: styrene-divinylbenzene copolymer R (5 urn)

with a pore size of 100m.

Mobile phase tetrahydrofuran R.

Flow rate 1 mIJmin.

Detection Differential refractometer.

Injection 40 ~lL.

Relative retention With reference to propylene glycol:
diesters = about 0.85; monoesters = about 0.90.

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:
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PhEur _

_____________________ PhEur

I A X 200

56.11 x 10

Action and use
Excipient.

(100 -A - B)
y

X+y

DEFINITION
Mixture of propylene glycol mono- and diesters and of
stearic (octadecanoic) and palmitic (hexadecanoic) acids,
produced by the condensation of propylene glycol and stearic
acid 50 of vegetable or animal origin (see Stearic
acid (1474)).

Content
Minimum of 50.0 per cent of monoesters.

[~ (100-A-B)]-D
X+Y

CxM
m x 10

fA acid value (see Tests);
200 rounded molar mass of lauric acid, in grams per mole;
56.11 molar mass of potassium hydroxide, in gramsper mole.

- free fatty acids: calculate the percentage content of free
fatty acids (D) using the following expression:

LABELLING
The label states the type of propylene glycol monolaurate
(type I or type II).

STORAGE
Protected from moisture.

- monoesters: calculate the percentage content of monoesters
using the following expression:

Relativeretention With reference to propylene glycol:
diesters =about 0.85; monoesters =about 0.90.

Calculations:
- freepropylene 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:

Propylene Glycol
Monopalmitostearate
Propylene Glycol Monostearate

(Ph. Bur. monograph 1469)

- diesters: calculate the percentage content of diesters using
the following expression:

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 monoesters and free fatty acids;
Y area of the peak due to diesters.

Plate TLC silica gelplate R.
lI;Iom1e phase hexaneR, etherR (30:70 VlV).

Application 10 flL.

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 per cent) R and examine in ultraviolet light at
365 nm.

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 to 245 for propylene glycol monolaurate (type I) and
200 to 230 for propylene glycol monolaurate (type II).

Composition of fatty acids (2.4.22, Method C)
Use the mixture of calibrating substances in Table 2.4.22.-2.

Composition of thefatty 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;
- myristicacid: maximum 3.0 per cent;
- palmitic acid: maximum 1.0 per cent.

Free propylene glycol
Maximum 5.0 per cent for propylene glycol monolaurate
(type 1) and maximum 1.0 per cent for propylene glycol
monolaurate (type II), determined as prescribed under Assay.

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g.

Total 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 rnL with tetrahydrofuran R.

Test solution In a 15 rnL flask, weigh 0.200 g (m).
Add 5.0 mL of tetrahydrofuran R and shake to dissolve.
Reweigh the flask and calculate the total mass ofsolvent and
substance (M).

Reference solutions Into four 15 rnL 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 tetrahydrofuran R. In a fifth
15 mL flask, introduce 5.0 rnL of stock solution. Weigh each
flask and. calculate the concentration of propylene glycol in
milligrams per gram for each reference solution.

Column:
- size: l = 0.6 rn, 0 = 7 mrn;
- stationary phase: styrene-divinylbenzene copolymer R (5 urn)

with a pore size of 100m.

Mobzle phase tetrahydrofuran R.

Flow rate 1 mIJmin.
Detection Differential refractometer.

Injection 40 flL.
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L« acid value.

_____________________ PhEur

51-52-5170.2

Action and use
Thiourea antithyroid drug.

Preparation
Propylthiouracil Tablets

(Ph. Bur. monograph 0525)

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 (2.2.14): 217 -c to 221°C.

E. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
propylthiouracil CRS. Examine as discs prepared using 1 mg
of substance and 0.3 g of potassium bromide R.
e. Examine the chromatograms obtained in the test for
impurity A and related substances in ultraviolet light at
254 nm 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).

STORAGE
Protected from light.

Propylthiouracil

A
-- x (100 -D)
A+B

IA x270
---

561.1

PhEur _

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.

A area of the peak due to the monoesters,
B area of the peak due to the diesters,
D percentage content of free propylene glycol + percentage

content of free fatty acids which is determined using the
following expression:

- monoesters: calculate the percentage content of monoesters
using the following expression:

CxM
mx 10

CHARACTERS
Appearance
White or almost white, waxy solid.

Solubility
Practically insoluble in water, soluble in acetone and in hot
alcohol.

IDENTIFICATION
A. Melting point (see Tests).

B. Composition of fatty acids (see Tests).

e. It complies with the assay (monoesters content).

TESTS
Melting point (2.2.15)
33°C to 40 "C.

Acid value (2.5.1)
Maximum 4.0, determined on 10.0 g.

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)
The fatty acid fraction has the following composition:
- stearic acid: 40.0 per cent to 60.0 per cent,
- sum of contents ofpalmitic acid and stearic acid: minimum

90.0 per cent.

Free propylene glycol
Maximum 5.0 per cent, determined as prescribed under
Assay.

Total ash (2.4.16)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Size-exclusion chromatography (2.2.30).

Test solution In a 15 mL flask, weigh about 0.2 g (m), to the
nearest 0.1 mg. Add 5.0 mL of tetrahydrofuran R and shake
to dissolve. Heat gently, if necessary. Reweigh the flask and
calculate the total mass of solvent and substance (M).

Reference solutions In four 15 mL flasks, weigh, to the
nearest 0.1 mg, about 2.5 mg, 5.0 mg, 10.0 rng and 20.0 mg
of propylene glycol R. Add 5.0 mL of tetrahydrofuran R and
shake to dissolve. Weigh the flasks again and calculate the
concentration of propylene glycol in milligrams per gram for
each reference solution.

Column:
- size: l = 0.6 m, (2) = 7 mm,
- stationary phase: styrene-dioinylbenzene copolymer R (particle

diameter 5 urn, pore size 10 nm).

Mobilephase tetrahydrofuran R.
Flow rate 1 mUmin.
Detection Differential refractometer.

Injection 40 J.LL.
Relative retention With reference to propylene glycol:
diesters = about 0.78, monoesters = about 0.84.

Limits:
- freepropylene glycol: from the calibration curve obtained

with the reference solutions, determine the concentration
(C) in milligrams per gram in the test solution and
calculate the percentage content in the substance to be
examined using the following expression:
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II-744 Propyphenazone

D. To about 20 mg add 8 mL of bromine water R 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 R1. 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 GF254 plate R.

Test solution (a) Dissolve 0.1 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 1 mL of test solution (a) to 10 mL
with methanol R.
Reference solution (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 the same solvent.
Dilute 1 mL of this solution to 100 mL with methanol R.

Reference solution (c) Dilute 1 mL of test solution (a) to
100 mL with methanol R.

Apply separately to the plate 10 ul, of each solution. Develop
over a path of 15 em using a mixture of 0.1 volumes of
glacial acetic acid R, 6 volumes of 2-propanol Rand
50 volumes of chloroform R. Allow the plate to dry in air.
Examine in ultraviolet light at 254 nm. 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 the 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 (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
To 0.300 g add 30 mL of waterRand 30.0 mL of 0.1 M
sodium hydroxide. Boil and shake until dissolution is complete.
Add 50 mL of 0.1 M silvernitrate while stirring, boil gently
for 5 min and cool. Titrate with 0.1 M 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 volume 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
C7HlON20S.

STORAGE
Store protected from light.

IMPURITIES

2020

Propyphenazone
(Ph. EUT. monograph 0636)

230.3

Action and use
Pyrszolone analgesic.

PhEur _

DEFINITION
1,5-I)imethyl-4-(I-methylethyD-2-phenyl-1,2-dihydro-311
pyrazol-3-one.

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.

IDE..~CATION

First identification: A~ B.
Secondidentification: A, C~ D.
A. Melting point (2.2.14): 102 °C to 106 °C.

R 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 to 5 mL with the same
solvent.

Reference solution Dissolve 80 mg of propyphenazone CRS in
methanolR and dilute to 5 mL with the same solvent.

Plate TLC silica gelF254 plateR.

Mobilephase butanol R, cyclohexane R, ethylacetate R
(10:45:45 V/V/V).

Application 5 IlL.
Development Over 2/3 of the plate.

Drying In a current of hot air for 15 min.

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.

D. To 1 mL of solution S (see Tests) add 0.1 mL offem'c
chloride solution R1. A brownish-red colour appears which
becomes yellow on addition of 1 mL of dilute hydrochloric
acidR.

A. thiourea.

TESTS
Solution S
Dissolve 2 g in a mixture of equal volumes of carbon dioxide
free taaterR and ethanol (96 per cent) R and dilute to 50 mL

____________________ Ph Eur with the same mixture of solvents.

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

www.webofpharma.com
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Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of phenolphthalein
solution R. The solution is colourless. Add 0.2 mL of 0.01 M
sodium hydroxide; the solution becomes pink. Add 0.4 mL of
O. 01 M hydrochloric acid; the solution becomes colourless.
Add 0.2 mL of methyl redsolution R. The solution becomes
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 1 mg of the substance to be
examined and 1 mg ofphenazoneR (impurity A) in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25m, 0 =4.0 mm;
- stationary pliase: end-capped octylsilyl silica gelfor

chromatography R (5 J.lII1).

Mobzle phase Dissolve 13.7 g of potassium dihydrogen
phosp-hqte R in 900 mL of waterR, adjust to pH 5.2 with
dilute sodium hydroxide solution R and dilute to 1000 mL with
waterR. Mix 60 volumes of the solution and 40 volumes of
acetonitrile R1.

Flow rate 1.2 mIJmin.
Detection Spectrophotometer at 210 nm.

Injection 20 JlL.
Run time 4 times the retention time of propyphenazone.

Relativeretention With reference to propyphenazone
(retention time = about 7 min): impurity A =about 0.4.

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

impurity A and propyphenazone.

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).

Loss on drying (2.2.32)
Maximum 0.5 per cent) determined on 1.000 g by drying in
vacuo at 60 DC for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 0.5 g.

ASSAY
Dissolve 0.200 gin 10 mL of anhydrous acetic acidR and add
75 mL of ethylene chloride R. 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 23.03 mg of
C1,J!lSN20.

STORAGE
Protected from light.

Protamine Sulfate 11-745

IMPURITIES
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
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 for pharmaceutical use) A, B, C.

A. 1,S-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one
(phenazone),

o OCH3

~~--LjH'.
N~CH3

CH3

B. 5-methoxy-3-methyl-4-(1-methylethyl)-1-phenyl-1H
pyrazole,

andenantiomer

C.4-[(IR5)-1,3-dimethylbutyl]-1,S-dimethyl-2-phenyl-1,2
dihydro-3H-pyrazol-3-one.

____________________ PhEur

Protamine Sulfate
Protamine Sulphate

(Ph. Bur. monograph 0569)

9009-65-8

Action and use
Antidote to heparin.

Preparation
Protamine Sulfate Injection

PhEur _

DEFINITION
Protamine sulfate consists of the sulfates of basic peptides
extracted from the sperm or roe of fish, usually species of
Salmonidae and Clupeidae. It binds with heparin. in solution,
inhibiting its anticoagulant activity; in the conditions of the
assay this binding gives rise to a precipitate. Calculated with
reference to the dried substance, 1 mg of protamine sulfate
precipitates not less than 100 ill of heparin.

PRODUCTION
The animals from which protamine sulfate is derived must
fulfil the requirements for the health of animals suitable for
human consumption.
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11-746 Protamine Sulfate

CHARACTERS
Appearance
"White or almost white, hygroscopic powder.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Specific optical rotation (2.2.7): -85 to -65 (dried
substance).

Dissolve 1.000 g in 0.1 M hydrochloric acidand dilute to
100.0 mL with the same solvent.

B. In the conditions of the assay, protamine sulfate forms a
precipitate.

C. To 0.5 mL of solution S (see Tests) add 4.5 rnL of
waterR, 1.0 mL of a 100 gIL solution of sodium hydroxide R
and 1.0 rnL of a 0.2 gIL solution of a-naphthol R and mix.
Cool the mixture to 5°C. Add 0.5 mL of sodium hypobromite
solution R. An intense red colour is produced.

D. Heat 2 rnL of solution S in a water-bath at 60°C, add
0.1 rnL of mercuric sulfate solution R and mix. No precipitate
is formed. Cool the mixture in iced water. A precipitate is
formed.

E. It gives reaction (a) of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.20 g in waterR and dilute to 10.0 rnL with the
same solvent.

Appearance of solution
The solution is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution BY6 or Y6 (2.2.2, MethodII).
To 2.5 rnL of solution S add 7.5 rnL of water R.

Absorbance (2.2.25)
Maximum 0.1 between wavelengths of 260 nm and 280 nm.

Dilute 2.5 rnL of solution S to 5.0 rnL with water R.

Sulfate
16 per cent to 24 per cent (dried substance).

Dissolve 0.150 gin 15 mL of distilled water R in a beaker.
Add 5 rnL of diluie hydrochloric acidR. Heat to boiling and
slowly add to the boiling solution 10 mL of a 100 g/L
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 waterR and dilute to 10 mL
with the same solvent.

Mercury
Maximum 10 ppm.

Introduce 2.0 g of the substance to be examined into a
250 mL ground-glass-stoppered conical flask and add 20 rnL
of a mixture of equal volumes of nitric acidR and sulfuric
acidR. Boil under a reflux condenser for 1 h, cool and
cautiously dilute with waterR. Boil until nitrous fumes are no
longer seen. Cool the solution, cautiously dilute to 200.0 mL
with waterR, mix and filter. Transfer 50.0 mL of the filtrate
to a separating funnel. Shake with successive small portions
of chloroform R until the chloroform layer remains colourless.
Discard the chloroform layers. To the aqueous layer add

2020

25 mL of dilute sulfuric acidR, 115 mL of waterR and 10 mL
of a 200 g/L solution of hydroxylamine hydrochloride R. Titrate
with dithizone solution R2; after each addition, shake the
mixture 20 times and towards the end of the titration allow
to separate and discard the chloroform layer. Titrate until a
bluish-green colour is obtained. Calculate the content of
mercury using the equivalent in micrograms of mercury per
mil1ilitre of titrant, determined in the standardisation of the
dithizone solution R2.

Nitrogen
21.0 per cent to 26.0 per cent (dried substance).

Carry out the determination of nitrogen by sulfuric acid
digestion (2.5.9), using 10.0 mg and heating for 3-4 h.

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.

Bacterial endotoxins {2.6.14)
Less than 7.0 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Test solution (a) Dissolve 15.0 mg of the substance to be
examined in waterR and dilute to 100.0 rnL with the same
solvent.

Test solution (b) Dilute 2.0 rnL of test solution (a) to
3.0 mL with waterR.
Test solution (c) Dilute 1.0 rnL of test solution (a) to
3.0 rnL with waterR.
Use as titrant a 6-fold dilution of heparin sodium BRP in
waterR (for example, 1.7 mL diluted to 10.0 rnL 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 until there 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-proof container. If the substance is
sterile, store in a sterile, airtight, tamper-proof container.
_____________________ PhEur
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Protirelin
(Ph. Bur. monograph 1144)

Protirelin 11-747

Mobile phase:
- mobile phaseA: a mixture of 100 mL of acetonitrile jor

chromatography R, 1900 mL of water R and 2.0 g of
sodium octanesulfonate R, containing 2.5 mIJL of
tetraethylammonium hydroxide solution R; adjust to pH 3.5
with phosphoric acidR,

- mobile phaseB: a mixture of 300 mL of acetonitrile for
chromatography R, 1700 mL of waterRand 2.0 g of
sodium octanesulfonate R, containing 2.5.mIJL of
tetraethylammonium hydroxide solution R; adjust to pH 3.5
with phosphoric acidR,

362.4

Action and use
Thyrotrophin-releasing hormone.

24305-27-9

Time
(min)

0-30

30 - 35

35 - 50

Mobile phase A
(per cent VIP)

74 41

41 74

74

Mobile phase B
(per cent VIP)

26 59

59 26

26

PhEur _

DEFINITION·
5-0xo-L-prolyl-'-L-histidyl-L-prolinamide.

Synthetic tripeptide with the same sequence of amino acids
as the natural hypothalamic neurohormone, which stimulates
the release an~ synthesis of thyrotropin.

Content
97.0 per cent to 102.0 per cent (anhydrous and acetic acid
free substance).

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 protirelin 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, Method II).

Specific optical rotation (2.2.7)
-62 to -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 ofa vial of
D-His-protirelin CRS in an appropriate volume of mobile
phase A to obtain a concentration of 1 mg/mL.
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: 1=0.25 m, 0 =4.0 mm,
- stationary phase: spherical octadecylsilyl silica gelfor

chromatography R (5 urn) with a pore size of 12 nm.

Flow rate 1 mlJmin.

Detection Spectrophotometer at 210 nm.

Injection 10 j.tL.

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.

Systemsuitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity A and protirelin,
-:- symmetry factor. 0.9 to 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 the principal peak in
the chromatogram obtained with reference solution (b)
(0.1 per cent).

Acetic acid (2.5.34)
Maximum 2.0 per cent.

Testsolution Dissolve 40.0 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 solvents.

Water (2.5.12)
Maximum 7.0 per cent, determined on 0.200 g.

Bacterial endotoxins (2.6.14)
Less than 0.7 IV/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
protirelin CRS in an appropriate volume of mobile phase A to
obtain a concentration of 1.0 mg/mL.

Calculate the content of protirelin (C16HzzN604) using the
peak areas of the chromatograms obtained with the test
solution andthe reference solution and the declared content
of C16HzzN604 in protirelin CRS.
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11-748 Protriptyline Hydrochloride 2020

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-proof container.

LABELLING
The label states the mass of peptide in the container.

LVIPURITIES
Specified impurities A~ B~ C, D, E.

Protriptyline Hydrochloride

cC(? .ac

NHMe

Action and use
Monoamine reuptake inhibitor; tricyclic antidepressant.

DEFINITION
Protriptyline Hydrochloride is 3-(5H-dibenzo[a,dlcyclohept
5-yl)propyl(methyl)amine hydrochloride. It contains not less
than 99.0% and not more than 101.0% of C19Hz 1N,HCI,

calculated with reference to the dried substance.

1225-55-4299.8

A. 5-0xo-L-prolyl-D-histidyl-L-prolinamide,

B. 5-0xo-D-'prolyl-L-histidyl-L-prolinamide,

C. 5-0xo-L-prolyl-L-histidine,

CHARACTERISTICS
A white to yellowish white powder.

Freely soluble in water and in ethanol (96%); practically
insoluble in ether.

IDENTIFICATION
A. Dissolve 0.1 gin 10 mL of water,make alkaline with
1M sodium hydroxide, extract with 5 mL of chloroform, dry
with anhydrous sodiumsulfate 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% w/v solution, 5.0 to 6.5, Appendix V L.

Loss on drying
When dried to constant weight at 60° 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 titration,
Appendix VITI A, using 0.7"g and crystal violetsolution as
indicator. Each mL of 0.1Mperchloric acid VS is equivalent to
29.98 mg of C19Hz 1N,HCl.

D. 5-oxo-L-prolyl-L-histidyl-L-proline,

r N
0

HN~ h j[
<« H..oY:;F>'N

HN :

H
o

Proxymetacaine Hydrochloride

,Hel

E. (3S,8aS)-3-(IH-imidazol-4-ylmethyl)
hexahydropyrrolo[1,2-a]pyrazine-l ,4-dione (cyclo(-L
histidyl-L-prolyl-)).

____________________ PhEur

5875-06-9

Action and use
Local anaesthetic.

Preparation
Proxymetacaine Eye Drops
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PhEur _

Proxyphylline

603-00-9238.2

(ph. Bur. monograph 0526)

DEFINITION
Proxyphylline contains not less than 98.5 per cent and not
more than the equivalent of 101.0 per cent of 7-[(2RS)-2
hydroxypropyl] -1,3-dimethyl-3,7-dihydro-lH-purine-2,6
dione, calculated with reference to the dried substance.

CHARACTERS
A white or almost white, crystalline powder, very soluble in
water, soluble in alcohol.

IDENTIFICATION
Firstidentification: B, C.

Second identification: A, C, D.

A. Melting point (2.2.14): 134°C to 136 °C.

R. 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 mg of the substance to be examined in
0.3 g of potassium bromide R.

(e) After removal of the plate, dry in air, examine under
ultraviolet light (254 nm).

MOBILE PHASE

4 volumes of glacial acetic acid, 20 volumes of cyclohexane and
80 volumes of 1,4-dioxan.

LIMITS

Any secondary spotin the chromatogram obtained with
solution (1) is not more intense than the spot in the
chromatogram obtained with solution (2) (0.25%).
The principal spot remains on or near the line of application.

Loss on drying
When dried at 105° 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-aqueous titration,
Appendix vm A, using 0.25 g, 20 mL of mercury(II) acetate
solution and l-naphtholbenzein solution as indicator. Each mL
of O.lM perchloric acid VS is equivalent to 16.54 mg of
C16Hz6Nz03,HCI.

STORAGE
Proxymetacaine Hydrochloride should be protected from
light.

Action and use
Non selective phospho-diesterase inhibitor; treatment of
reversible airways obstruction.

DEFINITION
Proxymetacaine Hydrochloride is 2-diethylaminoethyl
3-amino-4-propoxybenzoate hydrochloride. It contains not
less than 98.0% and not more than 102.0% of C16Hz6Nz03,
HCI, calculated with reference to the dried substance.

CHARACTERISTICS
A white or almost white, crystalline powder.

Soluble in water; very soluble in absolute ethanol; practically
insoluble in ether.

IDENTIFICATION
A. The light absorption, Appendix II B, in the range 220 to
350 nm ofaO.002% w/v solution exhibits three maxima, at
231, 268 and 310 nm. The absorbancesat the maxima at
268 nm and at 310 run are about 0.58 andabout 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% w/v solution yields the reaction characteristic of
primaryaromatic amines and the reactions characteristic of
chlorides, Appendix VI.

TESTS
Acidity
pRof a 1% w/v solution, 5.7 to 6.4, Appendix V L.

Related substances
A. Carry out the method for thin-layer chromatography,
Appendix ill A, using the following solutions of the
substance being examined in methanol.

(1) 2.0% w/v of the substance being examined.

(2) 0.020% w/v of the substance being examined.

(3) 0.010% w/v of the substance being examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel GF254•

(b) Use the mobile phase as described below.

(c) Apply 10 ~ of each solution.

(d) Develop the plate to 15 cm.

(e) After removal of the plate, dry in air, heat at 105° for
10 minutes, allow to cool and examine under ultraviolet light
(254 nm).

MOBILE PHASE

5 volumes of diethylamine, 30 volumes of ethyl acetate and
75 volumes of toluene.

UMITS

Any secondary spotin the chromatogram obtained with
solution (1);

is not more intense than the spot in the chromatogram
obtained with solution (2) (1%);

not more than one such spot 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,
Appendix ill A, using the following solutions in methanol.

(1) 2.0% w/v of the substance being examined.

(2) 0.0050% w/v of 3-amino-4-propoxybenzoic acidBPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gelGF254•

(b) Use the mobile phase as described below.

(c) Apply 10 !!L of each solution.

(d) Develop the plate to 15 ern.
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PhEur __----------------__

_____...,.- PhEur

Pseudoephedrine Hydrochloride

345-78-8201.7

Action and use
Adrenoceptor agonist.

Preparations
Pseudoephedrine Oral Solution

Pseudoephedrine Tablets

(ph. Bur. monograph 1367)

Dissolve 0.200 g in 3.0 mL of anhydrous formic acid Rand
add 50.0 mL of acetic anhydride R. Titrate with 0.1 1\1
perchloric aciddetermining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 23.82 mg of

ClOHl~403'

STORAGE
Store protected from light.

DEFINITION
(IS,2S)-2-(Methylamino)-l-phenylpropan-I-ol
hydrochloride.

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 ethanol (96 per cent),
sparingly soluble in methylene chloride.

mp
About 184°C.

IDENTIFICATION
First identification: A, B, D.

Secondidentification: A, C, D.

A. Specific optical rotation (see Tests).

B. Infrared absorptionspecrrophotometry (2.2.24).

Comparison pseudoephedrine hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 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 pseudoephedrine
hydrochloride CRS in methanolR and dilute to 10 mL with the
same solvent.

Reference solution (b) Dissolve 10 mg of ephedrine
hydrochloride CRS in reference solution (a) and dilute to
5 mL with reference solution (a).

Plate TLC silica gelplate R.

C. Dissolve 1 ginS mL of acetic anhydride R and boil under
a reflux condenser for 15 min. Allow to cool and add
100 mL of a mixture of 20 volumes of etherRand
80 volumes of lightpetroleum 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 lightpetroleum R, recrystallise from alcohol R
and dry in vacuo. The crystals melt (2.2.14) at 87°C to
92 DC.

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, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.25 mL of bromothymol blue
solution Rl. The solution is yellow or green. Not more than
0.4 mL of 0.011\11 sodiumhydroxide is required to change the
colour of the indicator to blue.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gelHF254 R as the coating substance.

Testsolution Dissolve 0.3 g of the substance to be examined
in a mixture of 20 volumes of waterRand 30 volumes of
methanolR 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 methanolR.

Reference solution (b) Dilute 0.2 mL of the test solution to
100 mL with methanolR.

Reference solution (c) Dissolve 10 mg of theophylline R in
methanol R, add 0.3 mL of the test solution and dilute to
10 mL with methanolR.

Apply separately to the plate 10 J.lL of each solution. Develop
over a path of 15 em using a mixture of 1 volume of
concentrated ammonia R, 10 volumes of ethanolRand
90 volumes of chloroform R. Allow the plate to dry in air and
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 reference solution (a)
(1 per cent) and at most one such spot is more intense than
the spot in the chromatogram obtained with 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.

Chlorides (2.4.4)
Dilute 2.5 mL of solution S to 15 mL with waterR.
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 to avoid overheating in the reaction medium, mix
thoroughly throughout and stop the titration immediately afterthe
end-point has been reached.
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DEFINITION
Neutral polysaccharide produced by the growth of
Aureobasidium pullulans. It has a chain structure consisting of
a.-(l-+6;-linked maltotriose units, each of which is composed

OH ° HOt o, HOt o, H

HO O~O~O
OH OH OH n

Action and use
Excipient.

Pullulan
(ph. Bur. monograph 2603)

A. (1R,2S)-2-(methylamino)-1-phenylpropan-l-01
(ephedrine).

Limits:
- impurityA: 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 the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.5 per cent);

- sum of impurities other thanA: 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).

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 gin 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 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 20.17 mg
of ClOH16ClNO.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Mobile phase methylene chloride R, concentrated ammonia R,
2-propanol R (5: 15:80 VIVIV).

Application 10 ilL.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydrin solution R and heat at 110°C
for 5 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 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
Dissolvel.25 g in carbon dioxide-free water R 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 II).

Acidityor alkalinity
Dilute 2 mL of solution S to 10 mL with carbon dioxide-free
waterR. Add 0.1 mL of methyl redsolution R and 0.1 mL of
0.01 M sodium hydroxide; the solution is yellow. Add 0.2 mL
of 0.01 M 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 (a) 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 mobile phase.

Reference solution (b) 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.

Column:
- size: I =0.25 m, (2) =4.6 mm;
- stationary phase: phenylsz1yl silica gelfor chromatography R

(5 urn),

Mobile phase Mix 6 volumes of methanol R and 94 volumes
of an 11.6 gIL solution of ammonium acetate R previously
adjusted to pH 4.0 with glacial acetic acidR.
Flow rate 1 mlJrnin.
Detection Spectrophotometer at 257 nm.

Injection 20 /lL.
Run time 1.5 times the retention time of pseudoephedrine.

Relative retention With reference to pseudoephedrine
(retention time = about 18 min): impurity A = about 0.9.

System suitability Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

impurity A and pseudoephedrine; if necessary, reduce the
content of methanol in the mobile phase.
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Action and use
Anthelminthic.

(Ph. Bur. monograph 1680)

DEFINITION
1-Methyl-2-[(E)-2-(thiophen-2-yl)eth-1-en-1-yl]-1,4,5,6
tetrahydropyrimidine hydrogen 4,4'-methylenebis(3
hydroxynaphthalene-2-carboxylate) .

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
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 pyrantelembonate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use and protect from light.

Solventmixture Mix 5 volumes of glacial acetic acidRand
5 volumes of waterR, then add 2 volumes of diethylamine R
with cooling. .

Pyrantel Embonate

PhEur -:- _

Loss on drying (2.2.32)
Maximum 6.0 per cent, determined on 1.000 g by drying in
vacuo at 90 DC for 6 h.

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
sulfuric acidR and heating until a green colour is obtained
(about 1.5 h) to complete the decomposition and add strong
sodium hydroxide solution R until a dark brown colour is
obtained (about 90 mL).

Microbial contamination
TAMC: acceptance criterion 102 CFU/g (2.6.12).

STORAGE
In an airtight container.

dilution factor for the test solution;
dilution factor for the reference solution;
absorbance of the test solution;
absorbance of the blank solution;
absorbance of the :refi:rence solution.

CHARACTERS
Appearance
White or almost white, very hygroscopic powder.

Solubility
Freely soluble in water, practically insoluble in anhydrous
ethanol and in methylene chloride.

IDENTIFICATION
A. Dissolve 10 gin 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 units/mL solution of
pullulanase R. Incubate at 25°C for about 20 min.
A substantial decrease in viscosity is observed.

C. Dissolve 2 gin 100 mL of waterR. To 10 mL of the
solution, add 2 mL of macrogol 600 R. A white precipitate is
formed immediately.

TESTS
pH (2.2.3)
4.5 to 6.5.

Dissolve 1.0 gin 10 mL of carbon dioxide-free waterR.

Viscosity (2.2.9)
100 mm2·s-1 to 180 mm2·s-1 •

Dissolve 10.0 g (dried substance) in waterR to make 100 g
of solution, adding the substance to be examined in small
quantities while stirring. Carry out the test at 30 ± 0.1 DC.

Mono-, di- and oJigosaccharides
Maximum 10.0 per cent for the sum of mono-, di- and
oligosaccharides.

Stock solution Dissolve 0.80 g (dried substance) in waterR,
adding the substance to be examined in small quantities
while stirring, and dilute to 100.0 mL with the same solvent.

Test solution To 1.0 mL of the stock solution, add 0.1 mL
of a saturated solution ofpotassiumchloride R (2 gin 5 mL).
Mix vigorously with 3 mL of methanolR. Centrifuge at
12000-16000 gfor 10 min maintaining at 4 DC. Use the
supernatant.

Reference solution Dilute 1.0 mL of the stock solution to
50.0 mL with 'Water R.
Blank solution water R.

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 sulfun'c acidRI. Stir immediately, then heat
at 90 DC 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 nm, using
waterR as the compensation liquid.

Calculate the percentage content of mono-, di- and
oligosaccharides using the following expression:

of three ct-(1-+4)-linked n-giucopyranose units. It may
contain some maltotetraose units.
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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.
Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with the mobile phase.

Reference solution (a) Dissolve 10.0 mg of pyrantel
impurity A CRS in the solvent mixture, add 2.5 mL of test
solution (b) and dilute to 50.0 mL with the solvent mixture.
Dilute 2.0 mL of this solution to 100.0 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.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationliryphase: silica gelfor chromatography R (5 urn);
- temperature: 30 "C.

Mobile phase Solvent mixture, acetonitrile for
chromatography R (72:928 VIV)o

Flow rate .. 1 mIJmin.
Detection ..~ Spectrophotometer at 288 nm and, for
impurity D, at 238 nm.

Injection 20 ~L of test solution (b) and reference
solutions (a) and (b); for impurity D, 50 ~L of test
solution (a) and reference solution (c).

Run time 4 times the retention time of pyrantel.

Identification of impurities 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): embonic acid = about 0.5;
impurity A = about 1.3; impurity D = about 2.2.

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

pyrantel and impurity A.

Calculation of percentage contents:
- for impurity D, use the concentration of impurity D in

reference solution (c);
- for impurities other than D, use the concentration of

pyrantel in reference solution (b).

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

0.10 per cent;
- sum of impurities otherthan D (excluding 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 acidRand 30 mL of
water R. Heat on a water-bath for 5 min. Cool, dilute to
50 mL with waterR, mix well and filter.

Sulfates (2.4.13)
Maximum 0.1 per cent.

To 0.50 g add 2.5 mL of dilute nitric acidR 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.

Pyrantel Embonate 11-753

Ignite 0.66 g at 800 ± 50 "C for 2 h. Dissolve the residue in
2.5 mL of dilute hydrochloric acidR with gentle heating for
10 min. Cool and dilute to 50 mL with waterR.

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 0.1 percent, determined on 1.0 g.

ASSAY
To 0.450 g add 10 mL of acetic anhydride Rand 50 mL of
glacial acetic acidR, heat at 50 "C and stir for 10 min. Allow
to cool (a clear solution is not obtained). Titrate with 0.1M
perchloric acid, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

1 mL of 0.1 M perchloric acidis equivalent to 59.47 mg of
C3J!30NZ0 6S,

STORAGE
Protected from light.

IMPURITIES
Specified impurities D.

Otherdetectable impurities (thefollow-ing 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 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~ B, C.

A. I-methyl-2-[(Z)-2-(thiophen-2-yl)eth-1-en-1-yl]-1,4,5,6
tetrahydropyrimidine,

B. (E)-N- [3-(methylamino)propyl]-3-( thiophen-2-yl)prop-2
enamide,

DOHC S

C. thiophene-2-carbaldehyde,

D. 1,2-dimethyl-1 ,4,5,6-tetrahydropyrimidine.
____________________ PhEur
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Pyrazinamide
Appearance ofsolution
Solution S is dear (2.2.1) and colourless (2.2.2) Method II).

Acidity or alkalinity
To 25 mL of solution S add 0.05 mL of phenolphthalein
solution R1 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 solution is 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 use.

Test solution Dissolve 50 mg of the substance to be
examined in water R 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 (aJ 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.
Reference solution (b) Dissolve 10 mg of pyrazine-2
carbonitrile 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
water R.

Column:
- size: l = 0.25 m, 0 = 4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 um);
- temperature: 30°C.

Mobzle 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 dilute phosphoric acidRand
dilute to 1000 mL with waterR; add 10.0 mL of
acetonitrile R and 1.0 mL of tetrahydrofuran R.

Flow rate 2.0 mUmin.
Detection Spectrophotometer at 270 nm.

Injection 40 J.Ll..
Run time 4 times the retention time of pyrazinamide.

Identification ofimpurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity B.

Relative retention With reference to pyrazinamide (retention
time =about 5 min): impurity B =about 1.6.

System suitabzlity Reference solution (b):
- resolution: minimum 4.0 between the peaks due to

pyrazinamide and impurity B.

Limits:
- impurity B: not more than the area of the principal peak in

the chromatogram. obtained with reference 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 with reference solution (a)
(0.05 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: 0.3 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.

98-96-4123.1

(Ph. Bur. monograph 0859)

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.
Secondidentification: A, B) D.

A. Melting point (2.2.14): 188 -c to 191 -c.
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution (aJ- Dissolve 50.0 mg in waterR and dilute to
100.0 mL with the same solvent.

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with waterR.

Test solution (c) Dilute 2.0 mL of test solution (a) to
100.0 mL with water R.

Spectral range 290-350 nm for test solution (b);
230-290 nm for test solution (c).

Absorption maxima At 310 nm for test solution (b);
at 268 nm for test solution (c).

Specific absorbance at the absorption maximum at 268 nm
640 to 680 for test solution (c).

e. Infrared absorption spectrophotometry (2.2.24).

Comparison pyrazinamide CRS.

If 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 0.1 ginS mL of water 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.
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TESTS
Solution S
Dissolve 1.0 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~ Method II).

Acidity or alkalinity
To 40 mL of solution S add a few drops of methylred
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 hydrochloric acid. The solution is red.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 mg of the substance to 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 (a) Dissolve 4 mg of pyridostigmine
bromide CRS, 4 mg of pyridostigmine 'impurity A CRS and
4 mg of pyridostigmine 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 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 10.0 mL of this
solution to 50.0 mL with the mobile phase.

Reference solution (c) Dilute 5.0 mL of reference solution (b)
to 20.0 mL with the mobile phase.

Column:
- size: I =0.25 m, 0 =4.0 mm;
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (5-10 urn).

Mobile 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 with phosphoric acidR.

Flow rate 1.1 mL/min.

Detection Spectrophotometer at 220 nm.

Injection 20 /lL.
Run time Twice the retention time of pyridostigmine.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A and B.

Relativeretention With reference 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:
- impurities A~ B: for each impurity, not more than twice the

area of the principal peak in 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 area of the principal peak in 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 with reference
solution (b) (0.5 per cent);

- disregard limit: the area of the principal peak in the '
chromatogram obtained with reference solution (c)

101-26-8261.1

Action and use
Cholinesterase inhibitor.

Preparation
Pyridostigmine Tablets

(Ph. Bur. monograph 1255)

DEFINITION
3- [(Dimethylcarbamoyl)oxy]-l-methylpyridinium bromide.

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

CHARACTERS
Appearance
White or almost white, crystalline, deliquescent powder.

Solubility
Very soluble 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).

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 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 12.31 mg of
CsHsN30.

IMPURITIES
Specified impurities B.

Otherdetectable impurities (the following substances toould, if
present at a sufficient leoel, be detected by oneor otherof the tests
in the monograph. They are limitedby thegeneral 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 for pharmaceutical use) A.

Pyridostigmine Bromide

B. pyrazine-2-carbonitrile.

A. pyrazine-2-carboxylic acid,
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B. 3-hydroxy-1-methylpyridinium.

CHARACTERS
Appearance
White or almost white, crystalline powder.

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

mp
About 205°C, with decomposition.

IDENTIFICATION
Firstidentification: 13, 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 0.1 M hydrochloric acid.

Solution B Dilute 1.0 mL of solution A to 100.0 mL with
0.1 M hydrochloric acid.

Solution 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
chapter 2.2.3.

Spectral ranges 250-350 nm for solution B; 220-350 nm for
solution C.

Absorption maxima 288-296 nm for solution B; 248-256 nm
and 320-327 nm for solution C.

Specific absorbances at the absorption maxima:
- 425-445 for solution B at 288-296 nm;
- 175-195 for solution C at 248-256 nm;
- 345-365 for solution eat 320-327 nm.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pyridoxine hydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 1.0 g of the substance to be examined
in waterR and dilute to 10 mL with the same solvent. Dilute
1 mL of this solution to 10 mL with waterR.
Reference solution Dissolve 0.10 g of pyridoxine
hydrochloride CRS in waterR and dilute to 10'mL with the
same solvent.

Plate TLC silica gel G plateR.
Moblle phase concentrated ammonia R, methylene chloride R,
tetrahydrofuran R, acetone R (9:13:13:65 V/V/VIV).
Application 2 J.lL.
Development In an unsaturated tank, over a path of 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
I gIL solution of dichloroquinonechlorimide 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 and size to
the principalspot in the chromatogram obtained with the
reference solution.

D. Solution S gives reaction (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.

58-56-0

• Hel

205.6

H3CX&N,,:::
I # OH

HO

OH

(Ph. Bur. monograph 0245)

(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 gin 10 mL of anhydrous acetic acidR.
Add 40 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 perchloric acidis equivalent to 26.11 mg
of C9H13BrNzOz.

STORAGE
In an airtight container, protected from light. If the substance
is sterile, store in a sterile, airtight, tamper-proof container,
protected from light.

IMPURITIES
Specified impurities A, B.

DEFINITION
(5-Hydroxy-6-methylpyridine-3,4-diyl)dimethanol
hydrochloride.

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

Pyridoxine Hydrochloride

0+
HO~N'CHa

A. pyridin-3-yl dimethylcarbamate,

°0HaC, )l ~N
N °I
CHa

Action and use
Vitamin B6.

Preparations
Pyridoxine Tablets

Vitamins Band e Injection

When vitamin B6 is prescnbed or demanded, Pyridoxine
Hydrochloride shall be dispensed or supplied.
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PhEtr _

____________________ PhEur

58-14-0

CI

248.7

Action and use
Dihydrafolate reductase inhibitor; antiprotozoal (malaria).

Preparation
Pyrimethamine Tablets

DEFINITION
5-(~<:bJorophenyD-6-ethylpyrimidine-2,4-diamine.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Dissolve 0.150 ginS mL of anhydrous formic acidR.
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.

1 mL of 0.1 M perchloric acid is equivalent to 20.56 mg of
CsHI2CIN0 3.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities B.

0tJzer detectable impurities (thefollowing substances 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/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) A.

Pyrimethamine
(ph. Bur. monograph 0288)

B. 5-(hydroxymethyl)-2,4-dimethylpyridin-3-01.

A. 6-methyl-l,3-dihydrofuro [3,4-c]pyridin-7-01,

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method II).

pH (2.2.3)
2.4 to 3.0 for solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25 mg of the substance to be
examined in water 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 water R. Dilute 1.0 mL of this solution to
10.0 mL with water R.

Reference solution (b) Dissolve 2.5 mg of pyridoxine
impurity A CRS and 2.5 mg of 4-deoxypyridoxine
hydrochloride R (impurity B) in water R and dilute to
10.0 mL with the same solvent. Dilute 2.0 mL of this
solution to 10.0 mL with waterR.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobilephase Dissolve 2.72 g of potassium dihydrogen
phosphate R in 900 mL of waterR, adjust to pH 3.0 with
dilute phosphoric acid R and dilute to 1000 mL with waterR.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 210 nm.

Injection 5 IlL.

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 1.7;
impurity B =about 1.9.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities A and B.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity B by 1.5;
- impurity B: 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 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).

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
In order to avoid overheatingin the reaction medium, mix
thoroughly throughout and stop the titration immediately after the
end-point has been reached.
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Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent).

iDENTIFICATION
First identification: C.

Second identification: A, B, D.
A. Melting point (2.2.14): 239 -c to 243 -c.
E. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 0.14 g in anhydrous ethanol Rand
dilute to 100.0 mL with the same solvent. Dilute 10.0 mLof
the solution to 100.0 .mLwith a 10.3 gIL solution of
'hydrochloric acidR Dilute 10.0 mL of this solution to

100.0 mL with a 10.3 gIL solution of hydrochloric acidR.
Spectral range 250-300 nm.
Absorption maximum 272 nm.
Absorption minimum 261 nm.
Specific absorption at the absorption maximum 310 to 330.

C. Infrared absorption spectrophotometry (2.2.24)~

Comparison pyrimethamine CRS.

D. Thin-layer chromatography (2.2.27).

Solventmixture methanol R, methylene chloride R (10:90 VIV).
Testsolution 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 gofpyrimethamine CRS in the
solvent mixture and dilute to 100 mL with the solvent
mixture.

Plate TLC silica gelFZ54 plate R.

Mob"z7e phase methylene chloride R, propanol R, glacial acetic
acidR, toluene R (4:8:12:76 VIVIVIV).
Application 20 ilL.

Development 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 position and size to the
principal spot in the chromatogram obtained with the
reference solution.

TESTS
Solution S
Shake 1.0 g with 50 mL of carbon dioxide-free waterR for
2 min and filter.

Appearance of solution
Prepare the solution immediately before use Dissolve 0.25 gin
a mixture of 1 volume of methanol Rand 3 volumes of
methylene chloride R and dilute to 10 mL with the same
mixture of solvents. The solution is clear (2.2.1) and not
more intensely coloured thanreference solution BY6 (2.2.2,
Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL ofphenolphthalein
soliuion Rl. The solution is colourless. Not more than
0.2 mL of 0.01 M sodium hydroxide is required to change the
colour ofthe indicator to pink. Add 0.4 mL of 0.01 M
hydrochloric acid and 0.05 mL of methylredsolution R.
The solution is red or orange.

Related substances
Liquid chromatography (2.2.29).

2020

Solventmixture Mobile phase A, mobile phase B
(50:50 VIV).
Testsolution Dissolve 10.0 mg of the substance to be
examined in 4 mL of the solvent mixture using sonication
and dilute to 10.0 mL with the solvent mixture.

Reference solution (a) Dissolve 10 mg of the substance to. be
examined and 10 mg of pyrimethamine impurity B CRS in
50 mL of the solvent mixture using sonication and dilute to
100 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.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 30 "C.

Mobz7e phase:
- mobile phase A: dissolve 2.72 g of potassium dihydrogen

phosphate R in 900 mL of water for chromatography R,
adjust to pH 8.0 with ammonia R and dilute to 1000 mL
with waterfor chromatography R;

- mobile phase B: acetonitrile Rl;

Time Mobile phase A Mobile phase B
(min) (per cent Viii') (per cent Viii')

0-6 65 35

6 - 20 65 -> 40 35 -> 60

20 - 35 40 --> 55 60 -> 45

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 210 nm.
Injection 10 ilL.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity B.
Relative retention With reference to pyrimethamine
(retention time = about 15 min): impurityB = about 0.8.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the 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 sulfate standard solution
(10 ppmSO-J 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 gin 25 mL of anhydrous acetic acidR with
gentle heating and allow to cool.: Titrate with 0.1 M perchloric
aciddetermining the end-point potentiometrically (2.2.20).
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1 mL of 0.1 M perchloric acid is equivalent to 24.87 mg of
C 1zH13CIN4•

STORAGE
Protected from light.

IMPURITIES
Other detectable impurities (the foUowing substances taould, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limitedby the general acceptance
criterion for otherlunspecified 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 for pharmaceutical use) A, BJ CJ D.

B
el

NC * I #

o CH3

A. (28)-2-(4:':chlorophenyl)-3-oxopentanenitrile,

B. 5-(4-cll1orophenyl)-6-methylpyrimictine-2,4-diamine,

~CI

NCJJ

C. (4-cWorophenyl)acetonitrile,

D. (8)-(4-cWorophenyl) (2-ethyl-l,3-dioxolan-2-yl)
acetonitrile.

_____________________ PhEur

Pyroxylin
Cellulose Nitrate

Preparation
Flexible Collodion

DEFINITION
Pyroxylin 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.

CAUTION Compliance is required with theprovisions of relevant
legislation relating to the storage ot use of and containers usedfor
Pyroxylin.

In thefollowing tests, particular careshouldbeexercised when
dryingpyroxylin. The materialso obtainedis explosive and
sensitive to ignition by impact orfriction and it should be handled
as carefully as possible.

Pyroxylin 11-759

C~CTEFUSTICS

\Vhite 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 acetic acidand in acetone.

IDENTIFICATION
Add water to a solution in acetone. A white, viscid mass is
readily precipitated.

TESTS
Clarity and colour of solution
A 10% w/v solution dissolves at 20° in a mixture of 1 volume
of ethanol (90%) and 3 volumes of etherto produce an almost
clear and colourless to pale straw-coloured solution.

Kinematic viscosity
1160 to 2900 mrrr's" when determined in the following
manner. To 20 g, previously dried to constant weight by
heating on a water-bath at 80° and allowing to cool in a
desiccator over silica 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 partly
solvated pyroxylin and rotate suitably to obtain a
homogeneous solution. Measure the viscosity of the solution
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, place 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
liquid being examined maintained at a temperature of 19.9°
to 20.1° 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-1

) from
the expression:

v d
2g(8

- p) xO.867
O.18vp

where d the diameter of the sphere in cm,
Il density of the sphere in g em",
p density of the liquid being tested in g em",
v = velocity of fall in em S-I,

g local acceleration due to gravity in em S-2.

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 to a 750 rnL round-bottomed flask using
60 mL of water, add 20 mL of hydrogen peroxide solution
(20 vol) 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 Devarda's alloy and
immediately connect the flask to the spray trap of an
ammonia-distillation apparatus, the receiver of which
contains 50 mL of O.lM hydrochloric acid VS and 0.15 mL of

.-
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PhEur _

Pyrrolidone

this solution add 20 mL of the substance to be examined and
titrate with 0.02 1\11 hydrochloric acidto the initial colour.
Not more than 8.0 mL of 0.02 M hydrochloric acid is
required.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution The substance to be examined.

Reference solution (a) Dissolve 1 mL of the substance to be
examined and 1 mL of N-methylpyrrolidone R (impurity C) in
methylene chloride R and dilute to 20 mL with the same
solvent.
Reference solution (b) 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 solution (c) Dissolve 1 mL of butyrolactone R
(impurity B) and 1 mL of butane-1,4-diol R (impurity A) in
methylene chloride R and dilute to 20 mL with the same
solvent.
Column:
- material: fused silica;
- size: 1=30 m, 0 =0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

5 J.lIl1).

Carrier gas nitrogen for chromatography R.

Flow rate 1.3 mIJmin.

Split ratio 1:80.

Temperature:
61&-45-585.1

(Ph. Bur. monograph 2180)

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.lM sodium 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
hydrochloric acid VS is equivalent to 1.401 mg of nitrogen.

STORAGE
Pyroxylin should be looselypacked, 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 be allowed to fall below 25% w/w;
should this happen, the material should be either rewetted or
used immediately for the preparation of Collodion.

Detection Flame ionisation.

Injection 0.1 J..lL.
Relativeretention 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 peaks due to

impurity C and pyrrolidone.

Limits:
- impurityB: 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: maximum 0.7 per cent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

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

DEFINITION
Pyrrolidin-2-one.

CHARACTERS
Appearance
Clear, colourless or slightlygreyish 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.

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. Infrared 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 all tests.

Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than intensity 7 of the range of reference
solutions of the most appropriate colour (2.2.2, Method II).

Alkalinity
To 100 mL of waterR add 1.0 mL of bromothymol blue
solution R1 and adjust to a green colour with 0.02 M
potassium hydroxide or 0.021\11 hydrochloric acid. To 50 mL of

Column

Injection port

Detector

Time
(min)

0- 18.75

18.75 - 30

Temperature
eC)

100 ~ 250

250

250

250
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STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

»<: »<: .OH
HO' ...........- ...........-

A. butane-l,4-diol,

(yo
B. dihydrofuran-2(3H)-one (y-butyrolactone),

C. l-methylpyrrolidin-z-one (N-methylpyrrolidone).
____________________ PhEur

Quetiapine Fumarate
(ph. Bur. monograph 2541)

Quetiapine Fumarate 11-761

substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, waterR (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 system suitability CRS (containing impurities 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 rnm;
- stationary phase: end-capped, charged surface, ethylene-bridged

phenylhexylsilyl silica gelfor chromatography (hybrid
material) R (1.7 urn);

- temperature: 50°C.

Mobile phase:
- mobile phaseA: mix 10 volumes of methanol R1 and

90 volumes of a 3.85 gIL solution of ammonium acetate R,
previously adjusted to pH 9.0 with ammonia R;

- mobile phaseB: acetonitrile for chromatography R;

=- rN~o~OH

O:-oN~N.J
s ~ ~
~

883 111974-72-2

Time
(min)

0-8

8 - 14.50

14.50 - 22,60

22.60 - 26

26 - 29

29 - 30

Mobile phase A
(per cent VIJ')

80

80 ~ 60

60 ~ 50

50 ~ 30

30 ~ 10

10

Mobile phase B
(per cent VIJ')

20

20 -io 40

40 -io 50

50 -io 70

70 -io 90

90

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparations
Quetiapine Tablets

Quetiapine Prolonged-release Tablets

PhEur -

DEFINITION
Bis[2-[2- [4-(dibenzo [bJ] [1,4]thiazepin-11-yl)piperazin-1-yl]
ethoxy]ethanol] (2E)-but-2-enedioate.

Content
- quetiapinefumarate (C4Jf5~608S2; M r 883):

99.0 per cent to 101.0 per cent (dried substance);
- fumaric acid (C4H404; M r 116.1): 12.5 per cent to

13.8 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Slightly soluble 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 the solid state show differences,
dissolve the substance to be examined and the reference

Flow rate 0.5 mIJmin.

Detection Spectrophotometer at 240 om.

Injection 3.0~.

Identification 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): fumaric acid =about 0.05;
impurity G = about 0.5; impurity N = about 1.04.

System suitability:
- signal-to-noise ratio: minimum 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 contents:
- correction factors: 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).

•
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Limits:
- impurities G, N: for each impurity, maximum

0.15 per cent;
- unspecified impurities: for each impurity, m.aximum

0.10 per cent;
~ total: maximum O.s per cent;
- reporting threshold: 0.05 per cent; disregard. any peak due

to fumaric 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
Quetiapine fumarate
Dissolve 0.170 gin 40 mL of anhydrous acetic 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 22.08 mg of
C46H5~608S2'

Fumaric acid
Dissolve 0.350 gin 70 mL of a mixture of equalvolumes of
methanol R and waterR. 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 5.804 mg of
C 4H 404·

STORAGE
Protected from light.

IMPURITIES
Specified impurities G, N.

Otherdetectable impurities (thefollowing substances could, 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 for pharmaceutical use) A, B, C" D" E, F, H, I,
J, K, L, 0, P, Q, S, T, u, 10 w

A. 2-[2-[4-(dibenzo[bJ][1,4]thiazepin-l1-yl)piperazin-l-yl]
ethoxy]ethyl acetate,

B. l l-Ipiperazin-l-yljdibenzo[jij] [1,4]thiazepine,

2020

C. 2-[2-[4-(dibenzo[b.J] [1,4]thiazepin-ll-yl)piperazin-l-yl]
ethoxy]ethyl 2-[4-(dibenzo[b.J] [1,4]thiazepin-l1-yl)
piperazin-l-yl] acetate,

D. 11,1I'-(piperazine-l,4-diyl)bis(dibenzo [b.J] [1,4]
thiazepine),

E. 11,11'-[ethylenebis(oxyethylenepiperazine-4, l-diyl)]bis
(dibenzo[b.J] [1,4]thiazepine),

rN~O~OH

o N~&$:0
F. [2-[(2-aminophenyl) sulfanyl]phenyl] [4-[2-(2

hydroxyethoxy)ethyl]piperazin-l-yl]methanone,

G. dibenzo[b.J] [1,4]thiazepin-ll (10H)-one,

H. 2-[2-[4-(dibenzo[bJ] [1,4]thiazepin-l1-yl)-I
oxidopiperazin-l-yl]ethoxy]ethanol,
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1. 2-[4-(dibenzo[bJ] [1~4]thiazepin-ll-yl)piperazin-l-yl]
ethanol,

O~OH

~ rC~O~OH
Q-oN",N~

s ~ ~
=::::::,..

rN~O~O~O~OH

Q.-ON N~
\.1 ~

s ~ ~ .
=::::::,..

]. 2-[2-[2-[2-[4-(dibenzo[bJ.] [1,4]thiaiepin-ll-yl)piperazin
l-yl] ethoxy]ethoxy]ethoxy]ethanol,

o rN~O~OH

H3C~NH :00NJrvS'1U ~

K. N-[2-[[2-[[4-[2-(2-hydroxyethoxy)ethyl]piperazin-l-yl]
carbonyl]phenyl]sulfunyl]phenyl] acetamide,

rZ-. rN~O~OH

~-oN~N~
s ~

=::::::,..

L. 2-[2-[4-(9-chlorodibenzo[bJ.] [1,4]thiazepin-ll-yl)
piperazin-l-yl]ethoxy] ethanol,

Q. 4-(dibenzo[bJ.] [1,4]thiazepin-ll-yl)-I,I-bis[2-(2
hydroxyethoxy)ethyl]piperazin-l-ium,

S. 2-[2-[4-(5-oxidodibenzo[bJ] [1,4]thiazepin-ll-yl)piperazin
l-yl] ethoxy]ethanol,

T. 11-(morpholin-4-yl)dibenzo[bJ] [1,4]thiazepine,

U. dibenzo[bJ] [1,4]thiazepin-ll-amine,

N. 2-[2-[4-[2-[2-[4-(dibenzo[bJ.] [1,4]thiazepin-ll-yl)
piperazin-l-yl]ethoxy] ethyl]piperazin-l-yl] ethoxy]ethanol, V. 2- [2-[4-(phenanthridin-6-yl)piperazin-l-yl]ethoxy]ethanol,

W.ll-(4-[2-[2-(dibenzo[bJ] [1,4]thiazepin-ll-yloxy)ethoxy]
ethyl]piperazin-I-yl)dibenzo [bJ][1,4]thiazepine.

_________________ PhEur

¥ ~
.--::<

rN~O~O

Q-oN~N~
S , ~

=::::::,..

O. 11-[4-[2- [2-(triphenylmethoxy)ethoxy]ethyl]piperazin-l-yl]
dibenzo[bJ.] [1,4]thiazepine,

P. 11-(4-ethylpiperazin-l-yl)dibenzo [bJ.] [1,4]thiazepine,
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PhEur _

(Ph. Bur. monograph 1763)

Mobilephase ML", 260 mL of tetrahydrofuran R (non
stabilised) with 740 mL of a freshly prepared solution 
containing 1.08 gIL of sodium octanesulfonate Rand 2.88 gIL
of ammonium dihydrogen phosphate R, previously adjusted to

pH 4.5 with phosphoric acidR.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 220 nm.

Injection 20!J.L.

Run time 3.5 times the retention rime of quiIiapril.

Identification of impurities Use the chromatogram supplied
with quinapril for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities G, H and I.
Relative retention With reference to quinapril (retention
time = about 18 min): impurity G = about 0.9;
impurity H =about 1.2; impurity I =about 1.3.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity G and quinapril;
- peak-to-valley ratio: minimum 2.0, where Hp =height

above the baseline of the peak due to impurity Hand
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to quinapril.

Limits:
- impurities G~ H, I: 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).

Solvent mixture Mix 40 volumes of acetonitrile Rl and
60 volumes of a 2.88 gIL solution of ammonium dihydrogen
phosphate R previously adjusted to pH 6.5 with dilute
ammonia Rl.
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) 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
quinapril for system suitability 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 to prepare impurity M in situ,
dissolve 250 mg of the substance to be examined in methylene
chloride R and dilute to 5.0 mL with the same solvent.
Expose this solution to a source of ultraviolet light for 2.5 h
and evaporate the solvent. Dissolve 40 mg of the remaining
substance in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 3.9 mm;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 urn).

Temperature:
- column: 30 "C;
- autosampler: 5 "C.

Mobz7e phase acetonitrile Rl, 5.77 giL solution of sodium
dodecyl sulfate R adjusted to pH 2.2 with phosphoric acid R
(48:52 VIV).

Flow rate 1.4 mIJrnin.

82586-55-8

• Hel

475.0

Action and use
Angiotensin converting enzyme inhibitor.

Preparation
Quinapril Tablets

Quinapril Hydrochloride

DEFINITION
(3S)-2-[(2S)-2-[[(1S)-1-(Ethoxycarbonyl)-3
phenylpropyl]amino]propanoyl]-1,2,3,4
tetrahydroisoquinoline-3-carboxylic acid hydrochloride.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white or slightly pink, hygroscopic powder.

Solubility
Freely soluble in water and in ethanol (96 per cent), very
slightly soluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison quinapril hydrochloride CRS.

B. Specific optical rotation (see Tests).

C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Specific optical rotation (2.2.7)
+ 14.4 to + 16.6 (anhydrous substance).

Dissolve 0.500 g in methanol R and dilute to 25.0 mL with
the same solvent.

Diastereoisomers
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Solventmixture 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 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 20.0 mL with the solvent mixture.

Reference solution (b) Dissolve the contents of a vial of
quinapril for peak identification CRS (containing impurities G,
Hand 1) in the solvent mixture and dilute to 5.0 mL with
the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: end-capped oaadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 25 "C.

www.webofpharma.com
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Detection Spectrophotometer at 214 nm.

Injection 10 /lL.
Run time 3 times the retention time of quinapril.

Identification of impurities Use the chromatogram supplied
with quinapril for system suitability CRS and the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities A, C, D, E and G; use the chromatogram
obtained with reference solution (c) to identify the peak due
to impurity M.

Relative retention With reference to quinapril (retention
time = about 12 min): impurity A = about 0.1;
impurity C = about 0.3; impurity D = about 0.4;
impurity M =about 0.7; impurities G-+ H =about 0.9;
impurity E = about 2.3.

System suitability 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 C, D: for each impurity, not more than 5 times

thearea of the principal peak in the chromatogram
obtained with reference solution (a) (0.5 per cent);

- impuriiy 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 E, 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);

- 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 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)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 gin 50 rnL of water 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 23.75 mg of
CZSH3 1CINzOs.

STORAGE
In an airtight container at a temperature of 2°C to 8 "C.

IMPURITIES
Specifiedimpurities A, C, D, E, G, R, I, M.

Other detectable impurities (the folloanng substances would, if
presentat a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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) B, J.

Quinapril Hydrochloride 11-765

H~
A. (3S)-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid,

B. (2S)-2-[[(1S)-1-(ethoxycarbonyl)-3-phenylpropyl]
amino]propanoic acid,

C. (3S)-2-[(2S)-2-[[(1S)-I-carboxy-3-phenylpropyl]
amino]propanoyl]-l,2,3,4-tetrahydroisoquinoline-3
carboxylic acid,

D. ethyl (2S)-2-[(3S,1laS)-3-methyl-1,4-dioxo
1,3,4,6,11,11a-hexahydro-2H-pyrazino[1,2-b]isoquinolin
2-yl]-4-phenylbutanoate,

E. (3S)-2-[(2S)-2-[[(IS)-3-cyc1ohexyl-1
(ethoxycarbonyl)propyl]amino]propanoyl]-1,2,3,4
tetrahydroisoquinoline-3-carboxylic acid,

G. (3R)-2-[(2S)-2-[[(IS)-1-(ethoxycarbonyl)-3
phenylpropyl]amino]propanoyl]-1,2,3,4
tetrahydroisoquinoline-3-carboxylic acid,
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PhEur _

DEFINITION
Alkaloid monosulfates, expressed as bis[(S)-[(2R,4S,5R)-5
ethenyl-l-azabicyclo[2.2.2]oct-z-yl] (6-methoxyquinolin-4-yl)
methanol] sulfate dihydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or silky, colourless
needles.

Solubility
Slightly soluble in water, soluble in boiling water and in
ethanol (96 per cent), practically 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.

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 gelG plate R.

Mobz7e phase diethylamine R, ether R, toluene R
(10:24:40 V/V/V).

Application 5 J.LL.
Development Twice over a path of 15 cm; 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 iocloplatinate reagent 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 waterRand 1 mL of dilute ammonia R2. A green
colour develops.

C. Dissolve 0.1 gin 3 mL of dilute sulfuric acidR and dilute
to 100 mL with water R. When examined in ultraviolet light
at 366 om, 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 of silver nitrate solution R1 and stir with a glass rod.
After a few minutes, a white precipitate is formed that
dissolves on the addition of dilute 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 acid and 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, Method II).

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.

6591-63-5

2
H

M.(lR,3S)-2-[(2S)-2-[[(lS)-1-(ethoxycarbonyl)-3
phenylpropyl] amino]propanoyl]-1-hydroperoxy-l,2,3,4
tetrahydroisoquinoline-3-carboxylic acid.

H. (3R)-2-[(2S)-2-[[(1R)-1-(ethoxycarbonyl)-3
phenylpropyl] amino]propanoyl]-1,2,3,4
tetrahydroisoquinoline-3-carboxylic acid, ,

Action and use
Class I antiarrhythmic.

Preparation
Quinidine Sulfate Tablets

Quinidine Sulfate
Quinidine Sulphate

(Ph. Bur. monograph 0017)

1. (3S)-2-[(2S)-2-[[(1R)-1-(ethoxycarbonyl)-3
phenylpropyl] amino ]propanoyl]-1,2,3,4
tetrahydroisoquinoline-3-carboxylic acid,

J. (lR,3S),..2-[(2S)-2-[[(lS)-1-(ethoxycarbonyl)-3
phenylpropyl] (hydroxy)amino ]propanoyl]-1-hydroxy
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid,

_______________--'- PhEur
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2020 Quinidine Sulfate 11-767

A. (R)-[(2S,4S,5R)-5-ethenyl-l-azabicyclo[2.2.2]oet-2-yl](6
methoxyquinolin-4-yl)methanol (quinine),

B. (S)-[(2R,4S,5R)-5-ethenyl':'I-azabicyclo[2.2.4]oct-2-yl]
(quinolin-4-yl)methanol (cinchonine),

- any impurity eluted before quinidine: for each impurity,
maximum 5 per cent;

- any other impurity. 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 useof glassware.

Testsolution Dissolve 1.00 g in a mixture of 0.5 mL of
hydrochloric acidR and 4.0 mL of waterR.

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 waterR and
0.5 mL of hydrochloric acidR.

Blank solution Add 0.5 mL of hydrochloric acidR to 4.0 mL
of waterR.
Add 3.0 mL of a 100 gIL solution of 2-ethylhexane"-1,3-diol R
in methylene chloride R to the test solution, to the reference
solution and to the blank solution, then shake for 1 min.
Allow to stand for 6 min. To 1.0 mL of the lower layer, add
2.0 mL of a 3.75 g/L solution of curcumin R in anhydrous
acetic acidRand 0.3 mL of sulfuric acidR. Mix and after
20 min add 25.0 mL of ethanol (96 per cent) R. Mix.
The blank solution is yellow. Any red colour in the test
solution is 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 DC.

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

ASSAY
Dissolve 0.200 gin 20 mL of acetic anhydride R. Titrate with
0.1 M perchloric acid, using 0.15 mL of naphtholbenzein
solution R as indicator.

1 mL of 0.1 M perchloric acid is equivalent to 24.90 mg
of C4oHsoN40gS.

STORAGE
Protected from light.

IMPURITIES

HsCO

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 diluteto 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 with the mobile phase.

Rejerence 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;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5-10 urn),

Mobile phase Dissolve 6.8 g of potassium dihydrogen
phosphate Rand 3.0 g of hexylamine R in 700 mL of water R,
adjust to pH 2.8 with dilute phosphoric acidR, add 60 mL of
acetonitrile R and dilute to 1000 mL with waterR.
Flow rate 1.5 mUmin.

Detection Spectrophotometer at 250 nm for reference
solution (e) and at 316 run for the other solutions.

Injection 10 jlL.

Run time 2.5 times the retention time of quinidine.

Identification of peaks Use the chromatogram obtained with
reference solution (a) to 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).

Relative retention With reference to impurity A:
dihydroquinine = about 1.4.

Relative retention With reference to quinidine:
impurity C = about 1.5.

Systemsuitability:
- 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: minimum 4 for the principal peak in
the chromatogram obtained with reference solution (d);

- mass distribution 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:
- impurity C: maximum 15 per cent;
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C. (S)-[(2R,4S,5R)-5-ethyl-l-azabicyclo[2.2.2]oct-2-yl](6
methoxyquinolin-4-yl)methanol (dihydroquinidine).

Specific optical rotation
In a 3% w/v solution in O.IM hydrochloric acid, .;.208 to --216,
calculated with reference to the anhydrous substance,
Appendix V F.

Other cinchona alkaloids
Carry out the method for liquid chromatography,
Appendix ill D, using the following solutions. For solution
(1) dissolve 20 mg of the substance being examined, with
gentle heating if necessary, in 5 mL of the mobile phase and
dilute to 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 place of the substance
being examined. Solution (4) is a mixture of equal volumes
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 to 50 volumes with the
mobile phase. Solution (6) contains 0.10% w/v of thiourea in
the mobile phase.

The chromatographic procedure may be carried out using
(a) a stainless steel column (25 ern x 4.6 mm) packed with
octadecylsilyl silica gelfor chromatography (5 11m) (Hypersil
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 orthophosphoric acid, adding 60 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 ilL of each of solutions (3) and (6).
If necessary adjust the concentration of acetonitrile in the
mobile phase so that in the chromatogram obtained with
solution (3) the capacity factor of the peak due to quinidine is
3.5 to 4.5, Va being calculated from the peak due to
thiourea in the chromatogram obtained with solution (6).
Inject 10 ul, of each of solutions (2), (3), (4) and (5).
The chromatogram obtained with solution (2) shows a
principal peak due to quinidine and a peak due 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 peak due to
dihydroquinidine, with a retention time relative to quinidine
of about 1.2. The chromatogram obtained with solution (4)
shows four peaks due 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).

The test is not valid unless (a) in the chromatogram obtained
with solution (4) the resolution factor between the peaks due
to quinine and quinidine is at least 1.5 and the resolution
factor between the peaks due to dihydroquinidine and quinine
is at least 1.0 and (b) the signal-to-noise ratio of the principal
peak in the chromatogram obtained with solution (5) is at
least 5.

Inject 10 ul, of solution (1) 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 normalisation, disregarding any peaks 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%, the content of any related substances
eluting before quinine is not greater than 5% and the content
of any other related substances is not greater than 2.5%.

549-56-4548.6

Action and use
Antiprotozoal (malaria).

Preparation
Quinine Bisulfate Tablets

OMe

DEFINITION
Quinine Bisulfate is (8S,9R)-6'-methoxycinchonan-9-ol
hydrogen sulfate heptahydrate. It contains not less than
98.5% and not more than 101.5% of alkaloid hydrogen
sulfates, calculated as CzoHz4NzOz,HzS04 with reference to
the anhydrous substance.

CHARACTERISTICS
Colourless crystals or a white, crystalline powder; efflorescent
in dry air.

Freely soluble in water; sparingly soluble in ethanol (96%).

IDENTIFICATION
A. Carry out the method for thin-layer chromatography,
Appendix III A, using silica 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 ul, of each of three solutions in
methanol containing (1) 1.0% w/v of the substance being
examined, (2) 1.0% w/v of quinine sulfate BPCRS and (3)
1.0% w/v each of quinidine sulfate BPCRS and quinine
sulfate BPCRS. After removal of the plate, dry it in a current
of air for 15 minutes and repeat the development. Dry the
plate at 105° for 30 minutes, allow it to cool and spray with
iodoplatinate reagent. The principal spot in the chromatogram
obtained with solution (1) is similar in position, colour and
size to that in the chromatogram obtained with solution (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% w/v solution, 2.8 to 3.4, Appendix V L.

Quinine Bisulfate
Quinine Bisulphate
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OMe

Quinine Dihydrochloride

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel G.

(b) Use the mobile phase as described below.

(c) Apply 4 JlL of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, dry it in a current of air for
15 minutes and repeat the development. Dry the plate at
105° for 30 minutes, allow to cool and spray with
iodoplatinate 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 obtained with
solution (3) shows two clearly separated spots.

CONFIRMATION

The principal spot in the chromatogram obtained with
solution (1) corresponds in position, colour and size to that
in the chromatogram obtained with solution (2).

B. Complies with the test for Acidity.

C. Yields reaction A characteristic of chlorides, (2.3.1)
Appendix VI.

TESTS
Acidity
pH of a 3% w/v solution, 2.0 to 3.0, Appendix V L.

Specific optical rotation (2.2.7)
In a 3% w/v solution in O.IM hydrochloric add, -223 to -229
calculated with reference to the dried substance,
Appendix V F.

Barium
To 15 mL of a 2.0% w/v solution add 1 mLof 1M sulfuric
acid. The solution remains clear for at least 15 minutes.

Sulfate (2.4.13)
0.125 g complies with the limit testfor sulfates, Appendix VII
(0.12%).

Other cinchona alkaloids
Carry out the method for liquid chromatography (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 BPCRS in place of the substance being examined.

(3) Prepare as for solution (1) but using quinidine
sulfate BPCRS in place of the substance being examined.

(4) Mix equal volumes of solutions (2) and (3).

(5) Dilute 1 volume of solution (2) to 10 volumes and dilute
1 volume of the resulting solution to 50 volumes.

(6) 0.10% w/v of thiourea.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with octadecylsilyl silica gelfor chromatography (5 urn) (Hypersil
ODS 5 urn is suitable).

(b) Use isocratic elution and the mobile phase described
below.

(c) Use a flow rate of 1.5 mL per minute.

(d) Use an ambient column temperature.

60-93-5

~H,H ,2HCI
N~CH2

H

397.3

Action and use
Antiprotozoal (malaria).

Preparation
Quinine Dihydrochloride Infusion

DEFINITION
Quinine Dihydrochloride is (8S,9R)-6'-methoxycinchonan-9
01 dihydrochloride. It contains not less than 99.0% and not
more than 101.0% of alkaloid dihydrochlorides, calculated as
CzoHz~z02,2HCI, with reference to the dried substance.

CHARACTERISTICS
A white or almost white powder.

Very soluble in water; soluble in ethanol (96%).

IDENTIFICATION
A. Carry out the method for thin-layerchromatography
(2.2.27), Appendix ill 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% w/v each of quinidine sulfate BPCRS and quinine
sulfate BPCRS.

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 aqueous solutions reserved in the Assay
0.1 mL ofphenolphthalein solution R1 and titrate with O.IM
hydrochloric add VS. Each mL of a.1M sodium hydroxide VS is
equivalent to 16.32 mg of [CZOHZ6NzOz]z+.

ASSAY
Dissolve 0.45 gin 15 mL of water. Add 25 mL of O.IM
sodium hydroxide VS and extract with three 25 mL quantities
of chloroform. Wash the combined chloroform extracts with
20 mL of water, combine the aqueous solutions and reserve
for the test for Titratable cation. Dry the chloroform extracts
with anhydrous sodium sulfate, evaporate to dryness at a
pressure of2 kPa and dissolve the residue in 50 mL of
anhydrous acetic acid. Carry out method I for non-aqueous
titration, Appendix WI A, using crystal violetsolution as

~ indicator. Each mlsof O.IMperchlorie acid VS is equivalent to
21.13 'mg of CzoHz4'TzOz,HzS04'

STORAGE
Quinine Bisulfate should be protected from light.
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PhEur _

Quinine Hydrochloride

6119"-47-7396.9

(Ph. Bur. monograph 0018)

Action and use
Antiprotozoal (malaria).

DEFINITION
Alkaloid monohydrochlorides, expressed as (R)-[(2S,4S,5R)
5-ethenyl-l-azabicydo[2.2.2]oct-2-yl] (6-methoxyquinolin-4
yl)methanolhydrochloride dihydrate.

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
examinedin methanol R and dilute to 10 mL with 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 V/V/V).

Application 5 JlL.
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 iodoplatinate reagent 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 waterR and dilute to 10 mL
with the same solvent. To 5 mL of this solution add 0.2 mL
of bromine waterRand 1 mL of dilute ammoniaR2. A green
colour develops.

C. DissolveO.1 gin 3 mL of dilute sulfuric acidR and dilute
to 100 mL with waterR. When examined in ultraviolet light
at 366 nrn, 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).

(e) Use a detection wavelength of 250 nm for recording the
chromatogram obtained with solution (6) and a detection
wavelength of 316 nm for the other solutions.

(f) Inject 10 ~ of each solution. Inject separately 10 ~ of
each of solutions (3) and (6).

(g) For solution (1) allow the chromatography to proceed for
2.5 times the retention time of the principal peak.

MOBILE PHASE

Dissolve 6.8 g ofpotassiwn dihydrogen orthophosphate and
3.0 g of hexylaminein 700 mL of water, adjust to pH 2.8
with 1M orthophosphoric acid, add 60 mL of acetonitrile and
dilute to 1000 mL with.water. If necessary adiust.the
concentration of acetonitrile in the mobile phase so that in
the chromatogram obtained with solution (3) the 'capacity
factor of the peak due to quinidine is 3.5 to 4.5, Vo being
calculated from the peak due to thiourea in the
chromatogram obtained with solution (6).

SYSTEM SUITABiliTY

The test is not valid unless (a) in the chromatogram.obtained
with solution (4) the resolution between the peaks due to
quinine and quinidine is at least 1.5 and the resolution
between the peaks due to dihydroquinidine and quinine is at
least 1.0 and (b) the signal-to-noise ratio of the principal peak
in the chromatogram obtained with solution (5) is at least 5.

The chromatogram obtained with solution (2) shows a
principal peak due to quinidine and a peak due 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 peak due to
dihydroquinidine, with a retention time relative to quinidine
of about 1.2. The chromatogram obtained with solution (4)
shows four peaks due 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 related substance eluting before quinine is
not more than 5%;

the content of any other related substance is not more than
2.5%.

Disregard any peak with an area less than that of the peak in
the chromatogram obtained with solution (5).

Loss on drying (2.2.32)
When dried to constant weight at 105°, loses not more than
3.0% of its weight. Use 1 g.

Sulfated ash (2.4.14)
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 0.150 g in a mixture of 10 mL of waterand 50 mL
of ethanol. Titrate with O.1M sodium hydroxide, determining
the end-point potentiometrically, Appendix VIII B.
Each mL of O.1Msodium hydroxide is equivalent to 39.73 mg
of CZOH24NzO:a2HCl.

STORi\GE
Quinine Dihydrochloride should be protected from light.
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TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R prepared from
distilledwater 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 Y6 (2.2.2, MethodII).

pH (2.2.3)
6.0 to 6.8.

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

Specific optical rotation (2.2.7)
-245 to -258 (dried substance).

Dissolve 0.500g in 0.1 M hydrochloric acidand dilute to
25.0 mL with the same acid.

Other cinchona alkaloids
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test soluTj,on Dissolve 20 mg of the substance to be
examined in 5inL.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.

Reference solution (b) Dissolve 20 mg of quinidine 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 (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 with 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 mrn;
- stationary phase=octadecylsilyl silica gelfor

chromatography R (5-10 urn).

Mobile phase Dissolve 6.8 g of potassium dihydrogen
phosphate Rand 3.0 g of hexylamine R in 700 mL of waterR,
adjust to pH 2.8 with dilute phosphoric acidR, add 60 mL of
acetonitrile R and dilute to 1000 mL with waterR.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 250 nm for reference
solution (e) and at 316 run for the other solutions.

Injection 10 J.LL.
Run time 2.5 times the retention time ofquinine.

Identification of peaks Use the 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 to quinine:
impurity C = about 1.4.

Relative retention With reference to impurity A:
dihydroquinidine =about 1.5.

Quinine Hydrochloride 11-771

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

- mass distribution 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 impurityeluted before quinine: for each impurity,

maximum 5 per cent;
-any other impurity: for each impurity, maximum

2.5 percent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (d)
(0.2 per cent).

Sulfates (2.4.13)
Maximum 500 ppm, determined on solution S.

Barium
To 15 mL of solution S add 1 mL of dilutesulfuric acidR.
Allow to stand for 15 min. Any opalescence in the solution is
not more intense than that in a mixture of 15 mL of
solution S and 1 mL of distilled waterR.

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

ASSAY
Dissolve 0.250 gin 50 mL of ethanol (96 per cent) R and add
5.0 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 inflexion points.

1 mL of 0.1 M sodium hydroxide is equivalent to 36.09 mg of
C2oH2SCIN202

STORAGE
Protected from light.

IMPURITIES

A. (S)-[(2R,4S,5R)-5-ethenyl-l-azabicyclo [2.2.2]oct-2-yl](6
methoxyquinolin-4-yl)methanol (quinidine),
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_________~ PhEur

Ph Eur -'-- _

Reference solution Dissolve 0.10 g of quinine sulfate CRS in
methanolR and dilute to 10 mL with the same solvent.

Plate TLesilicagel G plate R.

MomIe phase diethylamine R, etherR, toluene R
(10:24:40 VIVIV).

Application 5 J!L.
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 iodoplatinate reagent 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
colour develops.

C. Dissolve 0.1 gin 3 mL of dilute sulfuric acid R 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 the addition of 1 mL of
hydrochloric acidR.
D. Dissolve about 45 mg in 5 mL ofdilute hydrochloric
acidR. The solution gives reaction (a) of sulfates (2.3.1).

E. pH (see Tests).

TESTS
Solution S
Dissolve 0.500 g in 0.1 M hydrochloric acid and 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, Method II).

pH (2.2.3)
5.7to 6.6 for a 10 gIL suspension in waterR.

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.

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 quininesulfate 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 CRS
(impurity A) in 5 mL of the mobile phase, with gentle
heating ifnecessary, and dilute to 10 mL with the mobile
phase.

Reference solution (c) To 1 mL of reference solution (a) add
1 m.L 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 10 mL with the mobile phase.

Column:
- size: 1= 0.15-0.25 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5-10 um).

6119-70-6783

C. (R)-[(2S,4S,5R)-5-ethyl-l-azabicyclo[2.2.2]oct-2-yl](6
methoxyquinolin-4-yl)methanol (dihydroquinine).

DEFINITION
Alkaloid monosulfates, expressed as bis[(R)-[(2S,4S,5R)-5
ethenyl-l-azabicyclo[2.2.2] oct-2-yl] (6-methoxyquinolin-4-yl)
methanol] sulfate dihydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or fine, colourless
needles.

Solubility
Slightly soluble in 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 of the substance to be
examined in methanolR and dilute to 10 mL with the same
solvent.

Action and use
Antiprotozoal (malaria).

Preparation
Quinine Sulfate Tablets

Quinine Sulphate

(Ph. Bur. monograph 0019)

Quinine Sulfate

B. (R)-[(2S,4S,5R)-5-ethenyl-l-azabicyclo[2.i.2]oet-2-yl]
(quinolin-4-yl)rnethanol (cinchonidine),
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PhEur _

117976-90-6381.4

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

DEFINITION
Sodium 2-[(RS)-[[4-(3-methoxypropoxy)-3-methylpyridin-2
yl]methyl] sulfinyl]benzimidazol-1-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).

(Ph. Bur. monograph 2868)

Q\. j) NNa CH3

NAs~O~OCH3
II I
o N # and enantiomer

C. (R)-[(2S,4S,SR)-S-ethyl-1-azabicyclo[2.2.2] oct-2-yl] (6
methoxyquinolin-4-yl)methanol (dihydroquinine).

Rabeprazole Sodium

B. (R)-[(2S,4S,SR)-S-ethenyl-l-azabicyclo[2.2.2] oct-2-yl]
(quinolin-4-yl)methanol (cinchonidine),

A. (S)-[(2R,4S,SR)-S-ethenyl-l-azabicyclo[2.2.2] oct-2-yl] (6
methoxyquinolin-4-yl)methanol (quinidine),

IMPURITIES

____________________ PhEur

Mobilephase Dissolve 6.8 g of potassiumdihydrogen
phosphate Rand 3.0 g of hexylamineR in 700 mL of waterR,
adjust to pH 2.8 with dilute phosphoric acid R, add 60 mL of
acetonitrile R and dilute to 1000 mL with water R.

Flow rate 1.S mlJmin.

Detection Spectrophotometer at 250 nm for reference
solution (e) and at 316 nm for the other solutions.

Injection 10 ~.

Run time 2.5 times the retention time of quinine.

Identification of peaks Use the '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 solu~ps (a) and (b).

Relative retention ,With reference to quinine:
impurity C = abou(~A.

Relative retention With reference to impurity A:
dihydroquinidine =;:tbout 1.5.

'.'-"-'"

System suuability:
- 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 the principal peak in
the chromatogram obtained with reference solution (d);

- mass distribution 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 impurity eluted before quinine: for each impurity,

maximum S per cent;
- any 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).

Loss on drying (2.2.32)
3.0 per cent to S.O per cent, determined on 1.000 g by
drying in an oven at lOS "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 chloroform Rand
20 mL of acetic anhydrideR. Titrate with 0.1 M perchloric
add, determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 24.90 mg
of C4oHsoN40sS.

STORAGE
Protected from light.
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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
hydrate 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 U.S.

Dissolve 0.100 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Solvent mixture methanol R, 0.1 M phosphate buffer solution
pH 11,3 R (20:80 VIV).

Test solution (aJ Dissolve 20.0 mg ofthe substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Test solution (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 solution (b) Dissolve 5 mg of rabeprazole for system
suitability CRS (containing impurities A and H) in the solvent
mixture and dilute to 5.0 mL with the solvent mixture.

Reference solution (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: l = 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 um);
- temperature: 45°C.

Mobile 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 R;
- mobile phaseC: acetonitrile R;

Time Mobile phase A Mobile phase B Mobile phase C
(min) (per cent VIV/II) (per cent VIVIV) (per cent VIVIV)

0-2 100 0 0

2-7 100 -+ 85 0 0-+15

7 - 27 85 -+ 30 0-+40 15 -+ 30

27 - 32 30 -+ 15 40 -+ 55 30

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 280 nm.

Autosampler Set at 6°C.

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.

2020

Relative retention With reference to rabeprazole (retention
time =about 19 min): impurity A =about 0.9;
impurity H = about 0.98.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 1.5, where Hp = height

above the baseline of the peak due to impurity Hand
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
rabeprazole.

Calculation ofpercentage contents:
- for each impurity, use the concentration of rabeprazole in

reference solution (a). .

Limits:
- impurity A: maximum 0.8 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 0.5 percent, determined on l.000 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 ClsHzoN3Na03S 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 (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 acceptance
criterion for other/unspecified impurities 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) B, C, D, E, F, G, H,
I, K

A. 2-[[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl]
sulfonyl]-lH-benzimidazole,

B. 2-[[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl]
sulfanyl]-lH-benzimidazole,
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C. 1-(IH-benzimidazol-2-yl)-3-methyl-4-oxo-l,4
dihydropyridine-2-carboxylic acid,

D.2-[[(RS)-(IH-benzimidazol-2-yl)sulfinyl]methyl]-4-(3
methoxypropoxy)-3-methylpyridine l-oxide,

Q~ '» NH CH3

"'''.&' ~OCHN~S ~ 3

~ ~ # and enantiomer

E.-2-[(RS)-[(4-methoxy-3-methylpyridin-2-yl) methyl]
--'~sulfinyl] -IH-benzimidazole, -

F. IH-benzimidazole-2-thiol,

Q~ ; NH CH3

'~~OCH3N S I
N #

G. 2- [[(4-methoxy-3-methylpyridin-2-yl)methyl]sulfanyl]-IH
benzimidazole,

Q; NH, CH3

~~CIN W I ~ , and enantiomer

o N #

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 l-oxide,

K. IH-benzimidazol-2-01.
____________________ PhEur

Rabeprazole Sodium Hydrate 11-775

Rabeprazole Sodium Hydrate
(Ph. Bur. monograph 2331)

Anhydrous rabeprazole sodium 117976-90-6

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

PhEur _

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.

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).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison rabeprazole sodium hydrate 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.

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 waterR and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.
Solventmixture methanol R, 0.1 M phosphate buffersolution
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.

Testsolution (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.
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Reference solution (b) Dissolve 5 mg of rabeprazole for system
suitability CRS (containing impurities A and H) in the solvent
mixture and dilute to 5.0 mL with the solvent mixture.

Reference solution (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 m, 0 =4.6 mm;
- stationary phase: base-deactivated end-capped oetadecylsz1yl

silica gelfor chromatography R (5 urn);
- temperature: 45°C.

Mobile phase:
- mobile 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
acidR;

- mobile phaseB: methanolR;
- mobile phaseC: acetonitrile R;

Time Mobile phase A Mobile phase B Mobile phase C
(min) (per cent VlVm (per cent VlVm (per cent VIVIJl)

0-2 100 0 0

2-7 100 -+ 85 0 0->15

7·- 27 85 -+ 30 0-+40 15 -+ 30

27 - 32 30 -+ 15 40 -+ 55 30

Flo» rate 1.0 mIJmin.

Detection Spectrophotometer at 280 nm.

Autosampler Set at 6°C.

Injection 5 J.!L of test solution ~a) and reference solutions (a)
and (b).

Identification of impurities Use the chromatogram supplied
with rabeprazole for system suitabz1ity 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 =about 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 H and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
rabeprazole.

Calculation ofpercentage contents:
- for each impurity, use the concentration of rabeprazole in

reference solution (a).

Limits:
- impurity A: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
1.5 per cent to 7.0 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 (b) and reference solution (c),

Calculate the percentage content of ClsHzoN3Na03S taking
into account the assigned content of rabeprazole sodium
hydrate CRS.

2020

STORAGE
In an airtight container, protected from light.

IJ.\tiPURITIES
Specified impurities A.
Otherdetectable impurities (thefollowing 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 other/unspecified impurities and/orby 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) B, C, D, E, F, G, H,
1, K

A. 2- [[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl]
sulfonyl]-IH-benzimidazole,

Q\ j NH CH3

. N~~O~OCH3
S I

N ~

B. 2-[[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl]
sulfanyl]-IH-benzimidazole,

C. 1-( IH-benzimidazol-2-yl)-3-methyl-4-oxo-l,4
dihydropyridine-2-carboxylic acid,

Q\ j NH CH3

N~SnO~OCH3
II I
o N ~
0' andenantiomer

D.2-[[(RS)-(IH-benzimidazol-2-yl)sulfinyl]methyl]-4-(3
methoxypropoxy)-3-methylpyridine I-oxide,

QNH CH,
N~~OCH3S I

~ N ~ and enantiomer

E. 2-[(RS)-[(4-methoxy-3-methylpyridin-2-yl)methyl]
sulfinyl]-1H-benzimidazole,

F. IH-benzimidazole-2-thiol,
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G. 2- [[(4-methoxy-3-methylpyridin-2-yl)methyl] sulfanyl]-IH
benzimidazole,

Q\ j NH CH3

A~CIN ~ I' and enantiamer

o N.#

fI.2-[(~~-[(4-chUoro-3-methylpyridin-2-yDmethy~su1fUnyU

IH-benzimidazole,

1. 2-[[(IH-benzimidazol-2-yl)sulfonyl]methyl]-4-(3
methoxypropoxy)-3-methylpyridine l-oxide,

K; IH-benzimidazol-2-01.
---'- PhEur

Racecadotril
(ph. Eur. monograph 2171)

o 0
~~lr°JVV <~H 0

S
o==< and enantiamer

CH3

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 5.0 gin 10 mL of acetone R.

Related substances
Liquid chromatography (2.2.29).

Solventmixture Mobile phase A,·mobile phase B
(50:50 VI1/).

Testsolution (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.

Testsoluti~n (b) Dilute 5.0 mL of test solution (a) to
25.0 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 solution (b) Prepare immediately before use. Dilute
500 ul, of racecadotril impun'ty A C~S in acetonitrile R and
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 racecadotril
impurity G C~S in the solvent mixture and dilute to 50 mL
with the solvent mixture. To 5 mL of this solution add 1 mL
of test solution (b) and dilute to 100 mL with the solvent
mixture.

Reference solution (d) Dissolve 50.0 mg of racecadotril C~S
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 racecadotril for peak
identification CRS (containing impurities C, E and F) in
1.0 mL of the solvent mixture.

Column:
- size: l =0.25 m, 0 =4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography ~ (5 !J111);
- temperature: 30 DC.

Mobile phase:
- mobile phaseA: dissolve 1.0 g of potassium dihydrogen

phosphate R in waterR, adjust to p'H 2.5 with phosphoric
acidR and dilute to 1000 mL with waterR;

- mobile phaseB: acetonitrile ~1;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-5 60 40
5 - 25 60 -> 20 40 -> 80
25 - 35 20 80

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 210 om.

Injection 10 ul, of the solvent mixture, test solution (a) and
reference solutions (a), (b), (c) and (e).

Identification of impurities Use the chromatogram supplied
with racecadotril for peak identification C~S and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities C, E and F.

Relatioe retention .With reference to racecadotril (retention
time =about 16 min): impurity A =about 0.2;

81110-73-8385.5

DEFINITION
Benzyl [[(2~~-2- [(acetylsulfanyl)methyl] -3-phenylpropanoyl]
amino] acetate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, freely soluble in methanol and
in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison racecadotril C~S.

CZIHz3N04S
PhEur _
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impurity C =about 0.3; impurity E =about 0.5;
impurity F = about 0.9.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurity G and racecadotril.

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 = 0.7;

- impurities C, 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);

- impurity A: 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 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
vacuo at 60°C for 4 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 (d).

Calculate the percentage content of C21H23N04S from the
declared content of racecadotril CRS.

IMPURITIES
Specified impurities A, C, E, F.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected byoneor other of the tests
in the monograph. They arelimited by thegeneral 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 for pharmaceutical use) B, D, G, H.

A. ethanethioic acid (thioacetic acid),

o

~I·.. N ...............C02H andenantiomerU <~H H
SH

B. [[(2RS)-2-benzyl-3-sulfanylpropanoyl] amino] acetic acid,

2020

C. ([(2RS)-2-[(acetylsulfanyl)methyl]-3
phenylpropanoyl] amino] acetic acid,

and stereoisomers

1).5,10-dibenzyl-4,11-dioxo-7,8-dithia-3,12
diazatetradecanedioic acid,

~C02Ho CH2

E. 2-benzylprop-2-enoic acid (2-benzylacrylic acid),

F. benzyl [(2-benzylprop-2-enoyl)amino]acetate,

o J)
~~~o -<" andenannomerU <~H 0

SH

G. benzyl [[(2RS)-2-benzyl-3-sulfanylpropanoyl]
amino] acetate,

°0
~~1(0~U <~H °

~
s-s . andstereoisomers

I ~ H... H °
# . N00.~

o 0
H. dibenzyl 5,10-dibenzyl-4,11-dioxo-7,8-dithia-3,12

diazatetradecanedioate.
_______~ PhEur

www.webofpharma.com



2020 Racementhol 11-779

PhEur _

Racementhol

DEFINITION
Mixture of equal parts of (lRS,2SR,5RS)-5-methyl-2-(1
methylethyl) cyclohexanol.

CHARACTERS
l\pp~arance _
Free-flowing or agglomerated, crystalline powder or prismatic
or acicular, colourless, shiny crystals.

Solubility
Practically insolublein 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.

IDENTIFICl\TION
Firstidentification: A, C.
Secondidentification: B, D.

A. Optical rotation (see Tests).

B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 mg of the substance to be
examined in methanolR and dilute to 5 mL with 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 ethyl acetate R, toluene R (5:95 VIV).

Application 2 JlL.
Development Over a path of 15 em.

Drying In air, until the solvents have evaporated.

Detection Spray with anisaldehyde solution R and heat at
100-105 -c 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.

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 gin 0.5 mL of anhydrous pyridine R.
Add 3 mL of a 150 gIL solution of dinitrobenzoyl 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 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

water R, recrystallise from 10 rnL of acetone R, wash with
iced acetone R and dry at 75°C at a pressure not exceeding
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 cent) R 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"!!).

Acidity or a1ka1inity
Dissolve 1.0 g in ethanol (96 percent) R and dilute to 10 mL
with the same solvent. Add 0.1 mL of phenolphthalein
solution R. The solution is colourless: Not more than 0.5 rnL
of 0.01 M sodium hydroxide is required to change the colour
of the indicator to pink.

Optical rotation (2.2.7)
-0.2° to + 0.2°, determined on solution S.

Related substances
Gas chromatography (2.2.28).

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.

Test solution (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 examined and 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 test solution (a) to
100.0 mL with methylene chloride R.

Reference solution (c) Dissolve 40.0 mg of menthol CRS in
methylene chloride R and dilute to 100.0 mL with the same
solvent.

Column:
- material: glass;
- size: l= 2.0 m, (2) = 2 nun;
- stationary phase: diatomaceous earth for gas

chromatography R impregnated with 15 per cent mlm of
macrogol 1500 R.

Carrier gas nitrogen for chromatography R.

Flow rate 30 mLlmin.

Temperature:
- column: 120°C;
- injection port: 150 DC;
- detector. 200 DC.

Detection Flame ionisation.

Injection 1 JlL.
Run time Twice the retention time of menthol.

System suitability:
- resolution: minimum 1.4 between the peaks due to

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.

89-78-1ClOHzoO 156.3

Preparation
Menthol and Benzoin Inhalation

(Racemic Menthol, Ph. Bur. monograph 0623)
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____________________ PhEur

PhEur _

yellow. Add 0.2 mL of 0.01 M hydrochloric acid; the solution
is red.

Optical rotation (2.2.7)
+ 0.2° 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 solution (a) Dissolve 0.20 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 1 mL of test solution (a) to 10 mL
with methanol R.
Reference solution (a) Dissolve 20 mg of racemic ephedrine
hydrochloride CRS in methanol R and dilute to 10 mL with the'
same solvent.

Reference solution (b) Dilute 1 mL of test solution (a) to
200 mL with methanol R.
Apply separately to the plate 10 ~L of each solution. Develop
over a path of 15 cm using a mixture of 5 volumes of
chloroform R, 15 volumes of concentrated ammonia Rand
80 volumes of 2-propanol R. Allow the plate to dry in air.
Spray with ninhydrin solution 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
(l00 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 0.170 gin 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 0.1 M sodium
hydroxide. Read the volume added between the two points of
inflexion.

1 mL of 0.1 M sodium hydroxide corresponds to 20.17 mg of
C lOH16ClNO.

STORAGE
Store protected from light.
____________________ PhEur

134-71-4201.7

H\ OH H

~N'CH andenantiomer • HelU .l~CH3 3

Action and use
Adrenoceptor agonist.

DEFINITION
Racemic ephedrine hydrochloride contains not less than
99.0 per cent and not more than the equivalent of
101.0 per cent of (lRS,2SR)-2-(methylamino)-I
phenylpropan-l-ol hydrochloride, calculated with reference to
the dried substance.

(Racemic Ephedrine Hydrochloride, Ph. Eur.
monograph 0715)

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.

Racephedrine Hydrochloride

CHARACTERS
A white 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
Firstidentification: B~ E.

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 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 1 rnL of
waterR, 0.2 mL of copper sulfate solution R and 1 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 waterR. The solution
gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.00 g in distilled 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 methylredsolution R
and 0.1 mL of O. 01 M sodium hydroxide; the solution is
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Raloxifene Hydrochloride
(Ph. Eur. monograph 2375)

Mobilephase:
- mobile phaseA: 9.0 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acid R;
- mobile phaseB: acetonitrile R;

PhEur --------------

DEFINITION
[6-Hydroxy-2-(4-hydr<>xyphenyl)-I-benzothiophen-3-yl][4- [2
(piperidin-l-yl)eu.~oxylphenyl]methanone hydrochloride.
Content .~...
97.5 per cent to 102~() 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 methanolR. 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).
Testsolution Dissolve 30 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 solution (bJ In order to produce impurity C in situ,
to 6 mg of the substance to be examined add 15 mL of
acetonitrile R, 3 mL of water R and 5 mL of stabilised strong
hydrogen peroxide solution R. Store at 30 "C for at least 6 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 solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution (c) Dissolve 3 mg of raloxijene for peak
identification CRS (containing impurity A) in the solvent
mixture and dilute to 10.0 mL with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationaryphase: base-deoaioated octylsilyl sz7ica gelfor

chromatography R (5 um);
- temperature: 35 "C.

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-9 75 25

9 - 40 75 .... 50 25 .... SO

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 280 nm.

Injection 10 j..lL.

Identification of impurityA Use the chromatogram supplied
with raloxijene for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity A.
Relative retention With reference to raloxifene (retention
time = about 18 min): impurity A = about 0.7;
impurity C = about 1.2.

System suitability:
- resolution: minimum 3.0 between the peaks due to

raloxifene and impurity C in the chromatogram obtained
with reference solution (b);

- symmetryfactor: maximum 1.8 for the principal peak in
the chromatogram obtained with reference solution (a).

Limits:
- impurityA: 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 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 DC for 3 h.

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

ASSAY
Liquid chromatography (2.2.29).

Buffer solution pH 2.5 7.2 g/L Solution of potassium
dihydrogen phosphate R adjusted to pH 2.5 with phosphoric
acid R.

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 raloxijene
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 rnL of
acetonitn7e R, ? mL of waterRand. 5 mL of stabilised strong
hydrogen peroxide solution R. Store at 30 DC for at least 6 h,
then dilute to 50.0 mL with buffer solution pH 2.5.

82640-04-8510.0

HO

OH

Action and use
Selective oestrogen receptor modulator.
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B. [6-hydroxy-2-(4-hydroxyphenyl)-1-benzothiophen-7-yl][4
[2-(piperidin-l-yl)ethoxy]phenyl]methanone,

871038-n-1482.5

Action and use
Antiviral (HIV).

(Ph. Bur. monograph 2887)

DEFINITION
Potassium 4-[[(4-fluorophenyl)methyl] carbamoyl] -l-methyl
2-[2-[(5-methyl-1 ,3,4-oxadiazol-2-yl)formamido]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 (2.2.24).

Comparison raltegravir 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.

B. It gives reaction (b) of potassium (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R1, waterR (25:75 VIV)o

Testsolution Dissolve 25.0 mg of the substance to be
examined 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 (a) Dissolve 25.0 mg of raltegravir
potassium CR$ 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.

PhEur _

Raltegravir Potassium

C. [6-hydroxy-2-(4-hydroxyphenyl)-1-benzothiophen-3-yl][4
[2-(piperidin-1-yl)ethoxy]phenyl]methanone N-oxide.

HO

____________________ PhEur

OH

OH

A. [6-hydroxy-2-(4-hydroxyphenyl)-7- [4-[2-(piperidin-1-yl)
ethoxy]benzoyl] -l-benzothiophen-3-yl][4-[2-(piperidin-1
yl)ethoxy]phenyl] methanone,

Column:
- size: l =0.15 ill, 0 =4.6 nun;
- stationary phase: base-deactivated octylsilyl szlica gelfor

chromatography R (3.5 J.lIIl);
- temperature: 35 DC.

Mobile phase acetonitrile R, buffer solution pH 2.5
(33:67 VIV)o

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 280 nm.

Injection 10 J,tL.
Run time Twice the retention time of raloxifene.

Relative retention With reference to raloxifene (retention
time = about 3 min): impurity C =. about 1.2.

System suiiability:
- 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 C2sH2sCIN04S from the
declared content of raloxzfene hydrochloride CRS.

IMPURITIES
Specified impurities A.

Other detectable impurities (thefollowing substances 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 the general
monograph Substances for pharmaceutical use (2034) e . 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, C.
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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 2 mg of raltegravir
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 sodium hydroxide R and dilute to 10.0 mL with the
same solvent. Stir the solution for 30 min. To 5.0 mL of the
solution add 5 mL of a 103 g/L solution of hydrochloric
acidR and dilute to 50.0 mL with the solvent mixture.

Reference solution (e) Dissolve 5 mg of raltegravir 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 50.0 mL with
the solvent mixture.

Column:
- size: 1= 0)5 m;'0 = 4.6 mm;
- stationary phase:phenylstlyl silica gelfor chromatography R

(3.5 urn);
- temperature: 15 "C.

Mobtle phase:
- mobile phaseA: 0.1 per cent V/V solution of phosphoric

acidR;
- mobile phase B: acetonitrile for chromatography R;

Time Mobile phase A Mobile phase B
(min) (per cent VfJJ) (per cent VIJI)

0-2 75 25

2-5 75 ~ 60 25 ~ 40

5 - 10 60 ~ 55 40 ~ 45

10 - 19 55 ~ 10 45 ~ 90

19 - 22 10 ~ 5 90 ~ 95

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 220 nm.

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 E; 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;
impurity E =about 0.95; impurity G =about 1.1;
impurity F = about 1.15.

Systemsuitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurity E and raltegravir.

Calculation of percentage contents:
- correction factor. multiply the peak area of impurity C by

1.6;
- for each impurity, use the concentration of raltegravir in

reference solution (b).

Limits:
- impurity C: maximum 0.3 per cent;
- impurities E, F, G: for each impurity, maximum

0.15 per cent;

Raltegravir Potassium 11-783

- unspecified impurities: for each impurity, maximum
0.10 per cent;

- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.6 per cent, determined on 0.500 g. Use as the
solvent a mixture of equal volumes of methanolR and
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 CzoHzOFKN60S taking
into account the assigned content of raltegravir
potassium CRS.

IMPURITIES
Specified impurities C, E, F, G.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or otherof the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities 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) A, B, D, H.

A. 2-(2-aminopropan-2-yl)-N-[(4-fluorophenyl)methyl]-5
hydroxy-1-methyl-6-oxo-1,6-dihydropyrimidine-4
carboxamide,

B. 2-[2- [(E)- [(dimethylamino)methylidene]amino]propan-2
yl]-N- [(4-fluorophenyl)methyl]-5-hydroxy-1-methyl-6-oxo
1,6-dihydropyrimidine-4-carboxamide,

C. 2- [2- [2-(2-acetylhydrazin-1-yl)-2-oxoacetamido]propan-2
yl]-N- [(4-fluorophenyl)methyl]-5-hydroxy-1-methyl-6-oxo
1,6-dihydropyrimidine-4-carboxamide,

D. N-[2- [4-[[(4-fiuorophenyl)m~thyl] carbamoyl]-5-hydroxy
1-methyl-6-oxo-1,6-dihydropyrimidin-2-yl]propan-2-yl]
oxamic acid,
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PhEur

DEFINITION
(2S,3aS,6aS)-I-[(2S)-2-[[(2S)-1-Ethoxy-1-oxo-4
phenylbutan-2-yl] amino] propanoyl] octahydrocyclopenta [b]
pyrrole-2-carboxylic acid.

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, freely soluble in methanol.

IDENTIFICATION --
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison ramipril CRS.

TESTS
Appearance ofsolution
The solution is clear (2.2.1) and colourless (2.2.2,
Method!!).
Dissolve 0.1 g in methanol R and 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
acidRl and 86 volumes of methanol R and dilute to 25.0 mL
with the same mixture of solvents.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20 mg of the substance to be
examined in 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
ramipril impurity C CRS and 2 mg of ramipril impurity D CRS
in mobile phase A and dilute to 25.0 ml.with mobile
phase A. To 1.0 mL of this solution, add 5.0 mL of the test
solution and dilute to 10.0 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 with mobile phase B.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with mobile phase B.
Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 65 "C.
Mobtle 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
forchromatography R; adjust to pH 3.6 with phosphoric
acidR and add 200 mL of acetonitrile R1;

- mobile phase B: 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; adjust to pH 2.6 with phosphoric
acidR and add 700 mL of acetonitrile R1;

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

87333-19-5416.5

Action and use
Angiotensin converting enzyme inhibitor.

Preparations
Ramipril Capsules

Ramipril Tablets

(Ph. Bur. monograph 1368)

G. ethyl (lZ)-N-[[2- [4-[[(4-fluorophenyl)methyl]carbamoyl]
5-hydroxy-I-methyl-6-oxo-l,6-dihydropyrimidin-2-yl]
propan-2-yl]oxamoyl] ethanehydrazonate,

F. ethyl (lE)-N-[[2-[4-[[(4-fiuorophenyl)methyl]carbamoyl]
5-hydroxy-1-methyl-6-oxo-l,6-dihydropyrimidin-2-yl]
propan-2-yl]oxamoyl] ethanehydrazonate,

__---'- PhEur

E. N-benzyl-5-hydroxy-l-methyl-2- [2-[(5-methyl-l ,3,4
oxadiazol-2-yl)fonnamido]propan-2-yl]-6-oxo-l,6
dihydropyrimidine-4-carboxamide,

H. N,N'-bis[2-[4-[[(4-fluorophenyl)methyl] carbamoyl]-5
hydroxy-l-methyl-6-oxo-1,6-dihydropyrimidin-2-yl]
propan-2-yl]oxamide.

Ramipril
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Tim.e
(min)

0-6

6-7

7 - 20

20 - 30

30 - 50

Mobile phase A
(per cent VIV)

90

90 75

75 65

65 25

25

Mobile phase B
(per cent VIJI)

10

10 25

25 35

35 75

75

Ramipril 11-785

in the monograph. They are limited by 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 for pharmaceutical use) E, F, G, H, I, J, K,
L, M, N, O.

Flow rate 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 /lL.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A, B, C and D.

Relativeretention With reference to ramipril (retention
time =about 18 min): impurity A =about 0.8;
impurity B = aboutLd; impurity C =about 1.5;
impurity D = about'L'Z.

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);

- symmetryfactor. 0.8 to 2.0 for the peak due to ramipril in
the chromatogram obtained with the test solution.

Limits:
- correction factor. 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 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: 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 0.2 per cent, determined on 1.000 g by drying in
an oven under high vacuum. at 60 DC for 4 h.

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

ASSAY
Dissolve 0.300 gin 25 mL of methanol R and add 25 mL of
waterR. Titrate with 0.1 M sodium hydroxide, determining the
end-point potentiometrically (2.2.20). Carry out a blank
titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 41.65 mg of
CZ3H3ZNzOs·

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one or other of the tests

A. (2S,3aS,6aS)-1-[(2S)-2-[[(2S)-1-methoxy-1-oxo-4
phenylbutan-2-yl] amino]propanoyl]octahydrocyclopenta
[b]pyrrole-2-carboxylic acid (ramipril methyl ester),

B. (2S,3aS,6aS)-1-[(2S)-2-[[(2S)-I-oxo-4-phenyl-1
[(propan2-yl) oxy]butan-2-yl]amino]propanoyl]
oetahydrocyclopenta[b]pyrrole-2-carboxylic acid (ramipril
isopropyl ester),

C. (2S,3aS,6aS)-1-[(2S)-2-[[(2S)-4-cyclohexyl-1-ethoxy
1oxobutan-2-yl] amino]propanoyl]octahydrocyclopenta
[b]pyrrole-2-carboxylic acid (hexahydroramipril),

D. ethyl (2S)-2-[(3S,5aS,8aS,9aS)-3-methyl-l,4
dioxodecahydro-2H-cyclopenta [4,5]pyrrolo [1,2-a]pyrazin
2-yl]-4-phenylbutanoate (ramipril diketopiperazine),

E. (2S,3aS,6aS)-1-[(2S)-2-[[(lS)-1-carboxy-3
phenylpropyl] amino]propanoyl]octahydrocyclopenta[b]
pyrrole-2-carboxylic acid (ramiprilat),
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F. (2S)-2-[[(2S)-1-ethoxy-l-oxo-4-phenylbutan-2-yl]
amino]propanoic acid, .

2-yl]-4-phenylbutanoate (ramipril
hydroxydiketopiperazine),

M. (ZR,3R)-Z,3-bis (benzoyloxy) butanedioic acid (dibenzoyl
tartric acid),

G. methylbenzene (toluene),

H. (2S,3aS,6aS)-I-[(2S)-2-[[(2R)-I-ethoxy-l-oxo-4
phenylbutan-2-yl]amino]propanoyl]oetahydrocyc1openta
[b]pyrrole-2-carboxylic acid ((R,S,S,S,S)-epimer of
ramipril),

N. (ZR,3aR,6aR)-1-[(2S)-2-[[(2S)-I-ethoxy-l-oxo-4
phenylbutan-2-yl] amino] propanoyl]octahydrocydopenta
[b]pyrrole-2-carboxylic acid ((S,S,R,R,R)-isomer of
ramipril),

1. (2S,3aS,6aS)-I-[(2R)-2-[[(2S)-1-ethoxy-l-oxo-4
phenylbutan-2-yl] amino]propanoyl]oetahydrocyc1openta
[b]pyrrole-2-carboxylic acid ((S,R,S,S,S)-epimer of
ramipril),

O. diethyl (28,2'E)-Z,Z'-[(28,5E)-2,S-dimethyl-3,6
dioxopiperazine-IA-diyl] bis(4-phenylbutanoate).

_____________-'-- PhEur

J. (2R,3aR,6aR)-1-[(ZR)-2-[[(2R)-I-ethoxy-l-oxo-4
phenylbutan-Z-yl] amino]propanoyl]oetahydrocyc1openta
[b]pyrrole-Z-carboxylic acid (enantiomer of ramipril),

Ranitidine Hydrochloride
(Ph. Bur. monograph 0946)

PhEur _

DEFINITION
N- [2-[ [[S-[(Dimethylamino)methyl]furan-2-yl]
methyl] sulfanyl]ethyl] -N'-methyl-z-nitroeth-l-ene-I, I

.diamine hydrochloride.

Content
98.S per cent to 101.5 per cent (dried substance).

66357-59-33S0.9

Action and use
Histamine Hz receptor antagonist; treatment of peptic ulcer
disease.

Preparations
Ranitidine Injection

Ranitidine Oral Solution

Ranitidine Tablets

Ranitidine Effervescent Tablets

K. (2S)- 2- [(3S,5aS,8aS,9aS)-3-methyl-l,4-dioxodecahydro-
2H-cyc1openta[4,5]pyrrolo[1,Z-a]pyrazin-2-yl]-4- .
phenylbutanoic acid (ramiprilate diketopiperazine),

L. ethyl (2S)-Z-[(3S,SaS,8aS,9aS)-9a-hydroxy-3-methyl-l ,4
dioxodecahydro-ZH-eyclopenta[4,S]pyrrolo [1,2-a]pyrazin-
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Flow rate 1.5 mIJrnin.
Detection Spectrophotometer at 230 nm.

Injection 10 J-lL.
Identification of impurities Use the chromatogram supplied
with raniiidine for impurityA. 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 1.7.

Systemsuitability:
- resolution: minimum 1.5 between the peaks due to

impurity J and ranitidine in the chromatogram obtained
with reference solution (c);

- the 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
withrererencesclution(~.

Calculation ofpercentage contents:
- correction factor: multiply the peak area of impurity J by

2.0;
- for each impurity, use the concentration of ranitidine in

reference solution (b).

Limits:
- impurity A: maximum 0.3 per cent;
- impurz·ty J: 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.

Loss on drying (2.2.32)
Maximum 0.75 per cent, determined on 1.000 g by drying
under high vacuum at 60 "C.

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

ASSAY
Dissolve 0.280 g in 35 mL of water 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
C13H23CIN403S.

STORAGE
In airtight container, protected from light.

IMPURITIES
Specified impurities A" J.
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
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 pharmaceutical use) B, C" D, E, F, G, H,
I, K.

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. Infrared 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 methanol R
in an agate mortar. Evaporate to dryness under a stream of
nitrogen R. Dry the residues under vacuum for 30 min.
Add 3 drops of liquid paraffin R 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 r~action (aYof chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
100.0 rnL with the same solvent.

Appearance of solution
Solution S is.clear (2.2.1) and not more intensely coloured
than reference solution BYs (2.2.2" MethodII).

pH (2.2.3)
4.5 to 6.0 for rolution S.

Related substances
Liquid chromatography (2.2.29).

Buffersolution Dissolve 6.8 g of potassium dihydrogen
phosphate R in 950 rnL of waterfor chromatography R. Adjust
to pH 7.1 with strong sodium hydroxide solution R and dilute to
1000 rnL 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
impurity A identification CRS in mobile phase A and dilute to
50.0 rnL 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 rnL with mobile phase A.

Reference solution (c) Dissolve the contents of a vial of
ranitidine impurity J CRS in 1.0 rnL of the test solution.

Blank solution Mobile phase A.

Column:
- size: l =0.1 m, (2) =4.6 rom;
- stationary phase: end-capped octadecylsilyl amorphous

organosilica polymer for chromatography R (3.5 urn);
- temperature: 35 "C.

Mobt1e phase:
- mobile phase A: acetonitrile for chromatography R, buffer

solution (2:98 V/V);
- mobile phase B: acetonitrile for chromatography R, buffer

solution (22:78 V/V);

Time
(min)

0-10

10 - 15

Mobile phase A
(per cent VIJl)

100 --> a
a

Mobile phase B
(per cent _VIJ'l

a --> 100

100
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A. N,N'-bis[2-[[[5-[(dimethyIamino)methyl]furan-2-yl]
methyl] sulfanyl] ethyl]-2-nitroeth-I-ene-1,l-diamine,

B. 2-[[[5-[(dimethylamino)methyl]furan-2-yl]methyl]sulfanyl]
ethan-l-amine,

C. N-[2-[[[S-[(dimethylamino)methyl]furan-2-yl]methyl]
sulfinyl]ethyl]-N'-methyl-2-nitroeth-l-ene-l .l-diamine,

D. N-[2-[[[S-[(dimethylamino)methyl]furan-2-yl]methyl]
sulfanyl]ethyl]-2-nitroacetamide,

E. [S-[[[2-[[I-(methylamino)-2-nitroeth-l-en-I-yl]amino]
ethyl]sulfanyl]methyI]furan-2-yl]-N,N
dimethylmethanamine N-oxide,

F. [5-[(dimethylamino)methyl]furan-2-yl] methanol,

G. [3-(methylamino)-5,6-dihydro-2H-l,4-thiazin-2-ylidene]
hydroxylamine,

H. N-methyl-2-nitroacetamide, .-.

2020

1. 2,2'-methylenebis[N-[2-[[[5-[(dimethylamino)
methyl] furan- 2-yl]methyl] sulfanyl]ethyl]-N'-methyl-2
nitroeth-l-ene-l, l-diamine],

J. N,N"-[methylenebis(sulfanediylethan-2,I-diyl)]bis(N'
methyl-2-nitroeth-l-ene-l, l-diamine),

K. N-methyl-l-(methylsulfanyl)-2-nitroeth-l-en-l-amine.
___________________ PhEur

Refined. Rapeseed Oil
(Ph. Bur. monograph 1369)
PhEur _

DEFINITION
Fatty oil obtained from the seeds of Brassica napus L.
and Brassica campestris 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 0.917.

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.-1.

TESTS
Acid value (2.5.1)
Maximum 0.5, determined on 10.0 g.

Peroxide value (2.5.5, MethodA)
Maximum 10.0.

Unsaponifiable matter (2.5.7)
Maximum 1.5 per cent, determined -on 5.0 g.

Alkaline impurities (2.4.19)
It complies with the test.
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Composition of fatty acids (2.4.22, MethodA)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatty-acid fraction of the oil:
- palmitic acid: 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.
_____________________ PhEur

Products of Recombinant DNA
Technology
(Ph. Bur. monograph 0784)
PhEur _

This monograph provides general requirements for the manufacture
and control of finishedproductsderived from recombinant DNA
(rDNA) technology, and indudes requirements for the active
substance in these products. Active substances produced by rDNA
technology are expected to meet the requirements giuen in the
corresponding section of the present monograph. These requirements
are not necessarily comprehensive in a given case and
complementary or additionalrequirements may beprescribed in an
individual monograph or Imposed-by thecompetent authority.
The monograph is alsoapplicable to vaccine antigens produced by
rDNA technology, with morederaz1ed requirements provided in the
general monograph Vaccines for human use (0153) and in
individual vaccine monographs.
Certain aspects of the monograph may applyto products produced
in transgenic animals and plants.
The monograph is not applicable to recombinant organisms that
are intended to beused directly in man and animals, for example
as live recombinant vectors or vaccines.

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
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. Viral safety 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 ofpyrogenic substances where applicable.

A batch shown to be stable and representative of batches
tested clinicallyis used as a reference preparation for
identification, tests and assay. The reference preparation is
appropriately char~cterised.

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, is demonstrated by:
- phenotypic and genotypic characterisation of the host cell;
- characterisation of the expression vector within the host

cell (e.g. integration, copy number, nucleotide sequence);
- documentation on the raw materials, the

transformation/transfection 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 (MCB) 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 (WCB) is a homogeneous suspension
of cells derived from the MCB(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, all containers are treated
identically during storage and once removed from storage,
are not returned to the cell stock.

The characterisation and testing of eukaryotic 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
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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 the expression vector.
The coding region corresponds to that expected for the
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 RAWMATERIALS
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. 1 or more vials(s) of the WCB) is used to
start the culture process. In-process controls
(e.g. for population doubling levels, cell
concentration, volumes, pH, 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, pH, 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 (2.2.43).

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
O-linked), degree of site occupancy, and oligosaccharide
structures of glycan chains (extensions, branching and
linkage) using, for example, the principles and techniques
described in general chapter 2.2.59. Glycan analysis of
glycoproteins.

Due to their possible immunogenicity, 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,
biochemical (including immunochemical assays) or physico
chemical assays, as appropriate.

The mechanism of action is investigated and preferably
reflected in the potency assay. .
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Immunochemical properties
Where relevant for the mechanism of action, e.g. in the case
of antibodies, immunochemical properties (such as
Fc-effector functions) are characterised extensively.

Product-related substances and impurities
Products of rDNA technology commonly display several
sources of heterogeneity (e.g. N- or C-terminal processing,
N-tenninal pyroglutamation, deamidation, oxidation,
isomerisation, fragmentation, disulfide bond mismatch,
N-linked and a-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-chemical 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
oligomers 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-cell 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. Total protein. The protein
content is determined using several methods, including
absolute methodes).

CONTROL STRATEGY
Based on the understanding of the product and process, 2

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 oftests and the stages at which they are
performed are based on knowledge of the manufacturing
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 bacterialendotoxins, 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 the 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.

Tests applied to modified proteins
Suitable tests are carried out depending on the type of
modification and the product complies with the approved
limits.
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ASSAY
Content
It complies with the 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. Total protein may be applied. When appropriate, other
methods using a suitable reference standard such as liquid
chromatography (2.2.29) may also be used. For modified
proteins, the content refers to the protein part of the
molecule.

Potency
A potency assay is established using a suitable reference
standard and carried out against this reference standard.
General chapter 5.3.Stanstical analysis of results of biological
'assays and tests may be used to design the assay and calculate
the results.
_______________--:...- PhEur

Regorafenib Monohydrate
(Ph. Bur. monograph 3012)

TESTS
Impurity A
Liquid chromatography (2.2.29). Carry out the testprotected
from lightand store the solutions 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 regorafenib
impurityA 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 mm;
- stationary phase: end-capped ethylene-bridged polar-embedded

octadecylsilyl silica gelfor chromatography (hybrid material) R
(3.5 urn);

- temperature: 50 "C.

Mobile phase:
- mobile phase A: mix 8 volumes of acetonitrile for

chromatography Rand 92 volumes of a solution containing
0.5 gIL of dipotassium hydrogen phosphate Rand 1.5 gIL of
potassium dihydrogen phosphate R;

- mobile phase B: acetonitrile for chromatography R;

PhEur _

Action and use
Tyrosine kinase inhibitor; treatment of metastatic colorectal
cancer and unresectable or metastatic gastrointestinal stromal
tumours.

o
0 ..... 78

Mobile phase B
(per cent VJlI)

100

100 ..... 22

Mobile phase A
(per cent VJlI)

Time
(min)

0-2

2 - 17

Flow rate 1.0 mlJrnin.

Detection Spectrophotometer at 228 nm.

Autosampler Set at 8 "C.

Injection 3.0 ilL.
Relatiue retention With reference to regorafenib (retention
time = about 14 min): impurity A = about 0.6.

System suitability Reference solution:
- repeatability: maximum relative standard deviation of

10.0 per cent determined on 6 injections.

Calculation of content:
- for impurity A, use the concentration of impurity A in the

reference solution.

Limit:
- impun"cy A: maximum 100 ppm.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from lightand store the solutions at 2-8 "C.

Test solution (a) Dissolve 30.0 mg of the substance to be
examined in methanol R and dilute to 20.0 mL with the same
solvent.

Test solution (b) Dilute 15.0 mL of test solution (a) to
50.0 mL with methanol R.

Reference solution (a) Dissolve 30.0 mg of regorafenib
monohydrate GRS in methanol R and dilute to 20.0 mL with
the same solvent. Dilute 15.0 mL of the solution to 50.0 mL
with methanol R.

Reference solution (b) Dilute 1.0 mL oftest solution (a) to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.

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).

1019206-88-2500.8

DEFINITION
4-[4-[[[4-Chloro-3-(trifluoromethyl)phenyl]
carbamoyl] amino] -3-fluorophenoxy]-N-methylpyridine-2
carboxamide monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white or 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).

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison regorafenib monohydrate GRS.

If 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 dryness and
record new spectra using the residues.

B. Water (see Tests).
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Reference solution (d) Dissolve 3 mg of regorafenib
impurity C CRS in methanolR and dilute to 100 mL with the
same solvent.

Reference solution (e) Dissolve 3 mg of regorafenib
impurityD CRS in dimethyl sulfoxide R and dilute to 100 mL
with the same solvent.

Reference solution (j) Mix 1 mL of reference solution (d)
and 1 mL of reference solution (e) and dilute to 20 mL with
methanolR.

Column:
- size: l =0.15 m, (2) =2.1 mm;
- stationary phase: end-capped ethylene-bridged phenylsilyl silica

gelfor chromatography (hybrid material) R (3.5 J.!IIl);
- temperature: 63 DC.

Mobilephase:
- mobile phase A: acetonitrile for chromatography R,

0.1 per cent V/V solution of trifluoroacetic acidR
(3:97 V/V);

- mobile-phase B: acetonitrile for chromatography R;

Time
.,~.

Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-2 100 0

2 - 15 100 -+ 78 0-+22

15 - 25 78 -+ 60 22 -+ 40

25 - 33 60 -+ 36 40 -+ 64

33 - 37 36 64

Flow rate 0.9 mIJmin.
Detection Spectrophotometer at 232 nm.

Autosampler Set at 8°C.

Injection 5 J.LL of test solution (a) and reference
solutions (b), (c) and (f),

Identification of peaks .Use the chromatogram obtained with
reference solution (1) to identify the peaks due to
impurities C and D; use the chromatogram obtained with
reference solution (c) to identify the peak due to sorafenib.

Relative retention 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:
- correction factors: 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:
- impurityD: maximum 0.2 per cent;
-r-t-- impurity C: 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 (2.5.32)
3.2 per cent to 4.0 per cent, determined on 50.0 mg 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.

Regorafenib Monohydrate 11-793

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 C21HlSC1F4N403 taking
into account the assigned content of regorafenib
monohydrate CRS.

IMPURITIES
Specified impurities A, C, D.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or 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 necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, E.

A. 4-(4-amino-3-fluorophenoxy)-N-methylpyridine-2
carboxamide,

B. 4-(4-acetamido-3-fluorophenoxy)-N-methylpyridine-2
carboxamide,

C.4-[3-fluoro-4-[[2-(methylcarbamoyl)pyridin-4-yl]amino]
phenoxy]-N-methylpyridine-2-carboxamide,

D. 33,72-difluoro-N,N'-dimethyl-5-oxo-2,8-dioxa-4,6-diaza-1
(4),9(4)-dipyridina-3(1,4),7(i,4)-dibenzenanonaphane
12,92-dicarboxamide,

E. 94-chloro-34-[[[4-chloro-3-(trifluoromethyl)

phenyl]carbamoyl]amino]_53-fluoro-N-methyl-7-oxo-93-
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(trtlluoromethyl)-2,4-dioxa-6,8-diaza-1(4)-pyridilla-3
(1,3),5 (1,4),9(1)-tribenzenanonaphane-12-carboxaniide.

____________________ PhEur

Remifentanil Hydrochloride
(Ph. Eur. monograph 2644)

• Hel

2020

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with mobile phase R Dilute 1.0 mL of this
solution to 10.0 rnL with mobile phase B.

Reference solution (c) Dissolve 30.0 mg of remifentanil
hydrochloride CRS in mobile phase B and dilute to 20.0 mL
with mobile phase B. Dilute 1.0 mL of the solution to
20.0 mL with mobile phase B.

Column:
- size: I = 0.10 m, '1 = 2.1 mm;
- stationary phase: end-capped octadecylphenylsilyl silica gel

for chromatography R (2 urn);
- temperature: 40°C.

Mobile phase:
- mobile phase A: acetonitrile R1, methanol R2, buffer solution

(1:9:90 VIVIV);
- mobile phaseB: acetonitrile R1, buffer solution, methanol R2

(12:40:48 VIVIV);

412.9 132539-07-2

Action and use
Opioid receptor agonist; analgesic.

PhEur _

DEFINITION
Methyl 1-(3-methoxy-3-oxopropyl)-4-[phenyl
(propanoyl)amino] piperidine-a-carboxylate hydrochloride.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble 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 hydrochloride 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 II).

Dissolve 0.5 g in waterR 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
to pH 3.0 with phosphoric acid R and dilute to 1000 mL with
waterfor chromatography R.

Test solution (a) Dissolve 30.0 mg of the substance to be
examined in mobile phase B and dilute to 20.0 mL with
mobile phase B.

Test solution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with mobile phase B.
Reference solution (a) Dissolve 3 mg of remifentanil
impuritymixture CRS (containing impurities A, B, C, E, L, N
and 0) in mobile phase B and dilute to-z.O mL with mobile
phase B.

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-8 85 15

8 - 40 85 --+ 45 15 --+ 55

Flow rate 0.65 mlJmin.

Detection Spectrophotometer at 210 nm.
Injection 5.0)lL of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with remifentanil impuritymixture CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
to impurities A, B, C, E, L, N and O.
Relative retention With reference to remifentanil (retention
time = about 10 min): impurity L = about 0.2;
impurity 0 = about 0.40; impurity B = about 0.44;
impurity A =about 0.7; impurity C =about 0.80;
impurity N = about 0.85; impurity E = about 1.4.

System suitabiluy 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 of percentage contents:
- correction factor. multiply the peak area of impurity L

by 1.5;
- for each impurity, use the concentration of remifentanil in

reference solution (b).

Limits:
- impurityC: maximum 0.5 per cent;
- impurityA: 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;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Methyl acrylate
Head-space gas chromatography (2.2.28).

Internal standard solution Dilute 25.0 ilL of propanol R to
100.0 mL with waterfor chromatography R. Dilute 50.0 mL of
the solution to 1000.0 mL with waterfor chromatography R.

Testsolution Dissolve 0.100 g of the substance to be
examined ill the internal standard solution and dilute to
5.0 mL with the internal standard solution.
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Reference solution Dilute 75.0 IlL of methyl acrylate 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:1= 5 m, 0 = 0.25 mrn.

Column:
- material: fused silica;
- size: 1=60 m, 0 =0.53 mrn;
- stationary phase: poly(cyanopropylphenyl) (14) (methyl) (86)

siloxane R (film thickness 3 1J1Il).

Carrier gas heliumfor chromatography R.

Flow rate 8.3 mUmin.
Pressure 68.9 kPa.

Split ratio 1:10.

Static head-space conditions that may be used:
- equilibration temperature: 90°C;
- equilibration time: 5 min;
- transfer-line temperature: 180°C;
- pressurisation time: 2 min;
- injection: Q s or t mL;
- withdrawaltime: 12 s;
- shaker. on.

Temperature:

Remifentanil Hydrochloride 11-795

Injection Test solution (b) and reference solution (c).

Retention time Remifentanil = about 11 min.

System suuability Reference solution (c):
- symmetryfactor. maximum 2.2 for the peak due to

remifentanil.

Calculate the percentage content of CzoHZ9ClNzOS taking
into account the assigned content of remijentanil
hydrochloride CRS.

IMPURITIES
Specifiedimpurities A, B, C, E, L.
Other detectable 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 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) D, G, H, I, J, K, M,
N, O.

Detection Flame ionisation.

Retention time Propanol = about 25 min; methyl
acrylate =about 27 min.

System suitability Reference solution:
- resolution: minimum 5.0 between the peaks due to

propanol and methyl acrylate.

Calculate the content of methyl acrylate, taking its relative
density to be 0.955 at 20°C.

Limit:
- methyl acrylate: 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 (2.4.14)
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.

Mobilephase:

Column

Injection port

Detector

Time
(min)

0-35

35 - 40

40 - 50

Temperature
CC)
35

35 --> 210

210

180

250

A. methyl 4-[phenyl(propanoyl)amino]piperidine-4
carboxylate,

QI 0

~f?~OCH3H3CyN
o

o OCH3

B. methy14-[acetyl(phenyl)amino]-1-(3-methoxy-3
oxopiopyl)piperidine-4-carboxylate,

C. 3- [4-(methoxycarbonyl)-4-[phenyl (propanoyl)
amino]piperidin-1-yl]propanoic acid,

QI 0

~f?~OCH3
H3C~N

o
o OCH3

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-8 85 15

8 - 12 85 --> 83 15 --+ 17

12 - 15 83 --> 15 17 --+ 85

15 - 25 15 85

D. methyl 4- [butanoyl(phenyl)amino]-1-(3-methoxy-3
oxopropyl)piperidine-4-carboxylate,
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QI 0

"" r~~OCH3HN'}J
eN

E. methyl 1-(3-methoxy-3-oxopropyl)-4-[(2-methyl-3
oxopentanoyl) (phenyl)amino[piperidine-a-carboxylate,

M.methyl 3-(4-cyano-4-(phenylamino)piperidin-l-yl]
propanoate,

G. methyl I-benzyl-4- [phenyl(propanoyl)amino]piperidine-4
carboxylate,

N. methyl 3-[4-cyano-4-[phenyl (propanoyl)amino]piperidin
l-yl]propanoate,

O. N-phenylpropanamide.
___________________ PhEur

H. I-benzyl-4-(phenylamino)piperidine-4-carbonitrile~

135062-02-1452.6

(Ph. Bur. monograph 2135)

Action and use
Stimulates insulin release; treatment of diabetes mellitus.

Repaglinide

I. I-benzyl-4-(phenylamino)piperidine-4-carboxamide~

J. methyl I-benzyl-4-(phenylamino)piperidine-4-carboxylate, PhEur _

K. methyl I-methyl-4- [phenyl(propanoyl)amino]piperidine-4
carboxylate,

L. methyl 3-(2-ethyl-4-oxo-l-phenyl-l,3,8-triazaspiro
(4.5]dec-2-en-8-yl)propanoate,

DEFINITION
2-Ethoxy-4-(2-[[(1S)-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).

CHARACTERS
Appearance
White or almost white powder.

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 + 7.7.

Dissolve 1.00 g in methanol R and dilute to 20.0 rnL with the
same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison repaglinide CRS.
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Equilibration afterinstallation of the column for use Using
water R, slowly increase the flow rate from 0.2 mUmin to
0.5 mlJmin. Maintain the flow rate at 0.5 mUmin for
5 min. The column must be washed for 1 h at a flow rate of
1 rnlJrnin with waterR and for 1 h with the mobile phase at
the initial composition prior to the 1st analysis.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 240 nm.

Injection 10 ~L of the test solution and reference
solutions (b) and (c).

Retention time Repaglinide = about 3.3 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.

Limit:
- impun:ty E: not more than the area of the principal peak in

the chromatogram obtained with reference solution (b)
(0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 30.0 mg of the substance to be
examined in acetonitrile R and dilute to 10.0 mL with the
same solvent.

Reference solution (aJ Dilute 5.0 mL of the test solution to
100.0 mL with acetonitrile R. Dilute 2.0 mL of this solution
to 100.0 mL with acetonitrile R.

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
Enantiomeric purity
Liquid chromatography (2.2.29). Prepare the solutions in amber
flasks 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 (aJ Dissolve 5.0 mg of repaglinide
impurity E CRS in methanol R and dilute to 50:0 mL with the
same of solvent. '

Reference solution (bJ Dilute 2.0 mL of reference solution (a)
to 100.0 mL with methanol R.

Reference solution (cJ Mix 1.0 mL of the test solution and
10 mL of reference solution (a) and dilute to 50.0 mL with
methanolR.

Column:
- size: l = 0.1 m, 0 = 4.0 mm,
- stationary phase: silica gelAGP for chiral chromatography R

(5 urn),

Mobile phase:
- mobile phase A: 1.0 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 4.7 with dilute sodium
hydroxide solution R;

- mobile phase B: acetonitrile R;

Reference solution (bJ With the aid of an ultrasonic bath,
dissolve the contents of 1 vial of repaglinide for system
suitability CRS in 2.0 mL of acetonitrile R.

Column:
- size: l = 0.15 m, 0 = 4.6 mm,
- stationary phase: silica gelfor chromatography, alkyl-bonded

for usewith highly aqueous mobile phases R (5 um),
- temperature: 45 DC.

Mobzle phase:
- mobile phase A: 4.0 gIL solution ofpotassium dihydrogen

phosphate R adjusted to pH 3.2 with dilute phosphoric
acidR;

- mobile phase B: mobile phase A, acetonitrile R
(300:700 V/V);

Flowrate 1.5 mUmin.

Detection Spectrophotometer at 240 nm.

Injection 10 ~.

Relative retention With reference to repaglinide (retention
time = about 10 min): impurity A = about 0.2;
impurity B =about 0.3; impurity C =about 0.4;
impurity D = 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 repaglinide for system
suitability 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 =0.7; impurity C =3.1;

- impurities A, B, 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);

- any 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);

- 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 DC.

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

ASSAY
Dissolve 0.320 gin 10 mL methanol R and add 60 mL of
anhydrous acetic acid R. 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 45.26 mg
of CZ7H36Nz04'

STORAGE
Protected from light.

50 -> 93

93

Mobile phase B
(per cent VIJI)

50 -> 7

7

Mobile phase A
(per cent VIJI)

Time
(min)

0-20

20 - 30

20 -> 40

40

Mobile phase' B
~cent VIJI)

80 ~ 60

60

Mobile phase A
(per cent VIJI)

0-4

4-6

Time
(min)
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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
the same solvent. Examine immediately.

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 nm is not
greater than 0.10.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 0.500 g by drying at
60°C over diphosphorus pentoxide R at a pressure not
exceeding 667 Pa for 3 h.

PhEur _

DEFINITION
Methyl 11,17ac-dimethoxy-18P-[(3,4,5-trimethoxybenzoyl)
oxy]-313,20ac-yohimban-16p-carboxylate.

Content
- reserpine: 98.0 per cent to 102.0 per cent (dried

substance),
- total alkaloids: '99.0 per cent to 101.0 per cent (dried

substance) .

CHARACTERS
Appearance
White or slightly yellow, small crystals or crystalline powder,
darkening slowly on exposure to light.'

Solubility
Practically insoluble in water, very slightly soluble in ethanol
(96 per cent).

IDfuVfIFlCATION
Firstidentification: B.

Second identification: A, C, D, B.

A. Ultraviolet. and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 20.0 mg in chloroform R and dilute to
10.0 m.L with the same solvent. Dilute 1.0 mL of this
solution to 100.0 mL with ethanol (96 per cent) R. Examine
immediately.

Spectralrange 230-350 nm.

Absorptionmaximum At 268 nm.

Specificabsorbance at the absorption maximum 265 to 285.

Over the range 288-295 nm, the curve shows 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 1 mg add 0.1 mL of a 1 g!L~olution of sodium
molybdate R in sulfuric acidR. A yellow colour is produced
which becomes blue within 2 min.

D. To about 1 mg add 0.2 mL of a freshly prepared 10 gIL
solution of vanillin R in hydrochloric acidR. A pink colour
develops within 2 min.

E. Mix about 05 mg with 5 mg of
dimethylaminobenzaldehyde Rand 0.2 mL of glacial acetic
acid R and add 0.2 mL of sulfuric acidR. A green colour is
produced. Add 1 mL of glacial acetic acidR. The colour
becomes red.

50-55-5609

(Ph. Bur. monograph 0528)

Action and use
Rauwolfia alkaloid; treatment of hypertension.

D. ethyl 2-ethoxy-4-[2-[[(1S)-3-methyl-l-[2-(piperidin-l-yl)
phenyl]butyl] amino] -2-oxoethyl] benzoate,

C. (1S)-3-methyl-l-[2-(piperidin-l-yl)phenyl]butan-1-amine,

B. [3-ethoxy-4-( ethoxycarbonyl)phenyl] acetic acid,

E. 2-ethoxy-4-[2-[[(lR)-3-methyl-1-[2-(piperidin-l-yl)phenyl]
butyl]amino] -2-oxoethyl]benzoic acid.

A. 4-(carboxymethyl)-2-ethoxybenzoic acid,

Reserpine

IMPURITIES
Specified impurities ,A, B, C, D, E.

____________________ PhEur
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PhEur _

____________________ PhEur

(Ph. Bur. monograph 0290)

Resorcinol

____________________ PhEur

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 B, 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 0.1 M hydrochloric
acid or 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 GRas the coating substance.

Test solution Dissolve 0.5 g of the substance to be examined
in methanolR and dilute to 10 mL with the same solvent.

Reference solution Dilute 0.1 mL of the test solution to
20 mL with methanolR.

Apply separately to the plate 2 !1L of each solution. Develop
over a path of 15 cm 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).

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, 15 mL of chloroform Rand
15.0 mL of hydrochloric acid Rl. Stopper the flask, shake and
allow to stand in the dark for 15 min, shaking occasionally.
Add 10 mL of a 100 g/L solution of potassium iodide R, shake
thoroughly, allow to stand for 5 min and titrate with 0.1 M
sodium thiosulfate, using 1 mL of starch solution R as indicator.

1 mL of 0.0167 M potassium bromate is equivalent to
1.835 mg of C6H60Z'.
STORAGE
Store protected from light.

which becomes pale yellow on the addition of a slight excess
of hydrochloric acid R.

C. Thoroughly mix about 10 mg with about 10 mg of
potassium hydrogen phthalateR, both finely powdered. Heat
over a naked flame until an orange-yellow colour is obtained.
Cool and addI mL of dilute sodium hydroxide solution R and
10 mL of waterR and shake to dissolve. The solution shows
an intense green fluorescence.

108~46-3110.1

H0yY0H

o

Action and use
Keratolytic.

IDENTIFICATION
A. Melting point (2.2.14): 109 °C to 112 °C.

E. Dissolve 0.1 g.in 1 mL of water R, add 1 mL of strong
sodium hydroxide solutionR and 0.1 mL of chloroform R, heat
and allow to cool. An intense, deep-red colour develops

CHARACTERS
A colourless or slightly pinkish-grey, crystalline powder or
crystals, turning red on exposure to light and air, very soluble
in water and in alcohol.

STORAGE
Protected from light.

Sulfated ash (2.4.14)
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 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M perchloric acid 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 per cent) R,add 2 mL of 0.25 M sulfuric acid and
10 mL of ethanol (96 per cent) R, and warm gently to
dissolve. Cool and dilute to 100.0 mL with ethanol
(96 per cent) R. Dilute 5.0 mL of this solution to 50.0 mL
with ethanol (96 per cent) R. Prepare a reference solution in
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 mLof 0.25 M.'Sulfun·c acid and 2.0 mL of a freshly
prepared 3 gIL solution of sodium nitriteR. Mix and heat in a
water-bath at 55 °C for 35 min. Cool, add 1.0 mL of a
freshly prepared 5Q~g/L solution of sulfamic acid R and dilute
to 25.0 mL with eth~nol (96 per cent) R. Measure the
absorbance (2.2.2Sfof each solution at the absorption
maximum at 388 nm, using as the compensation liquid
10.0 mL of the same solution prepared at the same time in
the samemanner, but omitting the sodium nitrite.

Calculate the content of C33H4oNzOg from the absorbances
measured and the concentrations of the solutions.

DEFINITION
Resorcinol contains not less than 98.5 per cent and not more
than the equivalent of 101.0 per cent ofbenzene-1,3-diol,
calculated with reference to the dried substance.
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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 IU/g.

It may contain suitable stabilisers such as antioxidants.

CHARACTERS
Appearance
Yellow or brownish-yellow, oily liquid.

Solubility
Practically insoluble in water, soluble or partly soluble in
anhydrous ethanol, miscible with organic solvents.

Partial crystallisation may occur in highly concentrated
solutions.

11-800 Retinol

Synthetic Retinol Concentrate
(Oily Form)
(Vitamin A Concentrate (Or.7y Form) Synthetic,
Ph. Bur. monograph 0219)

Action and use
Vitamin A.

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

2020

Ifpartial crystallisation has occurred, homogenise the materialat a
temperature of about 65°C," but avoidprolonged heating..

Carry out the assay according to MethodA. If the assay is not
shown to be valid, useMethod B.

Method A
Ultraviolet absorption spectrophotometry (2.2.25).

Dissolve 25-100 mg, weighed with an accuracy of
0.1 per cent, in 5 mL of pentaneR and dilute with
2-propanol Rl to a presumed concentration of 10-15 IU/mL.

Verify that the absorption maximum of the solution lies
between 325 nm and 327 nm and measure the absorbances
at 300 nm, 326 nm, 350 nm and 370 nm. Repeat the
readings at each wavelength and take the mean values.
Calculate the ratio AJA326 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:

A 326 X Vx 1900
100xm

A 32 6 absorbance at 326 nm,
m mass of the preparation to be examined, in grams,
V total volume to which the preparation to be examined is diluted

to give 10-15 IU/mL,
1900 factor to convert the specificabsorbance of esters of retinol into

International Units per gram.

IDENTIFICATION
Thin-layer chromatography (2.2.27).

Test solution Prepare a solution containing about 3.3 IU of
vitamin A per micro litre in cyclohexane R containing 1 gIL of
butylhydroxytoluene R.

Reference solution Prepare a 10 mg/mL solution of retinol
esters CRS (i.e. 3.3 IU of each ester per microlitre) in
cyclohexane R containing 1 gIL of butylhydroxytoluene R.

Plate TLC silica gel F254 plateR.
Mobile phase etherR, cyclohexane R (20:80 VIV).

Application 3~.

Development Immediately, over a path of 15 cm.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitability 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 the 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, Method A)
Maximum 10.0.

Related substances
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

ASSAY
Carry out the assay as rapidly as possible, avoidingexposure to
actinic light, air, oxidisingagfl1'lts, oxidation catalysts (e.g. copper,
iron), acids and prolonged heu; usefreshly prepared solutions.

If one or more of the ratios A,jA326 exceeds the values given,
or if the wavelength of the absorption maximum does not lie
between 325 nm and 327 nm, use Method B.

MethodB
Liquid chromatography (2.2.29).

Test solution (a) Introduce 0.100 g of the preparation to be
examined 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 1 gIL of
butylhydroxytoluene R, and homogenise carefully to avoid air
bubbles.
Test solution (b) Dilute test solution (a) with 2-propanol R to
a final concentration of 100 IU/mL.

Reference solution (a) .Introduce about 0.100 g of retinol
acetate(:.RS into a 10.0 mL volumetric flask and proceed as
described for test solution (a).

Reference solution (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 mm,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

NIobz1e phase water R, methanolR (5:95 VIV).

Flow rate 1 mlJmin.

Detection Spectrophotometer at 325 nm.

Injection 10 ul, 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 in International Units per
gram using the following expression:

www.webofpharma.com



2020

Al area of the peak due to retinol in the chromatogram obtained
with test solution (b),

A2 area of the peak due to retinol in the chromatogram obtained
with reference solution (b),

C concentration of retinol acetate CRS in International Units per
gram, determined by method A; the absorption ratios AJA326

must conform,
mi mass of the substance to be examined in test solution (a), in

milligrams,
m2 mass of retinol acetate CRS in reference solution (a), in

milligrams.

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 labelstates:
- 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.
_____________________ PhEur

Synthetic Retinol Concentrate
(Powder Form)
(Vitamin A Concentrate (PowderForm), Synthetic)
Ph. Bur. monograph 0218)

Action and use
Vitamin A.

PhEur _

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 IV/g.

It may contain suitable stabilisers such as antioxidants.

CHARACTERS
Appearance
Yellowish powder usually in the form of particles of almost
uniform size.

Solubility
Practically insoluble in water, swells or forms an emulsion,
depending on the formulation.

IDENfIFICATION
Thin-layer chromatography (2.2.27).

Test solution Introduce a quantity of the preparation to be
examined containing about the equivalent of 17 000 IV of
vitamin A into a 20 mL glass-stoppered test tube. Add about
20 mg of bromelains R, 2 mL of water R and about 150 J.LL of
2-propanolR, 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 1 gIL of butylhydroxytoluene R. Shake

Retinol 11-801

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 ill of each ester per microlitre) in
2-propanol R containing 1 gIL of butylhydroxytoluene R.

Plate TLC silica gel F254 plate R.

Mobilephase etherR, cyclohexane R (20:80 V/V).

Application 3 J.LL.
Development 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 the

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 Substances for
pharmaceutical use (2034) do not apply.

ASSAY
Carry out the assay as rapidly as possible) avoiding exposure to
actiniclight) air) oxidisingagents) oxidation catalysts (e.g. copper)
iron), acids and prolonged 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 20-30 mg of
bromelains R, 5.0 mL of water Rand 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
tetrabutylammonium hydroxide in 2-propanol. Swirl gently and
let the mixture react for 10 min at 60-65 °C for hydrolysis,
swirling occasionally. Ensure that all sample material is
wetted. Allow to cool to room temperature, dilute to
100.0 mL with 2-propanolR containing 1 gIL of
butylhydroxytoluene R, and homogenise carefully to avoid air
bubbles. The solution may be turbid.

Test solution (b) Dilute test solution (a) with 2-propanol R to
a final concentration of 100 IV/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 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 1 gIL of
butylhydroxytoluene 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 m, 0 =4 mm,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1Jl11).

Mobile-phase water R, methanol R (5:95 V/V).

Flow rate 1 mLlmin.

Detection Spectrophotometer at 325 nm.
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Injection 10 JlL 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:

Al area of the peak due to retinol in the chromatogram obtained
with test solution (b),

A2 area of the peak due to retinol in the chromatogram obtained
with reference solution (b),

C concentration of retinol acetate CRS in International Units per
gram, determined by the method below,

m, mass of the substance to be examined in test solution (a), in
milligrams,

mz mass of retinol acetate CRS 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-propanol R1 to a presumed concentration of 10-15 IV/mL.
Verify that the absorption maximum of the solution lies
between 325 nm and 327 nm and measure the absorbances
at 300 nm, 326 nrn, 350 nm and 370 nm. Repeat the
readings at each wavelength and take the mean values.
Calculate the ratio A,jA326 for each wavelength.

If the ratios do not exceed: 0.60 at 300 nm, 0.54 at 350 run,
0.14 at 370 nm, calculate m.e content of vitamin A in
International Units per gram using the following expression:

A 326 X V x 1900

100xm

A326 absorbance at 326 nm,
m mass of retinol acetate CRS, in grams,
V total volume to which the retinol acetate CRS is diluted to give

10-15 IU/rnL,
1900 factor to convert the specific absorbance of esters of retinol into

International Units per gram.

The absorbance ratios A,JA326 must conform.

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 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.
______________________ PhEur

2020

Synthetic Retinol Concentrate,
SolubilisatelEmulsion
Synthetic Retinol Concentrate (Water-dispersible
Form)

(Vitamin A Concentrate, (Solubz1isateIEmulsion), Synthetic,
Ph. Bur. monograph 0220)
PhEur _

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 water R previously warmed
to 50°C gives, after cooling to 20 DC, 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 17000 IV of
vitamin A into a 20 mL glass-stoppered test tube. Add 5 mL
of 2-propanol R containing 1 gIL of butylhydroxytoluene Rand
mix thoroughly.

Reference solution Prepare a 10 mglmL solution of retinol
esters CRS (i.e. 3.3 IU of each ester per micro litre) in
2-propanol R containing 1 gIL of butylhydroxytoluene R.
Plate TLC silica gelF254 plateR.
Mobile phase ether R, cyclohexane R (20:80 VIV).

Application 3 JlL.

Development Over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System su£tabil£ty 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 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 Substances for
pharmaceutical use (2034) do not apply.

ASSAY
Carry out the assayas rapidly aspossible, avoiding exposure to
actinic light, air, oxidising agents, oxidation catalysts (e.g. copper,
iron), acids and prolonged heat.
Liquid chromatography (2.2.29).

Testsolution (a) Introduce 0.200 gofthe preparation to be
examined into a 100 mL volumetric flask. Add 40 mL of
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0.1 M tetrabutylammonium hydroxide in 21Jropanol. Swirl into
dispersion and let the mixture react for 10 min at 60-65 °C
for hydrolysis, swirling occasionally. Ensure that all sample
material is wetted. Allow to cool to room temperature, dilute
to 100.0 mL with 21Jropanol R containing 1 gIL of
butylhydroxytoluene R and homogenise carefully to avoid air
bubbles. Residue of the matrix may make the solution more
or less cloudy.

Test solution (b) Dilute test solution (a) with 21Jropanol 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 ofpentane R. Add 40 ml, of 0.1 M
tetrabutylammonium hydroxide in 2~ropanol. 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 19/L of
butylhydroxytoluene R, and homogenise carefully to avoid air
bubbles.

Reference solution (b)j~' Dilute reference solution (a) with
2-propanol R to a $~l concentration of 100 IU/mL'
Homogenise careftil1yto avoid air bubbles.
Column: ."""

- size: l = 0.125Iii;~0 = 4 mm,
- stationaryphase:octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase waterR, methanol R (5:95 VIV).

Flow rate 1 mUmin.
Detection Spectrophotometer at 325 urn.

Injection toul, of test solution (b) and reference
sohrtion (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:

Ribavirin 11-803

A 326 X V x 1900

100xm

A 326 absorbance at 326 nm,
m mass of retinol acetate CRS, in grams,
V total volume to which the retinol acetate CRS is diluted to give

10-15 IV/mL,
1900 factor to convert the specific absorbance of esters of retinol into

International Units per gram.

The absorbance ratios A,jA326 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 labelstates:
- 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.
______________________ PhEur

Ribavirin
(Ph. Bur. monograph 2109)

o
H2N-lZ

HO~O$)
~N

OH OH

PhEur _

DEFINITION
1-P-D-Ribofuranosyl-1H-1 ,2,4-triazole-3-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 polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison ribavirin CRS.

A1 area of the peak due to retinol in the chromatogram obtained
with test solution (b),

A 2 area of the peak due to retinol in the chromatogram obtained
with reference solution (b),

C concentration of retinol acetate CRS in International Units per
gram, determined by the method below,

ml mass of the substance to be examined in test solution (a), in
milligrams,

m2 mass of retinol acetate CRS 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-propanol R1 to a presumed concentration of 10-15 IU/mL.

Verify that the absorption maximum of the solution lies
between 325 nm and 327 nm and measure the absorbances
at 300 urn, 326 urn, 350 nm and 370 nm. Repeat the
readings at each wavelength and take the mean values.
Calculate the ratio A,jA326 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:

244.2

Action and use
Antiviral (hepatitis C, respiratory syncytial virus).

Preparation
Ribavirin Powder for Nebuliser Solution

36791-04-5
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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 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 waterR and dilute to
10.0 mL with the same solvent.

Specific optical rotation (2.2. 7)
-33to-37(driedsub~anc~.

Dissolve 0.250 g in waterR and dilute to 25.0 mL withthe
same solvent. 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 chromatography R and dilute to
100.0 mL with the same solvent.

Reference solution (a) 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 R and allow to stand for 90 min.
Neutralise with 5.0 mL of a 103 gIL solution of hydrochloric
acid R and mix well.

Reference solution (b) 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 (c) Dissolve 50.0 mg of ribavirin CRS in
waterfor chromatography R and dilute to 100.0 mL with the
same solvent.

Column:
- size: l =0.15 m, 0 =4.6 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (3 pm) suitable for use with highly
aqueous mobile phases;

- temperature: 25 "C.
Mobilephase:
- mobile phaseA: dissolve 1.0 g of anhydrous sodium sulfate R

in 950 mL of waterforr chromatography R, add 2.0 mL of a
5 per cent VIV solution ofphosphoric acid R, adjust to
pH 2.8 with a 5 per cent VIV solution of phosphoric acidR
and dilute to 1000 mL with waterfor chromatography R;

- mobile phase B: aceromin1e R1, mobile phase A (5:95 V/V);

2020

- impurityA: 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: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.3 per cent);

--c-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 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 solution and reference solution (c).

Calculate the percentage content of CgH12N40S from the
declared content of ribauirin CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Other detectable impurities (the following substances would, if
present at a sufficient level, be J«ected by one or otherof the tests
in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impurities and/orby thegeneral
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identifythese impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B~ C, D~ F~ G.

H02C);N
H0l----0~ )I
~N

OH OH

Time
(min)

0-15

15 - 25

25 - 35

Mobile phase A
(per cent V/fI)

100

100 ...... 0

o

Mobile phase B
(per cent VIJI)

a
a -> 100

100

A. 1-~-D-ribofuranosyl-1H-1,2,4-triazole-3-carboxylic acid,

Flow rate 1.0 mIJrnin.
Detection Spectrophotometer at 220 nm.

Injection 5 ul, of the test solution and reference
solutions (a) and (b).

Relative retention With reference to ribavirin (retention
time = about 6 min): impurity A = about 0.8.

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

impurity A and ribavirin.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 2.3;

"B. 1-et-D-ribofuranosyl-lH-l,2,4-triazole-3-carboxamide
(anomer),

C. 1H-1 ,2,4-triazole-3-carboxylic acid,
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PhEur _

_____________---,... PhEur

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Thin-layer chromatography (2.2.27).

Test solution Suspend 25 mg of the substance to be
examined in 10 mL of water R, shake for 5 min and filter the
suspension to remove the undissolved material.

Reference solution .Suspend 25 mg of riboflavin CRS in
10 mL of waterR, shake for 5 min and filter the suspension
to remove the undissolved material.

Plate TLC silica gelplate R (2-10 !lID).

Mobilephase waterR.

Application As follows, drying in a current of cold air after
each individual application:

- I" application: 2 J.1L of methylene chloride R then 2 IlL
of the test solution;

- 2nd application: 2 ilL of methylene chloride R then 2 ilL
of the reference solution.

Development Over a path of 6 em.

Drying In a current of cold air.

Detection Examine in ultraviolet light at 365 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 1 mg in 100 mL of waterR. The solution
has, by transmitted light, a pale greenish-yellow colour, and,
by reflected light, 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 rng 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 solution prepared for the assay
with an equal volume of waterR.

Absorption maxima At 223 nm, 267 nm, 373 nm and
444 nm.

Absorbance ratios:
- A373/Az67 =0.31 to 0.33;
- A44JAz67 =0.36 to 0.39.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use and protect from light.

SolutionA 13.6 gIL solution of sodium acetate R.

Test solution With the aid of ultrasound, dissolve 0.120 g of
the substance to be examined in 10 mL of 0.1 M sodium
hydroxide 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 riboflavin for peak identification CRS
(containing impurities C and D) in 1.0 mL of a mixture of
1 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
lrnl, of 0.5 M sodium hydroxide. Expose to daylight for

83-88-5376.4

(ph. Bur. monograph 0292)

Action and use
Vitamin Bz.

F. 1-(5-0-acetyl-B-D-ribofuranosyl)-IH-l,2,4-triazole-3
carboxamide (5'-O-acetylribavirin),

rt ~o .
HO~O~/ \'-H N~

OH OH

D. IH-l ,2,4-triazole-3-carboxamide,

°
H2N~N

H3CyO" °N'N)0Q
OH OH

Riboflavin

DEFINITION
7,8-Dimethyl-l 0- [(2S,3S,4R)-2,3,4,5
tetrahydroxypentyl]benzofg]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
Yellow or orange-yellow, crystalline powder.

Solubility
Very slightly soluble in water, practically insoluble in ethanol
(96 per cent).

Solutions deteriorate on exposure to light, especially in the
presence of alkali.

It shows polymorphism (5.9).

G. 1-B-D-ribofuranosyl-1H-1,2,4-triazole-5-carboxamide (N
isomer).
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1.5 h. Add 0.5 mL of acetic acid R and dilute to 100 mL
with waterR.

Column:
- size: l =0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 lJID).

Mobilephase:
- mobile phaseA: phosphoric acid R, waterR (1:1000 V/V);
- mobile phaseB: acetonitrile R;

Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 267 nm.

Injection 10!1L.
Identification of impurities Use the chromatogram supplied
with riboflavin for peak 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;
impurity D= about 0.5; impurity A = about 1.4;
impurity B =about 1.9.

System suitabzlity:
- 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 riboflavin 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;

- impurityA: not more than 0.25 times the area of the
principal peak in the chromatogram obtained with
reference solution (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 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 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limitfor peaksother than those due to impurityA:
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 residue obtained
in the test for loss on drying.

~
Hq,.. H OH

HO····

.... OH
H

H3CXNX;NyO
I Q NH

H3C N

°
C. 6,7-dimethyl-8-[(2S,3S,4R)-2,3,4,5

tetrahydroxypentyl]pteridine-2,4 (3H,8H)-dione,

B. 7,8-dimethylbenzo fg]pteridine-2,4(lH,3H)-dione,

A. 7,8,1O-trimethylbenzofg]pteridine-2,4(3H,10H)-dione
(lumifiavine),

ASSAY
Carry out the assayprotected from light.

In a brown-glass 500 rnL volumetric flask, suspend 65.0 mg
in 5 mL of water R ensuring that it is completely wetted and
dissolve in 5 mL of dilute sodium hydroxide solution R. As soon
as dissolution is complete, add 100 rnL of waterRand
2.5 mL of glacialacetic acidR and dilute to 500.0 mL with
waterR. Place 20.0 rnL of this solution in a 200 rnL brown
glass volumetric flask, add 3.5 rnL of a 14 gIL solution of
sodiumacetate R and dilute to 200.0 mL with water R.
Measure the absorbance (2.2.25) at the absorption maximum
at 444 nm.
Calculate the content of C17HzoN406 taking the specific
absorbance to be 328.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D.

D. 8-(hydroxymethyl)-7-rnethyl-I 0-[ (2S,3S,4R)-2,3,4,5
tetrahydroxypentyl]benzofg]pteridine-2,4(3H,10H)-dione.

_____________________ PhEur

10

10 -> 20

20

20 -> 50

50

Mobile phase B
(per cent VIV)

90

90 -> 80

80

80 -> 50

50

Mobile phase A
(per cent VIV)

Time
(min)

0-5

5 - 20

20 - 25

25 - 35

35 - 45
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PhEur _

(Ph. Bur. monograph 0786)

Riboflavin Sodium Phosphate TESTS
pH (2.2.3)
5.0 to 6.5.

Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Specific optical rotation (2.2.7)
+ 38.0 to + 43.0 (dried substance).

Dissolve 0.300 gin 18.2 mL of hydrochloric acid Rl and
dilute to 25.0 mL with waterR.

Impurity E
To about 35 mg add 10 mL of methylene chloride R, shake for
5 min and filter. The filtrate is not more intensely coloured
than reference solution BY6 (2.2.2, Method II).

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from actinic light.

Testsolution Dissolve 0.100 g of the substance 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 1 mL of hydrochloric acid R and dilute to
250.0 mL with waterR.Dilute 4.0 mL of this solution to
100.0 rnL with the mobile phase.

Reference solution (b) Dissolve 0.100 g of riboflavin sodium
phosphate CRS in 50 rnL of waterR and dilute to 100.0 rnL
with the mobile phase. Dilute 8.0 mL of this solution to
50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase methanolR, 7.35 gIL solution of potassium
dihydrogen phosphate R (150:850 VIV).

Flow rate 2 ml./min.

Detection Spectrophotometer at 266 nm.

Injection 100 ilL.
Run time Until the peak due to riboflavin can be clearly
evaluated.

Relative 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; riboflavin
4'-monophosphate = about 0.9; impurity D = about 2.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

riboflavin 4'-monophosphate and riboflavin
5'-monophosphate.

Calculate the percentage content of free riboflavin
(impurity D) and of riboflavin in the form 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 riboflavin in reference
solution (a).

Limits:
- impurityD: maximum 6.0 per cent (dried substance);
- sum of impurities A, Band C: maximum 6.0 per cent

(dried substance).

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034). do not apply.

130-40-5478.3

HO H

X;\ 0 .... pNa
00-- P-OH

II
.. OH 0
H

H3C~NX;Nyo

AJ........ 4 NH
H3C N

o

Action and use
Vitamin B2.

Preparation
Vitamins B and C Injection

DEFINITION
Mixture containingriboftavin 5 '-(sodium hydrogen
phosphate) as the main component and other riboflavin
sodium monophosphates.

Content
73.0 per cent to 79.0 per cent of riboflavin (C17HzoN406;
M r 376.4) {dried substance).

It contains a variable quantity of water.

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).

Test solution Dissolve 50.0 mg in phosphate buffer solution
pH 7.0 R and dilute to 100.0 m.L with the same buffer
solution. Dilute 2.0 mL of this solution to 100.0 rnL with
phosphate buffersolution pH 7.0 R.
Spectralrange 230-350 nm..
Absorption maximum At 266 run.

Specific absorbance at the absorption maximum 580 to 640.

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 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 rnL with the same solution. Expose 1 rnL
of this solution to ultraviolet light at 254 urn for 5 min, add
sufficient acetic acid R to make the solution acidic to blue
litmuspaperR and shake with.2 mL of methylene chloride R.
The lower layer shows yellow fluorescence.

D. To 0.5 g add 10 mL ofnitn"c acid R and evaporate the
. mixture to dryness on a water-bath. Ignite the residue until it

becomes white, dissolve the residue in 5 mL of waterRand
filter. The filtrate gives reaction (a) of sodium and
reaction (b) of phosphates (2.3.1).
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Inorganic phosphate
Maximum 1.5 per cent.

Dissolve 0.10· g in waterR and dilute to 100 mL with the
same solvent. To S mL of this solution, add 10 mL of
waterR, 5 mL of buffered copper sulfate solution pH 4.0 R,
2 mL of a 30 gIL solution of ammonium molybdate R, 1 mL
of a freshly prepared solution containing 20 gIL of
4-methylaminophenol sulfate R and SOgIL of sodium
metabisulfite R, and 1 mL of a 3 per cent V/V solution of
perchloric acidR. Dilute to 2S.0 mL with water Rand
measure, within IS min of its preparation, the absorbance
(2.2.25) of the solution at 800 nm, using as the
compensation liquid a solution prepared 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 standard solution (5 ppm P04J R, add
S mL of buffered copper sulfate solution pH 4.0 R, 2 mL of a
30 gIL solution of ammonium molybdate R, 1 mL of a freshly
prepared solution containing 20 gIL of 4-methylaminophenol
sulfate R and SO gIL of sodium metabisulfite R, and 1 mL of a
3 per cent V/V solution of perchloric acidR; dilute to 2S.0 mL
with waterR.

Loss on drying (2.2.32)
Maximum 8.0 per cent, determined on 1.000g by drying in
an oven at lOS °C at a pressure not exceeding 0.7 kPa for
S h.

ASSAY
Carry out the assay protected from light.
Dissolve 0.100 g in ISO mL of waterR, add 2 mL of glacial
acetic acid R and dilute to 1000.0 mL with water R.
To 10.0 mL of this solution add 3.5 mL of a 14 gIL solution
of sodium acetate R and dilute to SO.O mL with waterR.
Measure the absorbance (2.2.25) at the absorption 'maximum
at 444 nm.

Calculate the' content of C17HzoN406 taking the specific
absorbance to be 328.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, B.

2020

C. riboflavin 4',S'-diphosphate,

D. riboflavin,

E. 7,8,1 O-trimethylbenzo [g]pteridine-2,4(3H, 10H)-dione
(lumiflavin) .

____________________ PhEur

Rifabutin
(Ph. Bur. monograph 1657)

A. nboflavin 3',4'-diphosphate, 847 72559-06-9

B. riboflavin 3',S'-diphosphate,

Action and use
Rifamycin antimycobaeterial drug.

PhEur _

DEFINITION
(9S,12E,14S,ISR,16S,17R,18R,19R,20S,21S,22E,24Z)
6,18,20-Trihydroxy-14-methoxy-7,9,IS, 17,19,21,2S
heptamethyl-l '-(2-m~thylpropyl)-S,10,26-trioxo-3,S,9,10
tetrahydrospiro [9,4-(epoxypentadeca[1,11,13] trienimino)-2H
furo[2' ,3' :7,8]naphtho[1,2-d]imidazole-2,4'-piperidine]-16-yl
acetate.
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Semi-synthetic product derived 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)'.

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 R and
methylene chloride R and dilute to 10 mL with the same
mixture of solvents.

Reference solution Dissolve 10 mg of rifabutin
impurityA CRS in a mixture of equal volumes of methanolR
and methylene chloride R and dilute to 10 mL with the same
mixture of solvents. Dilute 3 mL of the solution to 100 mL
with a mixture of equal volumes of methanol R and methylene
chloride R.
Plate TLC silica gelF254 plate R.

Mobz1e phase acetone R, lightpetroleum R (23:77 VIV).
Application 10 J-lL.
Development Over 2/3 of the plate.

Drying In air.

Detection Expose the plate to iodine vapour for about
5 min, then spray with potassium iodide and starch solution R
and allow to stand for 5 min.

Limit:
- impurityA: any spot corresponding to impurity A is not

more intense than the spot in the chromatogram obtained
with the reference solution (0.3 per cent).

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 50.0 mL with
the mobile phase.

Reference solution (a) Dissolve 50.0 mg of rifabutin CRS in
the mobile phase and dilute to 50.0 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) Dissolve about 10 mg of rifabutin CRS
in 2 mL of methanol R, add 1 mL of dilute sodium hydroxide
solution R and allow to stand for about 4 min. Add 1 mL of

. dilute hydrochloric acidR and dilute to 50 mL with the mobile
phase.

Rifabutin 11-809

Column:
- size: 1= 0.110 m, 0 = 4.6 rom,
- stationary phase: octylsilyl silica gelfor chromatography R

(5 J.lIIl).

Mobilephase Mix equal volumes of acetonitrile R and a
13.6 gIL solution of potassium dihydrogen phosphate R adjusted
to pH 6.5 with dilute sodium hydroxide solution R.

Flow rate 1 mIJrnin.
Detection Spectrophotometer at 254 nm.

Injection 20 J,LL.
Run time 2.5 times the retention time of rifabutin.

Relativeretention With reference to rifabutin (retention
time =about 9 min): impurity E =about 6.5;
impurity B =about 0.6; impurity D =about 0.9;
impurity C = about 1.3.

System suitability Reference solution (c):
- resolution: minimum 2.0 between the second peak of the

3 peaks due to degradation products and the peak due to
rifabutin.

Limits:
- any impurity: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(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 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).

Water (2.5.11)
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,

B. 3-aminorifamycin S,
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C. 21,3'1-clidehydrorifabutin,

Rifampicin
(Ph. Bur. monograph 0052)

13292-46-1823

Action and use
Rifamycin antituberculosis drug.

Preparations
Rifampicin Capsules

Rifampicin Oral Suspension

PhEur _

····OCH3

H3C

h
H

3C (N.~ N"+ yH3

HN ~

D. 3-amino-4-imidorifamycin S,

E. 16-deacetylrifabutin.

DEFINITION
(2S, 12Z, 14B, 16S, 17S,18R, 19R,20R,21S,22R,23S,24E)
5,6,9,17,19-Pentahydroxy-23-methoxy-2,4,12,16,18,20,22
heptamethyl-8-[[(4-methylpiperazin-1-yl)imino]methyl]-l, 11
dioxo-1,2-dihydro-2,7-(epoxypentadeca[1,11,13]trienimino)
naphto[2,1-b]furan-21-yl acetate.

Semi-synthetic antibiotic obtained from rifamycin SV.

Content
97.0 per cent to 102.0 per cent (dried substance).

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 methanol R. Dilute
-------------------- PhEur 1 mL of this solution to 50 mL with phosphate buffer solution

pH 7.4R.

Spectral range 220-500 nm.

Absorption maxima At 237 TIm, 254 TIm, 334 nm and
475 nm.

Absorbance ratio A33JA475 = about 1.75.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Mulls in liquid paraffin R.
Comparison rifampicin CRS.

C. Suspend about 25 mg in 25 mL of waterR, shake for
5 min and filter. To 5 mL of the filtrate add 1 mL of a
100 gIL solution of ammonium persulfate R in phosphate 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 g/L suspension in carbon dioxide-free
waterR. .
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_____________________ PhEur

14897-39-3

H

-'OCHs
o

: 0-(
H CHs

'OH
: H
CHs

~--O

~

~--O

.,
o

~---O

~

720

Action and use
Rifamycin antituberculosis drug.

(Ph. Bur. monograph 0432)

STORAGE
Under nitrogen in an airtight container, protected from light,
at a temperature not exceeding 25°C.

IMPURITIES
Specified impurities A.

Other detectable 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 acceptance
criterion for other/unspecified 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.

A. rifampicin quinone,

o

B. rifampicin N-oxide.

Rifamycin Sodium

Related substances
Liquid chromatography (2.2.29). Prepare the testsolution and
the reference solution immediately before use.

Solvent mixture To 10 volumes of a 210.1 gIL solution of
citric acid monohydrate R add 23 volumes of a 136.1 gIL
solution of potassium dihydrogen phosphate R, 77 volumes of a
174.2 gIL solution of dipotassium hydrogen phosphate R,
250 volumes of acetonitrile R and 640 volumes of waterR.

Test solution Dissolve 20.0 mg of the substance to be
examined in acetonitrile R and dilute to 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 the 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 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn),

Mobilephase -:Mix 35 volumes of acetonitrile Rand
65 volumes of a solution containing 0.1 per cent V/Vof
phosphoric add R, 1;9 gIL of sodium perchlorate R, 5.9 gIL of
citric acidmonohydrate R and 20.9 gIL of potassium dihydrogen
phosphate R.

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 254 nm.
Injection 20~.

Run time Twice the retention time of rifampicin.

System suitabtlity 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 other impurity: 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 other than 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 methanol R and dilute to 100.0 mL with
the same solvent. Dilute 2.0 mL of this solution to 100.0 mL
with phosphate buffersolution pH 7.4 R. Measure the
absorbance (2.2.25) at the absorption maximum at 475 nm,
using phosphate buffersolurion pH 7.4 R as the compensation
liquid.

Calculate the content of C43HssN401Z, taking the specific
absorbance to be 187.
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Reference solution (a) Dissolve 10.0 mg of rifamycin B CRS
(impurity A) and 40.0 mg of rifamycin S CRS (impurity B) in
the solvent mixture and dilute to 200.0 II1L with the solvent
mixture. Dilute 5.0 n1L of this solution to 50.0 II1L with the
solvent mixture,

Reference solution (b) Dissolve 25 mg of the substance to be
examinedand 8 mg of rifamycin S CRS in the solvent
mixture and dilute to 250.0 II1L with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.U11).

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 R;

- mobile phase B: mix 30 volumes of a 3.9 gIL solution of
sodium dihydrogen phosphate R adjusted to pH 7.5 with
dilute sodium hydroxide solution R and 70 volumes of
acetonitrile R;

-temperature: minimum 20°C;

Flow rate 1 mf/min.
Detection Spectrophotometer at 254 nm.

Injection 20 ilL.
Elution order Impurity A, rifamycin SV, impurity B.
System suitability 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);

- impurity A: not nlore than the area of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.5 per cent);

- sum of 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 endotoxins (2.6.14)
Less than 0.50 Il.I/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).

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-proof container.

IMPURITIES
Specified impurities A, B.

PhEur _

DEFINITION
Sodium
(2S~12Z, 14E, 16S,17S, 18R, 19R,20R,21S,22R,23S,24E)-21
(acetyloxy)-6,9,17,19-tetrahydroxy-23-nlerlloxy-
2~4~12,16,18,20,22-heptaIIlerllyl-1,11-dioxo-1,2-dihydro-2,7
(epoxypentadeca[1,11,13]trienazano)naphrllo[2,1-b]furan-5
olate.

Monosodium salt of rifamycin SV~ obtained by chemical
transformation of rifamycin B, which is produced during the
growth of certain strains ofAmycolatopsis mediterranei.
Rifamycin SV may also be obtained directly from certain
A. mediterranei mutants,

Potency
Minimum 900 IU/nlg (anhydrous substance).

PRODUCTION
It is produced by methods of manufacture designed to

minimise or eliminate substances lowering blood pressure.

CHARACTERS
Appearance
Fine or slightly granular, red powder.

Solubility
Soluble in water, freely soluble in anhydrous. ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs ofpotassium bromide R.
Comparison rifamycin sodium CRS.
B. Suspend 70 mg of the substance to be examined in
0.5 1I1L of waterR. Add 1.5 InL of methoxyphenylacetic
reagent R to obtain a clear red solution. 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 R1. The precipitate dissolves completely,
Add 1 ml, of ammonium carbonate solution R. No precipitate
is formed,

TESTS
pH (2.2.3)
6.5 to 8.0.

Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
10 1I1L with the. same solvent.

Absorbance (2.2.25)
Dissolve 20.0 mg in 5 II1L of methanol R and dilute to
100.0 mL with freshly prepared phosphate buffer solution
pH 7.0 R1 to which 1 gIL of ascorbic acidR has been added
immediately before use. Dilute 5.0 mL of this solution to
50.0 ml, with the Sanle phosphate buffer solution containing
ascorbic acid. Allow to stand for 30 min. The solution shows
an absorption maximum at 445 nm. The specific absorbance
at this absorption maximum is 190 to 210 (anhydrous
substance) .

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
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
add R.

Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 II1L with
the solvent mixture.

Time
(min)

0-40

40 - 45

45 - 47

Mobile phase A
(per cent VIJI)

80 -+ 20

20

20 -+ 80

Mobile phase B
(per cent VIJI)

20 -> 80

80

80 -+ 20
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2020 Rifaximin II-813

RifaximinOther detectable impurities (the following substances would, if
presentat 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 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
in substances for pharmaceutical use) C.

'-..----0

.,

(Ph. Eur. monograph 2362)

786

Action and use
Antibacterial; treatment of infective diarrhoea.

80621-81-4

A. [(2S,12Z,14E,1&S,17S,18R,19R,20R,21S,22R,23S,24E)
21-(acetyloxy)-S,p-"17, 19-tetrahydroxy-23-methoxy
2,4,12,16,18,20,22-heptamethyl-1,11-dioxo-1,2-dihydro
2,7-(epoxypentadecajl, 11, 13]trienazano)naphtho[2,1-b]
furan-9-yl] acetic acid (rifamycin B),

B. [(2S,12Z,14E,16S,17S,18R, 19R,20R,21S,22R,23S,24E)
5, 17,19-trihydroxy-23-methoxy-2,4,12,16,18,20,22
heptamethyl-1,6,9,11-tetraoxo-1,2-dihydro-2,7
(epoxypentadeca[1,11,13] trienazano)naphtho[2,1-b]furan
21-yl acetate (rifamycin S),

and epimer at C'

C. [(2RS,2'S,12'Z,14'E,16'S,17'S,18'R,19'R,20'R,21'S,
22'R,23'S,24' E)-S', 17',19'-trihydroxy-23'-methoxy-
2',4',12',16',18',20',22'-heptamethyl-1 ' ,4,6',11'
tetraoxo-1 ',2'-dihydrospiro [1,3-dioxolane-2,9' (6' H)-[2,7]
(epoxypentadeca[1,11,13]trienazano)naphtho[2,1-b]
furan]-21 '-yl acetate (rifamycin 0).

____________________ PhEur

PhEur _

DEFINITION
(2S, 16Z,18E,20S,21S,22R,23R,24R,2SS,26R,27S,28E)
S,6,21,23-Tetrahydroxy-27-methoxy-2,4,11,16,20,22,24,26
octamethyl-1,15-dioxo-1,2-dihydro-2,7-(epoxypentadeca
[1,11,13]trienoimino) [1]benzofuro[4,S-e]pyrido [1,2-a]
benzimidazol-2S-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.

Solubility
Practically insoluble in water, soluble in acetone and in
methanol.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24),

Comparison nfaximin 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
record new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, waterR (40:60 VIV)o

Test solution (a) Dissolve 0.100 g of the substance to be
examined in 8 mL of acetonitrile R and dilute to 20 mL with
waterR.

Test solution (b) Dissolve 40.0 mg of the substance to be
examined in 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.

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 solvent mixture.

Reference solution (b) Dissolve 5 mg of rifaximinfor system
suitability CRS (containing impurity H) in 4 mL of the
solvent mixture.
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Reference solution (c) Dissolve 40.0 mg of rifaximin CRS in
the solvent mixture and dilute to 100.0 rriL with the solvent
mixture. Dilute 5.0 mL of the solution to 50.0 mL with the
solvent mixture.

Column:
- size: 1= 0.25 ill, 0 =4.6 nun;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 !J.ID);
- temperature: 40°C.

Mobilephase Mix 37 volumes of a 3.16 gIL solution of
ammoniumformate R adjusted to pH 7.2 with dilute
ammonia R1 and 63 volumes of a mixture of equal volumes
of acetonitrile R and methanolR.
Flow rate 1.4 mUmin.

Detection Spectrophotometer at 276 nm.

Injection 20 ul, of test solution (a) and reference
solutions (a) and (b).

Run time 3 times the retention time of rifaximin.

Relative 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 peaks due to

impurities D + H and rifaximin.

Limits:
- sum of impurities D and H: not more than 2.5 times the

area of the principal peak in the chromatogram obtained
with reference solution (a) (0.5 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: 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).

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 1.0 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 C43HsIN3011 using the
chromatogram obtained with reference solution (c) and the
declared content of rifaximin CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities D> H.

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 acceptance
criterion for other/unspecified impurities 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) A> B, C, E> F> G.

A. 4-methylpyridin-2-amine,

B. rifamycin B,

C. rifamycin SV,

D. rifaximin Y,

E. rifamycin S,

2020
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2020 Rilmenidine Dihydrogen Phosphate 11-815

____________________ PhEur

a ~ 100

100 ~ a
a

Mobile phase B
(per cent VIJI)

100 ~ a
a ~ 100

100

Mobile phase A
(per cent VIJl)

Time
(min)

0-14

14 - 15

15 - 30

PhEur _

Flow rate 1 mUmin.
Detection Spectrophotometer at 205 nm.

Injection 20 J.LL.
Relativeretention With reference to rilmenidine (retention
time = about 13 min): impurity A = about 0.6;
impurity B = about 0.9; impurity C = about 1.4.

DEFINITION
N-(Dicyclopropylmethyl)-4,5-dihydro-oxazol-2-amine
dihydrogen phosphate.

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

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, slightly soluble in alcohol, practically
insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of rz1menidine
dihydrogen phosphate.

E. Dissolve 10 mg in water R and dilute to 1 mL with the
same solvent. The solution gives reaction (b) of phosphates
(2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 60.0 mg of the substance to be
examined in waterR 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 waterR and dilute 10.0 mL of this solution
to 50.0 mL with the same solvent.

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 20.0 mL with waterR.

Reference solution (c) Dissolve 15.0 mg of rz1menidine for
system suitability CRS in water R and dilute to 5.0 mlcwith
the same solvent.

Column:
- size: 1= 0.15 m, (2) =3 mm,
'- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (5 um) with a pore size of 10 nm and a
carbon loading of 25 per cent,

- temperature: 40 "C.
Mobilephase:
- mobile phase A: dissolve 3 g of sodium heptanesulfonate R in

waterR and dilute to 860 mL with the same solvent; add
130 mL of methanol R2, 10 mL of tetrahydrofuran for
chromatography Rand 1.0 mL of phosphoric acidR,

- mobile phase B: dissolve 3 g of sodium heptanesulfonate R in
waterR and dilute to 600 mL with the same solvent; add
350 mL of acetonitrz1e for chromatography R, 50 mL of
tetrahydrofuran for chromatography Rand 1.0 mL of
phosphoric acidR,

85409-38-7

and epimer at Co.

278.2

Action and use
Antihypertensive.

Rilmenidine Dihydrogen
Phosphate
(Ph. Eur. monograph 2020)

H. (2S, 16Z,18E,20S,21S,22R,23R,24R,25S,26R,27S,28E)
5,6,21,23-tetrahydroxy-16-(hydroxymethyl)-27-methoxy
2,4,11 ,20,22,24,26-heptamethyl-l,15-dioxo-l,2
dihydroz,7-(epoxypentadeca[1,11,13]trienoimino) [1]
benzofuro [4,5-e]pyrido[1,2-a]benzimidazol-25-yl acetate
(l6-desmethyl-16-(hydroxymethyl)rifaximin) .

G. (2S,7Z, 16Z,18E,20S,21S,22R,23R,24R,25S,26R,27S,
28E)-5,21,23-trihydroxy-27-methoxy
2,4,11,16,20,22,24,26-octamethyl-1,6,15-trioxo-l,2,6,7
tetrahydro-2,7-(epoxypentadeca[1,11,13]trienonitrilo) [1]
benzofuro[4,5-e]pyrido[1,2-a]benzimidazol-25-yl acetate
(6-0,14-didehydrorifaximin),

F. rifamycin 0,

www.webofpharma.com



II-816 Risedronate Sodium 2.5-Hydrate 2020

PhEur _

(Ph. Eur. monograph 2572)

329003-65-8

N 0 pH

~
~ ~p-OH

HO OH
# I

P-ONa
II
o

DEFINITION
Sodium hydrogen [1-hydroxy-l-phosphono-2-(pyridin-3-yl)
ethyljphosphonatehemipentahydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water, practically insoluble in methanol.
It dissolves in dilute solutions of alkali hydroxides and
mineral acids.

Action and use
Bisphosphonate; treatment of osteoporosis, Paget's disease..

Preparation
Risedronate Sodium Tablets

Risedronate Sodium 2.5-Hydrate

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison risedronate sodium 2.5-hydrate CRS.

B. It gives reaction (a) of sodium (2.3.1). Dissolution of the
substance to be examined is 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 5.0.

Dissolve 0.10 g in carbon dioxide-free waterR with the aid of
an ultrasonic bath and dilute to 10 mL with the same
solvent.

Related substances
A. Liquid chromatography (2.2.29).

Buffer solution Dissolve 0.410 g of sodium edetate R, 1.7 g of
dipotassium hydrogen phosphate Rand 1.7 g of
tetrabutylammonium dihydrogen phosphate R in 900 mL of
waterR, adjust to pH 7.5 with 1 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 5-10 min and dilute to 20.0 mL with the mobile phase.

Reference solution (a) To 2.0 mL of the test solution add
5 mg of risedronate impurityE CRS and dilute 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 (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.

A. 1-(dicyc1opropylmethyl)-3-(2-hydroxyethyl)urea,

)
HN~
A OH

N 0
H

B. 1-(2-chloroethyl)-3-(dicyclopropylmethyl)urea,

)
HN~
A CI

N 0
H

C. N,3-bis(dicyclopropylmethyl)oxazolidin-2-imine.

With these conditions the inflexion of the baseline,
corresponding to the beginning of the gradient, appears on
the recorder after a minimum time t of 5 min. If this is not
the case (t < 5 min) modify the chromatographic sequence
by adding an isocratic elution with 100 per cent of mobile
phase A for a time corresponding to (5-t) min before the
linear gradient.

System suitabzlity Reference solution (c):
- peak-to-valley ratio: minimum 3, where Hp = height above

the baseline of the peak due to impurity B and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
rilmenidine.

Limits:
- any impurity: not more than 0.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent),

- total: not more than the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.2 per cent),

- disregard limit: 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 in vacuo at 50°C over diphosphorus pentoxide R for
2 h.

ASSAY
Dissolve 0.200 gin 50 mL of anhydrous acetic 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 27.82 mg of
ClOH19NzOsP.

IMPURITIES
Specified impurities A., B., C.

____________________ PhEur
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Column:
- size: 1= 0.15 m, 0 = 4.6 nun;
- stationary phase: oaadecylsiIyl silica gelfor

chromatography R (3 um);
- temperature: 40°C.

Mobile phase acetonitrile R., buffer solution (10:90 VIV)o

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 263 om.

Injection 20~.

Run time Twice the retention time of risedronate.

Relative retention With reference to risedronate (retention
time = about 17 min): impurity E =about 0.95.

System suitability Reference solution (a):
- resolution: minimum. 3.0 between the peaks due to

impurity E and risedronate.

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 wan 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); 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 ultrasonic bath 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.

Mobile phase acetonitrile R, buffer solution (25:75 VIV)o

Injection 10 ilL 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 identify the peak due to impurity A.

Relativeretention With reference to risedronate (retention
time = about 4 min): impurity A =about 2.2.

System suitability Reference solution (d):
- resolution: minimum. 10.0 between the peaks due to

risedronate and impurity A.

Limits:
- impurityA: 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 impurities: 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 (c) (0.2 per cent);

Risedronate Sodium 2.5-Hydrate 11-817

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtained with reference J.

solution (c) (0.05 per cent); disregard any peak due to
solution A and any peak eluting before the peak due
to risedronate.

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 waterR.
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 15.26 mg of
C7HIONNa07PZ.

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 arelimited by thegeneral 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 for pharmaceutical use) B, C, D, E.

its enantiomer and epimer at C"

A. [(3RS,6RS and 3R,6S·meso)-2,5-dihydroxy-2,5-dioxo-3,6
bis [(Pyridin- 3-yl)methyl] -1,4,21..5,51.. 5-dioxadiphosphinane- '
3,6-diyl]bis(Phosphonic acid),

o OH

(StN ';;'p/-OH
I HO OH

~ P/-OH
II
o

B. [1-hydroxy-2-(pyridin-2-yl)ethylidene]bis (phosphonic
acid),

o OH

~
.;;,p/_ OH

IHO OH
~ p/-OH

II
o

C. [1-hydroxy-2-(pyridin-4-yl) ethylidene]bis(phosphonic
acid),

N

~C02H

D. 2-(pyridin-3-yl)acetic acid,

E. [2-(Pyridin-3-yl)ethylidene]bis(Phosphonic acid) ..
_____________________ PhEur
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Column:
- size: 1= 0.10 m, 0 = 4.6 mID;
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (3 urn),

Mobile phase:
- mobile phaseA:5 gIL solution of ammonium acetate R;
- mobile phaseB: methanolR;

Rispe~idone

(Ph. Bur. monograph 1559)

C(yCH,
~NUyy-~=- Fo . AI"N-O

Time
(min)

Mobile phase A
(per cent V/lI)

Mobile phase B
(per cent V/lI)

410.5 106266-06-2

0-2

2 - 17

17 - 22

70

70 -+ 30

30

30

30 -+ 70

70

Action and use
Dopamine, Dz receptor antagonist; serotonin 5HTz receptor
antagonist; neuroleptic.

Preparations
Risperidone Oral Solution

Risperidone Tablets

Risperidone Dispersible Tablets

PhEur _

DEFINITION
3--[2-[4-(6-Fluoro-l ,2-benzisoxazol-3-yl)piperidin-l-yl]ethyl]
2-methyl-6,7,8, 9-tetrahydro-4H-pyrido[1,2-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.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.224).

Comparison risperidone CRS.

If the spectra obtained show differences, dissolve the
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 colourless (2.2.2,
Method II).

Dissolve 0.1 g in a 7.5 WL solution of tartaric acidRand
dilute to 100 mL with the same acid solution.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in methanolR and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of risperidone for system
suitability 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 methanolR. Dilute 5.0 mL of this solution to
25.0 mL with methanolR.

Reference solution' (c) Dissolve the contents of a vial of
risperidone impurityJ( CRS in 1.0 mL of methanol R.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 260 urn.

Injection 10 ilL.

Identification 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 impurity 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 = about 0.94;
impurity E =about 1.1.

System suitability Reference solution (a):
- the chromatogram obtained is similar to the

chromatogram supplied with risperidone for system
suitability CRS;

- peak-to-valley ratio: minimum 1.5, where Hp =height
above the baseline ofthe 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
risperidone.

Limits:
- impurities A, B, C, D, B: for each impurity, not more than

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

- impurityK: not more than 0.75 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecifiedimpuritiesi.ix»: each impurity, not more than
0.5 timesthe area of the principai 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)
Maximum 0.5 per cent, determined 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 in a platinum
crucible.

ASSAY
Dissolve 0.160 gin 70 mL of a mixture of 1 volume of
anhydrous acetic acidRand 7 volumes of methyl ethylketone R
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and titrate with 0.1 M perchloric acid. Determine the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to Z0.53 mg
of CZ3H27FN40Z'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B~ C~ D, E, K
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for otherlunspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary toidentijy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) F, H, 1,J, L, M.

A. 3-[Z-[4-[(E)-(Z,4-difiuorophenyl)(hydroxyimino)methyl]
piperidin-1-yl]ethyU-Z-methyl-6,7,8,9-tetrahydro-41l
pyrido [1,Z-a]pyrimidin-4-one,

cr~(l. (I(-;::y F

a ~
N .... OHF

B. 3-[Z-[4-[(Z)-(2,4-difiuorophenyl) (hydroxyimino)methyl]
piperidin-1-yl]ethyl]-2-methyl-6,7,8,9-tetrahydro-41l
pyrido [1,2-a]pyrimidin-4-one,

C5NyC~

~Of;rFa . _ ~ Ii
1\

and enantiomer N- a

C. (9RS)- 3-[2-[4-(6-fluoro-1,Z-benzisoxazol-3-yl)piperidin-1
yl]ethyl]-9-hydroxy-2-methyl-6,7,8,9-tetrahydro-41l-pyrido
[1,2-a]pyrimidin-4-one,

cr~. F

a Oy¢
N-O

D.3-[Z-[4-(5-fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]
ethyl]-Z-methyl-6,7,8,9-tetrahydro-41l-pyrido [l,Z-a]
pyrimidin-4-one,

Risperidone 11-81 9

g~N ~ F

HCH,O ~
and enantiomer N - a

E. (6RS)-3-[Z- [4-(6-fluoro-1 ,Z-benzisoxazol-3-yl)piperidin-1
yl]ethyl]-2,6-dimethyl-6,7,8,9-tetrahydro-41l-pyrido [l,Z-a]
pyrimidin-4-one,

a:;C
N CHs .'

?,. I 0

N AOyy-a N. =- F
o . ~ Ii .

\
N-O

F. Z-[Z-methyl-4-oxo-6,7,8, 9-tetrahydro-41l-pyrido [1,2-a]
pyrimidin-3-yl]ethyl 4-(6-fluoro-1,2-benzisoxazol-3-yl)
piperidin-1-carboxylate,

cr~71 (YF
a ~

a F

H.3-[Z-[4-(2,4-difluorobenzoyl)piperidin-1-yl]ethyl]-Z
methyl-6,7,8,9-tetrahydro-41l-pyrido [1,Z-a]pyrimidin-4
one,

1. 3- [Z-[4- [4-fluoro-2-[4-(6-fluoro-1 ,2-benzisoxazol-3-yl)
piperidin-1-yl]benzoyl]piperidin-1-yl]ethylj-Z-methyl
6,7,8,9-tetrahydro-4H-pyrido [1,2-a]pyrimidin-4-one,

cr~71 (l(F
a ~

N .....
OH

N

F

J. 3- [Z-[4- [(Z)- [4-fluoro-2- [4-(6-fluoro-1 ,Z-benzisoxazol-3
yl)piperidin-1-yl]phenyl] (hydroxyimino)methyl]piperidin
1-yl]ethyl]-Z-methyl-6,7,8,9-tetrahydro-4H-pyrido [1,2-a]
pyrimidin-4-one,
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PhEur _

____________________ PhEur

Solubility
Practically insoluble in water, freely soluble in methanol and
in methylene chloride, very slightly soluble in acetonitrile.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison ritonavir CRS.

If the spectra obtained in 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 using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mix equal volumes of acetonitrile R and a
4.1 gIL solution ofpotassium dihydrogen phosphate R.

Test solution (a) Dissolve 10.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture. Sonicate if necessary.

Test solution (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 the solvent mixture.

Reference solution (a) Dissolve 5.0 mg of ritonaoir for peak
identification CRS (containing impurities E, F, L, 0 and T)
in the solvent mixture and dilute to 5.0 mL with the solvent
mixture. Sonicate if necessary.

Reference solution (b) Dilute 1.0 mL oftest solution (a) 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 10.0 mg of ritonavir CRS in
the solvent mixture and dilute to 10.0 mL with the solvent
mixture. Sonicate if necessary. Dilute 5.0 mL of this solution
to 10.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 20.0 mL with the solvent mixture.

Column:
- size: l = 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped butylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 60 "C.

Mobile phase:
- mobile phaseA: mix 5 volumes of butanol R, 8 volumes of

tetrahydrofuran R, 18 volumes of acetonitrile Rand
69 volumes of a 4.1 gIL solution of potassium dihydrogen
phosphate R filtered through a 0.45 urn nylon membrane;

- mobile phase B: mix 5 volumes of butanol R, 8 volumes of
tetrahydrofuran R, 40 volumes of a 4.1 gIL solution of
potassium dihydrogen phosphate R filtered through a
0.45 urn nylon membrane and 47 volumes of
acetonitrile R;

155213-67-5721

Action and use
Protease inhibitor; antiviral (HIV).

Preparations
Ritonavir Oral Solution

Ritonavir Tablets

(ph. Bur. monograph 2136)

K. 3- [2-[4-(1,2-benzisoxazol-3-yl)piperidin-1-yl] ethyl]-2
methyl-6,7,8,9-tetrahydro-4H-pyrido [1,2-a]pyrimidin-4
one (desfiuoro risperidone),

a"yCH.,3.
~CI
o

M. 6-fiuoro- 3-(piperidin-4-yl)-1,2-benzisoxazole.

HNOyv=-J F
\~
N- O

L. 3-(2-chloroethyl)-2-methyl-6,7,8,9-tetrahydro-4Hpyrido
[1,2-a]pyrimidin-4-one (piperidopyrimidinone
intermediate) ,

Ritonavir

DEFINITION
Thiazol-5-ylmethyl [(1S,2S,4S)-I-benzyl-2-hydroxy-4-[[(2S)
3-methyl-2-[[methyl [[2-(I-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 Mobile phase B
(min) (per cent VIP) (per cent VIJI)

0-60 100 0

60 - 120 100 ...... 0 0 ...... 100

120 - 120.1 a ...... 100 100 ...... 0

120.1 - 155 100 0

Flot» rate 1.0 mUmin.

Detection Spectrophotometer at 240 nm.

Injection 50 ul, of test solution (a) and reference
solutions (a) and (b).
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Identification of impurities Use the chromatogram supplied
with ritonavir for peak identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities E, F, L, 0 and T.

Relativeretention With reference 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.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 1.2, 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
impurityF,

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;

- impurities E, 0: 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);

- impurity T: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- impurities F, L: for each impurity, not more than 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 the principal peak in the chromatogram obtained
with reference soartion (b) (0.10 per cent);

- total: not znore 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).

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 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 (b) and reference solution (c).

Calculate the percentage content of C37H4SN60SSZ from the
declared content of ritonavir CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities E, F, L, 0, T.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities 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) A, B, C, D, G, H, I, J,
K, M, N, P, Q, R, S, U.

Ritonavir 11-821

A. (2S)-3-methyl-2-[[methyl [[2-(I-methylethyl)thiazol-4-yl]
methyl] carbamoyl] amino]butanoic 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 [(IS,2S,4S)-4-(acetylamino)-I-benzyl
2-hydroxy-5-phenylpentyl] carbamate,

D. thiazol-5-ylmethyl [(IS,2S,4S)-I-benzyl-2-hydroxy-5
phenyl-4- [[(thiazol-5-ylmethoxy)carbonyl] amino]
pentyl] carbamate,

4E. thiazol-5-ylmethyl [(1S,2S,4S)-I-benzyl-2-hydroxy-4
[[(2S)-2-[[[[2-( I-hydroxy-I-methylethyl)thiazol-4-yl]
methyl]methylcarbamoyl] amino] -3-
methylbutanoyl] amino]-:-5-phenylpentyl]carbamate,

www.webofpharma.com
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F. thiazol-5-ylmethyl [(lS,2S,4S)-1-benzyl-4-[[(2S)-I-benzyl
2-hydroxy-4-[(4S)-4-(1-methylethyl)-2,5
dioxoimidazolidin-l-yl]-5-phenylpentyl]carbamate,

G. thiazol-5-ylmethyl [(lS,2S,4S)-1-benzyl-4-[[(2S)-2-[[[[2
(I-hydroperoxy-l-methylethyl)thiazol-4-yl]methyl]
methylcarbamoyl] amino] -3-methylburanoyl]amino] -2
hydroxy-5-phenylpentyl] carbamate,

H. thiazol-5-ylmethyl (4S,5S)-4-benzyl-5-[(2S)-2-[(4S)-4-(I
methylethyl)-2,5-dioxoimidazolidin-l-yl]-3-phenylpropyl]
2-oxooxazolidine-3-carboxylate,

1. thiazol-5-ylmethyl [«(lS,2S,4S)-1-benzyl-4-[[(2S)-2-[[[[2
ethylthiazol-4-yl]methyl]methylcarbamoyl]amino] -3
methylbutanoyl] amino]-2-hydroxy-5-phenylpentyl]
carbamate,

2020

J. thiazol-5-ylmethyl [(lS,2S,4S)-1-benzyl-4-[[(1,1
dimethylethoxy) carbonyl] amino]-2-hydroxy-5
phenylpentyl] carbamate,

K. thiazol-5-ylmethyl (IS,2S,4S)-1-benzyl-2-hydroX"j-4-[[(2
methylpropoxy)carbonyl] amino] -5-phenylpentyl]
carbamate,

L. (4S,5S)-4-benzyl-5-[(2S)-2-[[(2S)-3-methyl-2-[[methyl[[2
(l-methylethyl)thiazol-4-yl]methyl] carbamoyl]
amino]butanoyl]amino]-3-phenylpropyl]oxazolidin-2-one,

M.2-methylpropyl (2S)-3-methyl-2-[[methyl[[2-(1
methylethyl)thiazol-4-yl]methyl] carbamoyl] amino]
butanoate,

N. thiazol-5-ylmethyl. [(1S,3S,4S)-I-benzyl-3-hydroxy-4
[[(2S)-3-methyl-2-[[methyl[[2-(l-methylethyl)thiazol-4-yl]
methyl] carbamoyl] amino] butanoyl] amino] -5-phenylpentyl]
carbamate,
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O. thiazol-5-ylmethyl [(IS,2R,4S)-1-benzyl-2-hydroxy-4-
[[(2S)-3-methyl-2-[[methyl[[2-(1-methylethyl)thiazol-4-yl]
methyl]carbamoyl]amino]butanoyl]amino] -5-phenylpentyl]
carbamate,

P. bis(thiazol-5-ylmethyl) [carbonylbis[imino[(2S,3S,5S)-3
hydroxy-l,6-diphenylhexane-5,2-diyl]]] dicarbamate,

Q. thiazol-5-ylmethyl [(IS,2R,4R)-1-benzyl-2-hydroxy-4-
[[(2S)-3-methyl-2-[[methyl[[2-(l-methylethyl)thiazol-4-yl]
methyl]carbamoyl]amino[butanoyl] amino] -5-phenylpentyl]
carbamate,

s H,c)-CH, 9'
-{ HaC -

~N o~H., ~H3 H.. 0

IN)lN' N. .> N)lO s
I H ~lHi OH H 1:>~ o· L N,

R. thiazol-5-ylmethyl [(IS,2S,4R)-1-benzyl-2-hydroxy-4
[[(2S)-3-methyl-2-[[methyl[[2-(1-methylethyl)thiazol-4-yl]
methyl]carbamoyl] amino]butanoyl] amino] -5-phenylpentyl]
carbamate,

Ritonavir 11-823

S. thiazol-5-ylmethyl [(1S,2S,4S)-1-benzyl-4- [[(2S)-2-
[[[(l S,3S,4S)-1-benzyl-3-hydroxy-5-phenyl-4-[[(thiazol-5
ylmethoxy)carbonyl] amino] pentyl] carbamoyl] amino] -3
methylbutanoyl] amino] -2-hydroxy-5-
phenylpentyl] carbamate,

T. (2S)-N-[(lS,2S,4S)-1-benzyl-2-hydroxy-4-[[(2S)-3
methyl-2-[[methyl[[2-(1-methylethyl)thiazol-4-yl]methyl]
carbamoyl] amino] butanoyl] amino] -5-phenylpentyl]-3
methyl-2-[[methyl[[2-( I-methylethyl)thiazol-4-yl]methyl]
carbamoyl] amino]butanamide,

U. (lS,3S)-3-[[(2S)-3-methyl-2-[[methyl[[2-(l
methylethyl)thiazol-4-yl] methyl] carbamoyl] amino]
butanoyl] amino]-4-phenyl-l-[(lS)-2-phenyl-l-[[(thiazol-5
ylmethoxy) carbonyl] amino] ethyl]butyl (2S)-3-methyl-2
[[methyl[[2-(1-methylethyl)thiazol-4-yl]methyl]carbamoyl]
amino]butanoate.

__________________ PhEur
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PhEur _

Rivastigmine Reference solution (b) Dissolve 1 mg of rioastigmine 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: silica gelAGP for chiral chromatography R

(5 urn).

Mobilephase Mix 205 IlL of N,N-dimethylocrylamine Rand
20.0 mL of acetonitrile R1 and dilute to 1000 mL with
solution A.

Flow rate 0.5 mUmin.

Detection Spectrophotometer at 200 nm.

Injection 20 ilL.
Run time Twice the retention time of rivastigmine.

Relative retention With reference to rivastigmine (retention
time =about 9 min): impurity D =about 0.8.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 2.5, 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
curve separating this peak from the peak due to
rivastigmine.

Calculation of percentage content:
- use the concentration of impurity D in reference

solution (a).

Limit:
- impurityD: maximum 0.3 per cent.

Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light.

Test solution Dissolve 62.5 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 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 contents of a vial of
rivastigmine 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 rioastigmine
hydrogen tartrate CRS in the mobile phase and dilute to
50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 mrn;
- stationary phase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40°C.

Mobile phase Mix 42 volumes of an 8.9 g/L solution of
disodium hydrogen phosphate dihydrate R previously adjusted to
pH 7.0 with phosphoric acidR and 58 volumes of
methanol R1.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 214 nm.

Injection 20 ul, of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of rivastigmine.

Identification of impurities Use the chromatogram supplied
with rivastigmine for system suitabiHty CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band C. :

123441-03-2250.3

Action and use
Cholinesterase inhibitor; treatment of dementia in
Alzheimer's disease and Parkinson's disease.'

(Ph. Eur. monograph 2629)

DEFINITION
3- [(1S)-l-(Dimethylamino)ethyl]phenyl ethyl
(methyl)carbamate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Viscous, clear, colourless or yellow or very slightly brown,
hygroscopic liquid.

Solubility
Sparingly soluble in water, very soluble in anhydrous ethanol
and in heptane.

IDENTIFICATION
Carry out either tests A, B or tests B, C.

A. Specific optical rotation (2.2.7): -44.0 to -38.0
(anhydrous substance). Prepare the solution immediately before
use.

Dissolve 0.300 g in ethyl acetate R and dilute to 50.0 mL
with the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Film.

Comparison rivastigmine hydrogen tartrate CRS, treated as
follows: dissolve 0.100 g in 30 mL of buffer solution pH 11 R,
then add 30 mL of l,l-dimethylethyl methyletherR 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 obtain a residue. Record
the reference spectrum using this residue.

C. Enantiomeric purity (see Tests).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).

Solution A Solution containing 1.78 gIL of disodium
hydrogen phosphate dihydrate Rand 1.38 gIL of sodium
dihydrogen phosphate monohydrate R. Adjust to pH 6.0 with
phosphoric acid R.

Test solution Dissolve 25.0 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 the solution to 20.0 mL
with the mobile phase.

Reference solution (a) Dissolve 2.0 mg of rivastigmine
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.
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129101-54-8400.4

PhEur _

DEFINITION
3-[(IS)-1-(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.

Solubility
Very soluble in water, soluble in methanol, very slightly
soluble in ethyl acetate.

It shows polymorphism (5.9).

IDEl'ITIFICATION
Carry out either tests A, B or tests B, C.

A. Specific optical rotation (2.2.7): + 4.2 to + 5.1.

Dissolve 0.600 g in methanolR and dilute to 20.0 mL with
the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison rivastigmine hydrogen tartrate CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanolR, evaporate to dryness and
record new spectra using the residues.

C. Enantiomeric purity (see Tests).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).

C. 3-acetylphenyl ethyl(methyl)carbamate,

Action and use
Cholinesterase inhibitor; treatment of dementia in
Alzheimer's disease and Parkinson's disease.

(ph. Eur. monograph 2630)

D. 3-[(IR)-1-(dimethylamino)ethyl]phenyl ethyl
(methyl)carbamate (R)-enantiomer).

Rivastigmine Hydrogen Tartrate

______________~ PhEur

A. 3-[(IS)-I-(dimethylamino)ethyl]phenol (dimetol),

STORAGE
Under an inert gas, in an airtight container, protected from
light, at a temperature of 2 "C to 8 "C.

IMPURITIES
Specified impurities A, B, D.

Otherdetectable impurities (the following 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 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 for pharmaceutical use) C.

B. 3- [(l S)-I-(dimethylamino)ethyl]phenyl
dimethylcarbamate,

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:
- impurityA: maximum 0.3 per cent;
- impurityB: 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 (2.5.12)
Maximum 0.5 per cent, determined on 1.000 g.

Change the solventafter standardisation of the titrant and
after every-~rd samP!.~.

Sulfated ash (2.4.~4)
Maximum 0.1 percent, 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 factor: maximum 2.5 for the peak due to

rivastigmine.

Calculate the percentage content of C14HzzNzOz taking into
account the assigned content of rivastigmine hydrogen
tartrate CRS and a conversion factor of 0.625.
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Solution A Solution containing 1.78 g/L of disodium
hydrogen phosphate dihydrateRand 1.38 gIL of sodium
dihydrogen phosphate monohydrate R, adjusted to pH 6.0 with
phosphoric acid R.

Testsolution Dissolve 10.0 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 2.0 mg of rivastigmine
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 rivastigmine hydrogen
tartrate CRS in reference solution (a) arid dilute to 10.0 mL
with the same solution.

Column:
- size: 1= 0.10 m, (2) =4.0 rom;
- stationary phase: «l-acid-glycoprotein silica gelfor chiral

separation R (5 urn).

Mobile phase Mix 205 J,!L of N,N-dimethyloctylamine Rand
20.0 mL of acetonitrile Rl and dilute to 1000 mL with
solution A.
Flow rate O.5mIJrnin.

Detection Spectrophotometer at 200 nm.

Injection 20 ilL.
Run time Twice the retention time of rivastigmine.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity D.

Relative retention With reference to rivastigmine (retention
time = about 9 min): impurity D =about 0.8.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 2.5, 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
curve separating this peak from the peak due to
rivastigmine.

Calculation of percentage content:
- for impurity D, use the concentration of impurity D in

reference solution (a).

Limit:
- impurity D: maximum 0.3 per cent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

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 the contents of a vial of
rivastigmine for system suz"tability CRS (containing impurities
A, B and C) in 1.0 mL of the mobile phase.

Reference solution (c) Dissolve 50.0 mg of rivastigmine
hydrogen tartrate CRS in the mobile phase and dilute to
50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.0 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 lJ.IIl);
- temperature: 40°C,

2020

Mobile phase Mix 42 volumes of an 8.9 gIL solution of
disodium hydrogen phosphate dihydrate R previously adjusted to
pH 7.0 with phosphoric acidR and 58 volumes of
methanol Rl.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 214 nm.

Injection 20 J,!L of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of rivastigmine.

Identification of impurities Use the chromatogram supplied
with rivastigmine for system suitabzlity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band C.

Relative retention 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 the peaks due to

impurities C and B.

Calculation ofpercentage contents:
- for each impurity, use the concentration of rivastigminein

reference solution (a).

Limits:
- impurity A: 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

tartaric acid.

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 and reference solution (c).

System suitability Reference solution (c):
- symmetry factor. maximum 2.5 for the peak due to

rivastigmine.

Calculate the percentage content of ClsHzsNzOs taking into
account the assigned content of rivastigmine hydrogen
tartrate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, D,

Otherdetectable impurities (thefollowing 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 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 for pharmaceutical use) B, C) E) F, G) H.

A. 3-[(1S)-1-(dimethylamino)ethyl]phenol,
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Preparations
Rizatriptan Orodispersible Tablets

Rizatriptan Tablets

____________________ PhEur

C. 3-acetylphenyl N-ethyl-N-methylcarbamate,

PhEur _

DEFINITION
N,N-Dimethyl-2-[5-(IH-l,2,4-triazol-1-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. Infrared absorption spectrophotometry (2.2.24).

Comparison rizatriptan benzoate CRS.

If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in methanolR, evaporate to dryness and record
new spectra using the residues.

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 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 autosampler vials and freshly
prepared solutions.

Test solution Dissolve 50.0 mg of the substance to be
examined in mobile phase A and dilute to 50.0 mL with
mobile phase A.

Reference solution (a) Dissolve 50.0 mg of rizatriptan
benzoate CRS in mobile phase A and dilute to 50.0 mL with
mobile phase A.
Reference solution (b) Dissolve 5 mg of rizairiptan for system
suitability CRS (containing impurity C) in mobile phase A
and dilute to 5.0 mL with mobile phase A.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A~ Dilute 1.0 mL of this
solution to 20.0 mL with mobile phase A.

Column:
- size: 1=0.25 m, (2) =4.6 rnm;
- stationary phase: phenylsilyl silica gelfor chromatography R

(5 JlII1);
- temperature: 40 "C,

Mobile phase:
- mobile phaseA: mix 160 mL of acetonitrile R and 840 mL

of waterR, add 1.0 mL of trifluoroacetic acidR and mix;
- mobile phaseB: to 1000 mL of acetonitrile R add 1.0 mL of

trifiuoroacetic acid R and mix;
()

COZH

, I
~

N'I rr~)
~N~N~~~

/N-CH3

H3C

(Ph. Bur. monograph 2585)

Rizatriptan Benzoate

~
.

I CH
H

3CO
# * 3

OH

H. 1-(3-methoxyphenyl)ethan-1-one.

.c,I CH
H

3CO
# 3

o

G. 1-(3-methoxyphenyl)ethan-l-ol,

F. (lS)-1-(3-methoxyphenyl)-N,N-dimethylethanamine,

E. 3-[(lS)-1-(methylamino)ethyl]phenyl N-ethyl-N
methylcarbamate,

D. 3-[(1R)-1-(dimethylamino)ethyl]phenyl N-ethyl-N
methylcarbamate,

B. 3-[(1 S)-1-( dimethylamino) ethyl]phenyl N,N
dimethylcarbamate,

391.5 145202-66-0

Action and use
Serotonin 5HT1 receptor agonist; treatment of migrane.
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Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-8 100 0

8 - 17 100 -+ 70 0-+30

17 - 20 70 30

20 - 20.1 70 -+ 100 30 -+ 0

20.1-23 100 0

FlO'lV rate 1.5 mlJmin.

Detection Spectrophotometer at 280 nm.

Injection 20 ul, of the test solution and reference
solutions (b) and (c).

lderuification.ofimpurities Use the chromatogram supplied
with rizatriptanfor system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity C.

Relative retention With reference to rizatriptan (retention
time =about 5 min): impurity C =about 1.3; benzoic
acid = about 2.1.

System suitabz7ity Reference solution (b):
- resolution: minimum 2.0 between the peaks due 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 peak due to rizatriptan in
the chromatogram obtained with reference solution (c)
(0.05 percent); disregard any peak due 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 suitability Reference solution (a):
- symmetryfactor. maximum 3.5 for the peak due to

rizatriptan.

Calculate the percentage content of CzzHzsNsOz from the
declared content of rizatn'ptan benzoate CRS.

IMPURITIES
Other detectable impurities (the following substances would, z]
present at a sufficientlevel, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby 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
in substances for pharmaceutical use) A, B, C, D, E, F, G,
H,I.

2020

A. 2-[2-[[3-[2-(dimethylamino)ethyll-1H-indol-5-yl]methyl]
5-(1H-1,2,4-triazol-l-ylmethyl)-IH-indol-3-yl]-N,N
dimethylethanamine,

B.N,N-dimethyl-2-[5-(IH-I,2,4-triazol-l-ylmethyl)-IH
indol-3-yl]-N-[2-[5-( IH-I,2,4-triazol-l-ylmethyl)-IH
indol-3-yl]ethyl]ethanaminium,

C. N,N-dimethyl-2-[5-(IH-I,2,4-triazol-l-ylmethyl)-IH
indol-2-yl]ethanamine,

D. N,N,N-triethyl-2-[5-(IH-I,2,4-triazol-1-ylmethyl)-IH
indol-3-yl]ethanarninium,

o
O~$_CH

N'I rr~ a

~'N~0~
N-CH3

H3C

E. N,N-dimethyl-2- [1-(methylsulfonyl)-5-(1H-I ,2,4-triazol-l
ylmethyl)-IH-indol-3-yl]ethanamine,

N\ lr~
'wN',/ ..~

OH

F. 2-[5-( IH-I ,2,4-triazol-l-ylmethyl)-IH-indol-3-yl]ethanol,

N'I lr~
'N'N',/0~

CI

G. 3-(2-chloroethyl)-5-(IH-I,2,4-triazol-l-ylmethyl)-IH
indole,
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PhEur _

Specific optical rotation (2.2.7)
+ 28.5 to + 32.0 (anhydrous substance).

Dissolve 0.250 g in a 5.15 gIL solution of hydrochloric acidR
and dilute to 25.0 mL with the same solution.

pH (2.2.3)
8.9 to 9.5 for solution S.

Related substances
Liquid chromatography (2.2.29).

Solventmixture waterR, acetonitrile R1 (10:90 VIV).

Test solution Dissolve 0.100 g 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 mobile phase.

Reference solution (b) Dissolve 5 mg of rocuroniumfor peak
identification CRS (containing impurities A, B, C, F, G
and H) in the solvent mixture and dilute to 5.0 mL with the
solvent mixture.

Column:
- size: 1=0.25 m, 12) =4.6 mm;
- stationary phase: silica gelfor chromatography R (5 um);
- temperature: 30 "C.

. Mobile phase Mix 10 volumes of a 4.53 gIL solution of
tetramethylammonium hydroxide R adjusted to pH 7.4 with
phosphoric acidRand 90 volumes of acetonitrile Rl.
Flow rate 2.0 mUmin.
Detection Spectrophotometer at 210 run.

Injection 5~.

Run time 2.5 times the retention time of rocuronium.

Identification of impurities Use the chromatogram supplied
with rocuronium forpeak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, F, G and H.

Relative retention With reference to rocuronium (retention
time = about 9 min): impurity A = about 0.2;
impurity G = about 0.4; impurity F = about 0.75;
impurity B =about 0.80; impurity H =about 0.95;
impurity C =about 1.2.

System suitabiluy Reference solution (b):
- peak-to-valley ratio: minimum 3.0, where Hp = height

above the baseline of the peak due to impurity Hand
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due 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;

- impurities A, B, 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);

- impurities F, OJ H: 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 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.0 per cent);

119302-91-9610

N~ rr~
\N_N~0~

HN-CH3

DEFINITION
1-[17~-Acetoxy-3C'1-hydroxy-2~-(morpholin-4-yl)-5C'1

androstan-16~-yl]-1-(prop-2-enyl)pyrrolidinium bromide.

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

CHARACTERS
Appearance
Almost white or pale yellow, slightly hygroscopic powder.

Solubility
Freely soluble in water, very soluble in methylene chloride,
freely soluble in anhydrous ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison rocuronium bromide CRS.
B. Solution S (see Tests) gives reaction (a) of bromides
(2.3.1).

TESTS
Solution S
Dissolve 0.10 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent.

Appearance of sillution
Solution S is clear (2.2.1) and not more intensely coloured
than reference sclutionBYg (2.2.2, MethodII).

H. N,N-dimethyl-2-[5-(IH-I,2,4-triazol-1-yhnethyl)-lH
indol-3-yl]ethanamine N-oxide,

(Ph. Bur. monograph 1764)

Rocuronium 'Bromide

____________________ PhEur

Action and use
N on-depolarizing neuromuscular blocker.

1. N-methyl-2-[5-(lH-1,2,4-triazol-1-yhnethyl)-lH-indol-3
yl]ethanamine.

www.webofpharma.com



IT-830 Rocuronium Bromide

- 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 eluting before
impurity A.

Chlorides
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in 'Water R and dilute to 20.0 mL with the same
solvent.

Reference solution (a) Dissolve 0.644 g of sodium bromide R
and 0.824 g of sodium chloride R in 'Water R 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 solution (b) Dissolve 0.824 g of sodium chloride R
in water R and dilute to 1000.0 mL with the same solvent.
Dilute 5.0 mL of the solution to 50.0 mL with 'Water R.
Dilute 2.0 mL of this solution to 50.0 mL with 'Water R.
Blank solution 'Water R.

Precolumn:
- size: I =0.05 m, 0 =4.0 mrn;
- stationary phase: anion-exchange resin R (13 urn).

Column:
- size: I = 0.25 m, 0 = 4.0 mrn;
- stationaryphase: anion-exchange resin R (13 urn).

Mobilephase A solution containing 0.063 gIL of sodium
hydrogen carbonate R and 0.212 gIL of anhydrous sodium
carbonate R.
Flow rate 2.0 mUmin.
Detection Conductivity detector set at 100 ~SN and
maintained at 30°C.

Use a self-regenerating anion suppressor.

Injection 25~.

Retention times Chloride =about 1.7 min;
bromide = about 2.8 min.

System suitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

chloride and bromide.

Limit:
- chlorides: not more than 0.5 times the area of the principal

peak L.'1 the chromatogram obtained with reference
solution (b) (0.1 per cent).

2-Propanol (2.4.24~ System A)
Maximum 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 acid R. Titrate
with 0.1 iH perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 lvl perchloric acid is equivalent to 60.97 mg
of C32Hs3BrNz04'

STOR.'\GE
In an airtight container, protected from light, at a
temperature below -15°C.

II\JIPURITIES
Specifiedimpurities A~ B~ C~ F~ G~ H.

Other detectable impurities (the follo'Wing substances toould, if
present at a sufficientlevel, be detected by one or otherof the tests
in the monograph. They arelimited by thegeneral acceptance

2020

criterion for other/unspecified impurities and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Controlof impurities
in substances for pharmaceutical use) D~ E.

A. 3ct-hydroxy-2~-(morpholin-4-yl)-16~-CPyrrolidin-1-yl)-5ct

androstan-l Zjl-yl acetate,

B. 1- [3ct, 17~-diacetoxy-2~-(morpholin-4-yl)-5ct-androstan
16~-yl]-1-cprop-2-enyl)pyrrolidinium,

C. 1-[3ct, 17~-dihydroxy-2~-(morpholin-4-yl)-5ct-androstan
16~-yl] -l-CProp-2-enyl)pyrrolidinium,

D. 1-[3ct-acetoxy-17~-hydroxy-2~-(morpholin-4-yl)-5ct

androstan-16 ~-yl]-1-(prop-2-enyl)pyrrolidinium,

E. 1-[17~-acetoxy-3ct-hydroxy-2~-cpyrrolidin-l-yl)-5ct

androstan-16 ~-yl]-1-(prop-2-enyl)pyrrolidinium,

www.webofpharma.com



2020 Ropinirole Hydrochloride 11-831

____________________ PhEur

Time Mobile phase A Mobile phase B
(min) (per cent VIl') (per cent VIl')

0- 15 92 8

15 - 30 92 --+ 80 8 --+ 20

30 - 50 80 --+ 60 20 --+ 40

50 -75 60 40

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ropinirole hydrochloride CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve, using sonication, 50.0 mg of the
substance to be examined in 4 mL of mobile phase B and
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 (a) Dissolve, using sonication, 7.5 trig of
ropinirole impurityA CRS and 5.0 mg of the substance to be
examined in 16 mL of 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 (c) Dissolve, using sonication, 50.0 mg of
ropinirole hydrochloride CRS in 4 mL of mobile phase B and
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
identification 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
identification 2 CRS (containing impurities G and H) in
mobile phase A and dilute to 5.0 mL with mobile phase A.

Reference solution (j) Dissolve 5.0 mg of ropinirole for peak
identification 3 CRS (containing impurity E) in mobile
phase A and dilute to 5.0 mL with mobile phase A.

Column:
- size: 1= 0.25 m, (2) =4.6 nun;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 JlIl1);
- temperature: 40 "C.

Mobilephase:
- mobile phaseA: dissolve 3.85 g of ammoniumacetate R in

950 mL of waterfor chromatography R, adjust to pH 2.5
with dilutephosphoric acidR and dilute to 1000 mL with
waterfor chromatography R;

- mobile phaseB: methanol R, acetonitrile Rl (30:70 VIV);

91374-20-8

, Hel

296.8

(ph. Bur. monograph 2604)

Action and use
Dopamine receptor agonist.

H. 1-[17B-acetoxy-2-(morpholin-4-yl)-3-oxo-5cr-androst-1-en
16B-yl]-I-(prop-2-enyl)pyrrolidinium.

Ropinirole Hydrochloride

G. 2B-(morpholin-4-yl)-16B-(Pyrrolidin-1-yl)-5cr-androstane
3cr,17~-diol,

F.- 1-[3cr,17~-acetoxy-2B-(Pyrrolidin-1-yl)-5cr-androstan-16B
yl]-1-(prop-2-enyl)pyrrolidinium,

PhEur _

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.

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 250 nm.

Injection 10 ul, of test solution (a) and reference
solutions (a), (b), (d), (e) and (f),

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A; use the chromatogram supplied with ropinirole for
peak identification 1 CRS and the chromatogram obtained
with reference solution (d) to identify the peak due to
impurity D; use the chromatogram supplied with ropinirole for
peak identification 2 CRS and the chromatogram obtained
with reference solution (e) to identify the peaks due to
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11-832 Ropinirole Hydrochloride

impurities G and H; use the chromatogram supplied with
ropinirole for peak identification 3 CRS and the chromatogram
obtained with reference solution (f) to identify the peak due
to impurity E.

Relative retention With reference to ropinirole (retention
time = about 30 min): impurity D = about 0.5;
impurity A = about 0.9; impurity E = about 1.1;
impurity H =about 1.2; impurity G =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 to
ropinirole in the chromatogram obtained with reference
solution (b).

Calculation of percentage contents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
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 concentration of
ropinirole hydrochloride in reference solution (b).

Limits:
- impurities A, D, E, G, H: 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 (2.5.12)
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 test for
related substances with the following modifications.

Mobile phase Mobile phase B, mobile phase A (19:81 VIV)o
Injection Test solution (b) and reference solution (c).

Calculate the percentage content of Cl~25C1N20 taking
into account the assigned content of ropinirole
hydrochloride CRS.

IMPURITIES
Specified impurities A, D, E, G, H.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities and/or 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 for pharmaceutical use) B, C, F.

te
N 0

~ 0

I # ~CH3
N

~CH3

A. 4-[2-(dipropylamino)ethyl]-1H-indole-2,3-dione,

2020

i~O

~~~CH'
CH3

B. 4-[2-[(2-methylpentyl) amino]ethyl]-1,3-dihydro-2H-indol
2-one,

C. (3Z)-4-[2-(dipropylamino)ethyl]-3-propylidene-l,3
dihydro-2H-indol-2-one,

D. 4-[2-(propylamino)ethyl]-l ,3-dihydro-2H-indol-2-one,

E.4-[2-(dipropylamino)ethyl]-3-methylidene-l,3-dihydro
2H-indol-2-one,

c3LN

0

I~
# OH

F. 4-(2-hydroxyethyl)-1,3-dihydro-2H-indol-2-one,

G. 4-[2-(dipropylamino)ethyl]-lH-indole,

H. (3Z)-4-[2-(dipropylamino )ethyl]-3-(hydroxyimino)-1,3
dihydro-2H-indol-2-one.
____________________ PhEur
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2020 Ropivacaine Hydrochloride Monohydrate 11-833

PhEur _

DEFINITION
(-)-(2S)-N-(2,6-Dimethylpheny1)-1-propylpiperidine-2
carboxamide hydrochloride monohydrate.

Content
99.0 per: cent to 191.0 percent (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
Carry out either tests A, C, D or tests A, B, C.

A. Infrared absorption spectrophotometry (2.2.24).

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 hydroxide 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 solution A and dilute to
50.0 mL with solution A.

C. It gives reaction (a) of chlorides (2.3.1).

D. Enantiomeric purity (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 length of 5 em and using waterR as the
compensation liquid.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 55 mg of the substance to be
examined in the mobile phase and dilute to 20mL 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 the substance to be
examined and 5 mg of bupivacaine hydrochloride CRS
(impurity A) in the mobile phase and dilute to 5 mL with the
mobile phase. Dilute 1 mL of this solution to 100 mL with
the mobile phase.

Column:
- size: l = 0.15 m, 0 = 3.9 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (4 urn) .

. 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 water R; mix equal volumes of this solution
(pH 8.0) and acetonitrile R.
Flow rate 1.0 mIJmin.

Injection 20 J1.L.
Detection Spectrophotometer at 240 nm.

Run time 2.5 times the retention time of ropivacaine.

Relativeretention With reference to ropivacaine (retention
time = about 6 min): impurity A =about 1.6.

System suitability Reference solution (b):
- resolution: minimum 6.0 between the peaks due to

ropivacaine and impurity A.

Limits:
- impurityA: 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 5 times the area of me 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).

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 the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution Dissolve 13.0 mg of 2J 6-dimethylaniline
hydrochloride R 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.

Retention time Impurity H =about 2-3 min.

Limit:
- impurityH: not more than the area of the principal peak

in the chromatogram obtained with the reference solution
(10 ppm).

Enantiomeric 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 (a) Dilute 1.0 mL of the test solution to
200.0 mL with waterR.
'Reference solution 0(b) Dissolve 1.5 mg of the substance to be
examined and 1.5 mg of ropivacaine impurity G CRS in
waterR and dilute to 100 mL with the same solvent.

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

132112-35-7328.9

Action and use
Local anaesthetic.

Ropivacaine Hydrochloride
Monohydrate
(Ph. Bur. monograph 2335)
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11-834 Ropivacaine Hydrochloride Monohydrate

Capillary:
- material: fused silica;
- size: effective length = about 72 em, total length = 80 em,

0= 50 urn.

Temperature 30 DC.

CZE buffer Prepare a 13.3 g/L solution of dimethyl-f3
cyclodextrin R in an 11.5 gIL solution of phosphoric 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 urn) immediately
before use. .

Detection Spectrophotometer at 206 nm.

Preconditioning of the capillary Rinse the capillary at 100 kPa
with water R for 1 min, with 0.1 M sodium hydroxide for
10 min and with waterR for 3 min. If the capillary is new or
dry, increase the sodium hydroxide rinse to 30 min.

Between-run rinsing Rinse the capillary at 100 kPa with
waterR for 1 min, with 0.1 M sodium hydroxide for 4 min,
with waterR for 1 min and with the CZE buffer for 4 min.

Injection Under pressure (5 kPa) for 5 s.

Migration Apply a field strength of 375 V/cm with an initial
ramp of 500 Vis and a positive polarity corresponding to a
current of 40-45 J.LA.
Run time 30 min.

System suitability:
- resolution: minimum 3.7 between the peaks due to

impurity G (I" peak) and (S)-ropivacaine in the
electropherogram obtained with reference solution (b);
if necessary, increase the dimethyl-f-cyclodextrin
concentration in the CZE buffer or vary the pH between
2.9 and 3.1 or lower the temperature;

- signal-to-noise ratio: minimum 10 for the principal peak in
the eleetropherogram obtained with 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 waterRand
40 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 M sodium hydroxide. Read the volume added
between the 2 points of inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 31.09 mg
of C17H27ClN20 .

IMPURITIES
Specified impurities A, G, H.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for other/unspecified impurities 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) B, C, D, E, F.

2020

A. (S)-bupivaeaine,

B. (-)-(2S)-N-(2,6-dimethylphenyl)piperidine-2
carboxamide,

CHa ("I
)y~)'~~)
U 0 CHa

CHa

c. (-)-(2S)-N-(2,6-dimethylphenyl)-I-methylpiperidine-2
carboxamide ((S)-mepivacaine),

D. (-)-(2S)-N-(2,6-dimethylphenyl)-I-ethylpiperidine-2
carboxamide,

E. (-)-(2S)-N-(2,6-dimethylphenyl)-1 (1
methylethyl)piperidine-2-carboxamid~,

O~HV\

J:-~NJ
UHaC CH3

CHa

F. (8aS)-2-(2,6-dimethylphenyl)-3,3
dimethylhexahydroimidazo [1,5-a]pyridin-l (5H)-one
(acetone adduct),

G. (+)-(2R)-N-(2,6-dimethylphenyl)-1-propylpiperidine-2
carboxamide ((R)-ropivacaine),

____________________ PflEur
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2020 Rosuvastatin Calcium 11-835

Rosuvastatin Calcium
(ph. Bur. monograph 2631)

F

CO£

~.OH
H

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

Mobilephase:
- mobile phaseA: 1 per cent VIV solution of trifluoroacetic

acid R, acetonitrile for chromatography R, waterfor
chromatography R (1:29:70 VIVIV);

- mobile phaseB: 1 per cent VIV solution of trifluoroacetic
acid R, waterfor chromatography R, acetonitrile for
chromatography R (1:24:75 VIVIV);

Time Mobile phase A Mobile phase B
(min) (per cent Viii') (per cent VIJi')

0-30 100 0

30 - 50 100 -. 60 0->40

50 - 60 60 -. 0 40 -> 100 .

60 -70 0 100

PhEur _

Action and use
HMG Co-A reductase inhibitor; lipid-regulating drug.

DEFINITION
Calcium bisI(3R~§~,6E)-7-[4-(4-fluorophenyl)-6-(1
methylethyl)-2-[methyl(methylsulfonyl)amino]pyrimidin-5
yl]-3,5-dihydroxyhept-6-enoate] .

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or 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 rosuuastatin calcium CRS.

B. Enantiomeric purity (see Tests).

C. It gives reaction (b) of calcium (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light.

Solvent mixture acetonitrile for chromatography R, waterfor
chromatography R (25:75 VIV).

Test solution Dissolve 35.0 mg of the substance to be
examined in 12 mL of acetonurile for chromatography Rand
dilute to 50.0 mL with waterfor chromatography R.

Reference solution (a) Dissolve 35.0 mg of rosuvastatin
calcium CRS in 12 mL of acetonitrile for chromatography Rand
dilute to 50.0 mL with waterfor chromatography R.

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) Dilute 7 mg of rosuvastatin for system
suitability CRS (containing impurities A, B and C) in 2.5 mL
of acetonitrile for chromatography R and dilute to 10 mL with
waterfor chromatography R.

Column:
- size: 1=0.15 m, (2) =3.0 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (3 urn);
- temperature: 40 °C.

Flow rate 0.75 mIJrnin.
Detection Spectrophotometer at 242 nm.

Injection 10 IlL of the test solution and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with rosuuastatin for system suitabilit;y CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B and C

Relative retention With reference to rosuvastatin (retention
time = about 25 min): impurity A =about 0.9;
impurity B = about 1.1; impurity C =about 1.5.

System suitabllity Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

rosuvastatin and impurity B.
Calculation ofpercentage contents:
- correction factor: multiply the peak area of impurity C

by 1.4;
- for each impurity, use the concentration of rosuvastatin in

reference solution (b).

Limits:
- impurityC: maximum 0.8 per cent;
- impurityB: maximum 0.5 per cent;
- impurityA: maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.2 per cent;
- reporting threshold: 0.05 per cent.

Enantiomeric purity
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Solvent mixture acetonitrile for chromatography R, waterfor
chromatography R (25:75 VIV).

Test solution Dissolve 25.0 mg of the substance to be
examined in 6 mL of acetonitrile for chromatography Rand
dilute to 25.0 mL with waterfor chromatography R.

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
rosuvastatin impurity G CRS in 1.0 mL of the test solution.

Column:
- size: 1= 0.15 m, (2) = 4.6 mrn;
- stationary phase: cellulose derivativeof silica gelfor chiral

separation R (5 urn);
- temperature: 35 °C.
Mobilephase acetonitrile for chromatography R,
0.1 per cent VIV solution of trifiuoroacetic acid R (25:75 VIV).

Flow rate 0.5 mIJrnin.

147098-20-21001
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11-836 Rosuvastatin Calcium

Detection Spectrophotometer at 242 nm.

Injection 10 ilL.

Run time 2.6 times the retention time of rosuvastatin.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity G.

Relative retention With reference to rosuvastatin (retention
time =about 29 min): impurity G = about 0.9.

System suitability Reference solution (b):
- resolution: minimum 1.S between" the peaks due to

impurity G and rosuvastatin.

Calculation of percentage content:
- use the concentration of rosuvastatin in reference

solution (a).

Limit:
- impurity G: maximum 0.1 per cent.

Water (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 solution and reference solution (a).

Calculate the percentage content of C44H54CaFzN601ZSZ
taking into account the assigned content of rosuoastatin
calcium CRS.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8 -c
IMPURITIES
Specified impurities A, B, C, G.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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, F, J.

2020

F

and enantiomer

B. (3RS,5RS,6E)-7-[4-(4-fluorophenyl)-6-(1-methylethyl)-2
[methyl(methylsulfonyl)amino]pyrimidin-S-yl]-3,S
dihydroxyhept-6-enoic acid,

F

C. (3R,6E)-7-[4-(4-fluorophenyl)-6-(1-methylethyl)-2
[methyI(methyIsulfonyl)amino]pyrimidin-S-yl]-3-hydroxy
S-oxohept-6-enoic acid,

F

~
o

H..
'. . ····OH

H
CH3

CHa

D. N-[4-(4-fluorophenyl)-S-[(E)-2-[(2S,4R)-4-hydroxy-6
oxotetrahydro-2H-pyran-2-yl] ethenyl]-6-(1
methylethyl)pyrimidin-2-yl]-N
methylmethanesulfonamide,

F

A. (3R,SS,6E)-7-[4-(4-fluorophenyl)-2-[[(2-hydroxy-2
methylpropyl) sulfonyl] (methyl) amino] -6- (1
methylethyl)pyrimidin-S-yl]-3,S-dihydroxyhept-6-enoic
acid,

F

OH 0 0 N '?
I -~ II I

HaC~S, ~

HaC ~ N
CHa

CH3

CHa

E. (3R,SS,6E)-7- [4-(4-fluorophenyl)-2- [[[2-[4-(4
fluorophenyl)-6-(1-methylethyl)-2- [methyl
(methylsulfonyl)amino] pyrimidin-S-yl] -2-hydroxyethyl]
sulfonyl] (methyl)amino ]-6-(1-methylethyl)pyrimidin-S-yl]
3,S-dihydroxyhept-6-enoic acid,
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PhEur _

DEFINITION
(6S)-6-[propyl[2-(thiophen-2-yl)ethyl] amino]-5,6,7,8
tetrahydronaphthalen-l-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 rotigotine 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.

B. Enantiomeric purity (see Tests).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).

Solution A methanol R1, 2-propanol R, anhydrous ethanol R
(5:5:90 V/V/V).

Solution B 0.1 per cent V/V solution of diethylamine R in
solution A.

Testsolution 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 solution B.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: cellulose derivative of silica gelfor chiral

separation R (10 JlIIl).

Mobile phase diethylamine R, solution A, heptane R
(0.1:2:98 V/V/V).
Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 225 nm.
Injection 10~.

Run time 1.5 times the retention time of rotigotine.

Relatiue retention With reference to rotigotine (retention
time =about 22 min): impurity A =about 0.9.

System suitabiluy Reference. solution:
- resolution: minimum 1.5 between the peaks due to

impurity A and rotigotine.

Limit:
- impurity A: maximum 0.15 per cent, calculate the ratio of

the area of the peak due to impurity A to the sum of the
areas of the peaks due to rotigotine and impurity A.

Related substances
Liquid chromatography (2.2.29).

Solution A 0.1 per cent V/V solution of trifiuoroacetic acidR.
Solution B 0.1 per cent V/V solution of trifiuoroacetic acidR
in acetonitrile R.
Testsolution (a) Suspend 30.0 mg of the substance to be
examined in 2.5 mL of solution B and add 20 ml, of
solution A. Sonicate for at least 20 min, shaking vigorously at

99755-59-6315.5

(Ph. Bur. monograph 3014)

Action and use
Dopamine D2 receptor agonist; treatment of Parkinson's
disease and restless legs syndrome.

Preparation
Rotigotine Transdermal Patches

F

G. (3S,5R,6E)-7-[4-(4-fluorophenyl)-6-(I-methylethyl)-2
[methyl(methyisulfonyl)amino]pyrimidin-5-yl]-3,5- .
dihydroxyhept-6-enoic acid,

F

F. 1, l-dimethylethyl [(4R,6S)-6-[ (E)-2-[4-(4-fiuorophenyl)
6-( l-methylethylj-z-[methyl (methylsulfonyl)
amino]pyrimidin-5-yl] ethenyl] -2,2-dimethyl-l ,3-dioxan-4
yl]acetate,

F

Rotigotine

J. (3R,5S,6E)-7-[4-(4-fluorophenyl)-2-[[[(E)-2-[4-(4
fluorophenyD-6-(I-methylethyD-2-[methyl
(methylsulfonyl)amino]pyrimidin-5-yl]ethenyl]sulfonyl]
(methyl)amino]-6-(I-methylethynpyrimidin-5-y~-3,5

dihydroxyhept-6-enoic acid.
_____________________ PhEur
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5 min intervals, until dissolution is complete, then dilute to
50.0 rnL with solution A.

Test solution (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 least 20 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 rotigotine
impurity B CRS, 5 mg of rotigotine impurity C CRS, 5 mg of
rotigotine impurity G CRS and 3 mg of rotigotine
impurity H CRS in 5 mL of solution B and add 40,mL of
solution A. Sonicate for at least 20 min, shaking vigorously at
5 min intervals, until dissolution is complete, then dilute to
100.0 mL with solution A. Dilute 1.0 mL of this solution to
50.0 mL with solution A.
Reference solution (c) To 1.0 rnL of test solution (a) add
5 mL of solution B and dilute to 100.0 rnLwith solution A.
Dilute 1.0 mL of this solution to 10.0 mL with solution A.

Column:
- size:1= 0.15 m, 0 = 4.6 mm;
- stationaryphase: end-capped extra-dense bonded octylsilyl silica

gelfor chromatography R (5 urn);
- temperature: 40 "C.

Mobilephase:
- mobile phase A: trifluoroacetic acidR, waterfor

chromatography R (0.3:1000 V/V);
- mobile phase B: trifluoroacetic acidR, acetonitrile for

chromatography R (0.2:1000 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-2 82 18

2 - 24 82 ~ 50 18 ~ 50

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 10!J.L oftest solution (a) and reference
solutions (b) and (c).

Identification of impurities 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 1.6;
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 contents:
- for each impurity, use the concentration of rotigotine in

reference solution (c).

Limits:
- impurities C) G: for each impurity, maximum 0.2 per cent;
- impurity B: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.20 per cent, determined on 1.00 g.

2020

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 (b) and reference solution (a).

System suitabilz"ty Reference solution (a):
- symmetryfactor. maximum 2.2 for the principal peak.

Calculate the percentage content of C19H2SNOS taking into
account the assigned content of rotigotine hydrochloride CRS
and a conversion factor of 0.8964.

IMPURITIES
Specifiedimpurities A) B) C) G~

Other detectable impurities (the following substances would) if
present at a sufficient level) be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities 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) F) H) I) J) K

A. (6R)-6-[propyl[2-(thiophen-2-yl)ethyl]amino]-5,6,7,8
tetrahydronaphthalen-l-ol ((R)-rotigotine),

B. (6S)-6-(propylamino)-5,6,7)8-tetrahydronaphthalen-l-ol
(desthienylethyl rotigorine),

H H

~:Ct"~
OH

C. (6S)-6-[[2-(thiophen-2-yl)ethyl]amino]-5,6,7,8
tetrahydronaphthalen-l-ol (despropyl rotigotine),

D. (6S)-6-(ethyl(2-(thiophen-2-yl)ethyl]amino]-5,6,7,8
tetrahydronaphthalen-l-ol (ethyl rotigorine),
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K. 7,8-dihydronaphthalen-I-ol.

E. (2S)-5-hydroxy-N-propyl-N-[2-(thiophen-2-yl)ethyl]
1,2,3,4-tetrahydronaphthalen-2-amine N-oxide (rotigorine
N-oxide),

___________________ PhEur

(Ph. Bur. monograph 1146)

80214-83-1837

H3C....O~O'-../O ...N

H3C
H-

H3C

CH3 HO--

I· 0 0 CH3

H3
Cqr::cH3..

H," 0
N H~oo"H

CH3 H,' 0
OH OCH3 H CH3

CH3

Action and use
Antibacterial.

Roxithromycin

F. (6S)-6-[propyH~-(thiophen-2-yl)ethyl]amino]-5,6,7,8

tetrahydronaphthalen-l-yl acetate (acetyl rotigorine),

G. (6S)-6-[N,N-bis[2-(thioprJdl-2-yl)ethyl]amino]-5,6,7,8
tetrahydronaphthaen-l-ol,

H. (2S)-5-methoxy-N-propyl-N-[2-(thiophen-2-yl)ethyl]
1,2,3,4-tetrahydronaphthalen-2-amine (methoxy
rotigorine),

I. (6S)-6-[propyl [2-(thiophen-2-yl)ethyl]amino]-5,6,7,8
tetrahydronaphthalen-I-yl 4-methylbenzenesulfonate
(rorigotine toluene sulfonic acid ester),

J. (2S)-N-propyl-5-[2-(thiophen-2-yl)ethoxy]-N-[2
(thiophen-2-yl)ethyl]-1,2,3,4-tetrahydronaphthalen-2
amine (rotigorine thienylethyl ether),

PhEur _

DEFINITION
(3R,4S,5S,6R,7R,9R,IIS,12R,13S, 14R)-4-[(2,6Dideoxy-3-C
methyl-3-0-methy~cr-L-ribo-hexopyranosyl)oxy]-14-ethyl

7,12, 13-trihydroxy-1O-[(E) [(2-methoxyethoxy)methoxy]
imino]-3,5,7,9, I I, I3hexamethyl-6-[[3,4,6-trideoxy-3
(dimethylamino )-P-D-xylohexopyranosyl] oxy]
oxacyclotetradecan-2-one( erythromycin 9-(E)- [0-[(2
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 roxithromycin CRS.

If the spectra obtained shows differences, prepare further
spectra using 90 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).
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TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2Jl

Method II).

Dissolve 0.2 g in methanol R and dilute to 20 mL with the
same solvent.

Specific optical rotation (2.2.7)
-93 to -96 (anhydrous substance).

Dissolve 0.500 g in acetone R and dilute to 50.0 m.Lwith the
same solvent.

Related substances
Liquid chromatography (2.2.29).

SolutionA Mix 30 volumes of acetonitrile R and 70 volumes
of a 48.6 gIL solution of ammonium dihydrogen phosphateR,
adjusted to pH 5.3 with dilute sodium hydroxide solution 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 solution (a) Dissolve 50.0 mg of roxithromycin CRS
in solution A and dilute to 25.0 mL with solution A.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with solution A.
Reference solution (c) Dissolve 2.0 mg of roxithromycin for
system suitability CRS in solution A and dilute to 1.0 mL with
solution A.
Reference solution (d) Dilute 1.a mL of toluene R to
100.0 mL with acetonitrile R. Dilute 0.2 mL of this solution
to 200.0 mL with solution A.
Column:
- size: 1= 0.15 m, (2) =4.6 mm,
- stationary phase: spherical end-capped octadecylsz1JJl silica gel

for chromatography R (5 urn) with a 10 nm pore size and a
carbon loading of about 19 per cent,

- temperature: 15 0 C.

Mobilephase:
- mobile phase A: mix 26 volumes of acetonitrile Rand

74 volumes of a 59.7 gIL solution of ammonium
dihydrogen phosphate R, adjusted to pH 4.3 with dilute
sodium hydroxide solution R,

- mobile phase B: water R, acetonitrile R (30:70 VIV),

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

a- 50 100 0

50 - 51 100 ..... 90 0-10

51- 80 90 10

80 - 81 90 - 100 10 ...... a
81 - 100 100 0

Flow rate 1.1 mUmin.

Detection Spectrophotometer at 205 nm.
Injection 20 ilL, 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 = about 22 min): impurity A = about 0.28;
impurity B =about 0.31; impurity 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 I =about 3.l.

System suz"tabilz'ty Reference solution (c):
- peak-to-valleyratio: minimum 2.0, where Hp =height

above the baseline of the peak due to impurity G and

2020

H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
roxithromycin.

Limits:
- impurity G: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(1.0 per cent),

- impurities A, BJ CJ D, EJ FJ 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: I = 0.25 m.
Mobilephase 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 dilutesodium hydroxide
solution R.

Flow rate 1.5 mllmin.

Injection Test solution and reference solutions (a) and (c).

Retention time Roxithromycin = about 12 min.

System suitability Reference solution (c):
- peak-to-valleyratio: 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
curve separating this peak from the peak due to
roxithromycin.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities AJ BJ CJ D, E, FJ GJ HJ IJ J.
Other detectable impurities (thefollowing substances toould, if
present at a sufficient leuel, be detected by one or otherof the tests
in the monograph. They arelimitedby 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 for pharmaceutical use) K.
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G. erythromycin 9-(E)-[0-[[(2-methoxyethoxy)
methoxy]methyl]oxime],

F. 3'-N-demethylerythromycin 9-(E)-[0-[(2-methoxyethoxy)
methyl]oxime],

E. 3"-O-demethylerythromycin 9-(E)-[0-[(2-methoxyethoxy)
methyl]oxime],

.CH3
... H

OH
r CH3

····H

CH3

pH3
s H

pH
/ CH3

····H

CH3

HO'N

H3C

H····
H3C

CH3 HO--
I . 0 0 ,CH3

H3CG~3 . H' .~. 0

N . HO@O/H o
CH3 H 1'\

OH OCH3 H CH3

~

B. 3-0-de(2,6-dideoxy-3-C-methyl-3-G-methyl-ct-L-ribo
hexopyranosyl) erythromycin 9-(£)-[0-[(2-methoxyethoxy)
methyl] oxime],

A. (3R,4S,5S,6R,7R,9R.l'IIR,l2R,13S,14R)-4-[(2,6-dideoxy
3-C-methyl-3-0-methyl-a-L-nbo-hexopyranosyl)oxy]-14
ethyl-7,12,13-nihy~-3,5,7,9,11,13-hexamethyl-6-

[[3,4,6-trideoxy-3-(dimethylamino)-~-D-xylo
hexopyranosyl] oxy]oxacyclotetradecane-2,1O-dione
(erythromycin A),

.CH3
, H

H
: CH3

-·"H

CH3

............ 0, /0,
H3CO- ........... ....,. N

H3C

H····
H3C

CH3 HO..··

I ° 0 ..
H3CG~3 HIN@HO 0 ... 0

CH3 H''''
OH OCH3 H CH 3

CH3

H. 12-deoxyerythromycin 9-(E)-[0-[(2
methoxyethoxy)methyl]oxime],

". °
H CH 3

C. erythromycin 9-(E)-oxime,

D. erythromycin 9-(Z)-[0-[(2-methoxyethoxy)methyl]oxime],
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11-842 Rupatadine Fumarate 2020

]. erythromycin 9-(E)- [0- [(2-chloroethoxy)methyl]oxime],

Time Mobile phase A Mobile phase B
(min) (per cent Viii') (per cent Viii')

0-2 80 20

2 - 27 80 -> 50 20 -> 50

CHARACTERS
Appearance
White or slightly pinkish powder.

Solubility
Very slightly soluble in water, slightly soluble in anhydrous
ethanol, very slightly soluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison .rupatadine fumarate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Solvent mixture acetonitrile R1, mobile phase A (20:80 VIV).

Test solution Dissolve 32.0 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
100.0mL 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 rupatadinefor system
suitabz1ity CRS (containing impurities A and B) in the solvent
mixture and dilute to 5 mL with the solvent mixture.

Column:
- size: l = 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 um),
- temperature: 30 "C.

Mobile phase:
- mobile phase A: 7.0 gIL solution of sodium dihydrogen

phosphate monohydrate R in waterfor chromatography R;
- mobile phase B: acetonitrile R1;
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····H
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I. 2'-0-[(2-methoxyethoxy)methyl]erythromycin 9-(E)-[0
[(2-methoxyethoxy) methyl]oxime],

CI

____________________ PhEur

(Ph. Bur. monograph 2888)

Flow rate 1.2 mLlmin.

Detection Spectrophotometer at 210 nm.

Injection 50 J.tL.
Identification of impurities Use the chromatogram supplied
with rupatadine for system suitabz1ity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and B.

Relativeretention With reference to rupatadine (retention
time = about 17 min): fumaric acid = about 0.1;
impurity A = about 0.6; impurity B = about 0.7.

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;
- for each impurity, use the concentration of rupatadine in

reference solution (a).

Limits:
- impurity B: maximum 0.5 per cent;
- impurity A: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.7 per cent;

182349-12-8532.0C30H30CIN304
PhEur _

DEFINITION
8-Chloro-11-[I-[(5-methylpyridin-3-yl)methyl]piperidin-4
ylidene]-6,11-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).

Rupatadine Fumarate

K. erythromycin 9-(E)-[O-[[2-(hydroxymethoxy)
ethoxy]methyl]oxime].
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250249-75-3

OH

OH

665

Action and use
Bioflavinoid.

PhEur _

HO~O~..OCH3 0 0

OH
OH OH

HO

OH

(ph. Bur. monograph 1795)

Rutoside Trihydrate

DEFINITION
3-[[6-o-(6-Deoxy-et-L-mannopyranosyl)-~-D-glucopyranosyl]

oxy]-2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4H-l
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), practically insoluble in
methylene chloride. It dissolves in solutions of alkali
hydroxides.

IDENTIFICATION
First identification: B.

Secondidentification: 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 methanol R.

Spectral range 210-450 nm.

Absorption maxima At 257 urn and 358 nm.

Specific absorbance at the absorption 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 the same
solvent.

Reference solution Dissolve 25 mg of rutoside trihydrate CRS
in methanol R and dilute to 10.0 mL with the same solvent.

Plate TLC silica gel G plateR.

Mobile phase butanolR:t anhydrous acetic acid R, waterR,
methylethyl ketone R, ethyl acetate R
(5:10:10:30:50 V/V/V/V/Jl).

Application 10 ~L.

Development Over a path of 10 em.

Drying In air.

CI

A. 3-[[4-(8-chloro-5,6-dihydro-llH-benzo[5,6]cyclohepta
[1,2-b]pyridin-ll-ylidene)piperidin-l-yl]methyl]-1-( 1,2
dicarboxyethyl)-5-methylpyridin-l-ium,

Cl

C. II,ll'-[pyridine-3,5-diylbis(methylenepiperidin-I-yl-4
ylidene)]bis(8-chloro-6, ll-dihydro-5H-benzo[5,6]cyclohepta
[1,2-b]pyridine).
__________________--'-- PhEur

B. 8-chloro-ll-(piperidin-4-ylidene)-6,II-dihydro-5H-benzo
[5,6]cyclohepta]l ,2-b]pyridine,

- reporting threshold: 0.05 per cent; disregard the peak due to
fumaric 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 gin 50 mL of glacial acetic acidR. Titrate
with 0.1 M perchloric add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 17.73 mg of
C30H30CIN304'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B..

Other detectable impiifities (thefollowing substances would, if
present at a sujjicientilevel, be detected by oneor other of the tests
in the monograph. ···They arelimitedby 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 also 5.10. Control of impurities
in substances for pharmaceutical use) C.

CI

www.webofpharma.com



11-844 Rutoside Trihydrate 2020

Flow rate 1 mIJmin.

Detection Spectrophotometer at 280 nm.

Injection 20 j.lL.

Relative retention With reference to rutoside (retention
time =about 7 min): impurity B =about 1.1;
impurity A = about 1.2; impurity C = about 2.5.

System suitability Reference solution (a):

Detection Spray with a mixture of 2.5 mL of ferric chloride
solution Rl 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, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. Dissolve 10 mg in 5 mL of ethanol (96 per cent) R, add
1 g of zinc Rand 2 mL of hydrochloric acidRl. A red colour
develops.

TESTS
Light-absorbing impurities
The absorbance (2.2.25) is not greater than 0.10 at
wavelengths between 450 nm and 800 nm,

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
Maximum 3 per cent.

Shake 2.5 g of the substance to be examined for 15 min in
50 mL of methanol R at 20-25 DC. Filter under reduced
pressure through a sintered-glass filter (1.6) (2.1.2) previously
dried for 15 min at 100-105 DC, allowed to cool in a
desiccator and tared. Wash the filter 3 times with 20 mL of
methanol R. Dry the filter for 30 min at 100-105 DC. Allow to
cool and weigh. The residue weighs a maximum of 75 mg.

Related substances
Liquid chromatography (2.2.29).

Testsolution 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
trihydrate CRS in 2.0 mL of methanol R and dilute to
10.0 mL with mobile phase B.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with mobile phase B.
Column:
- size: 1= 0.25 m, (2) = 4.0 rom;
- stationary phase: octylsz7yl silica gelfor chromatography R

(5 urn);
- temperature: 30 DC.

Mobile phase:
- mobile phaseA: mix 5 volumes of tetrahydrofuran Rand

95 volumes of a 15.6 gIL solution of sodium dihydrogen
phosphate R adjusted to pH 3.0 with phosphoric acidR;

- mobile phaseB: mix 40 volumes of tetrahydrofuran Rand
60 volumes of a 15.6 gIL solution of sodium dihydrogen
phosphate R adjusted to pH 3.0 with phosphoric acidR;

OH

OH

OH

OH

o
OH

~~O,?
~

OH

H~OOObO
CH3 0 0

OH
OH OH

HO

OH

A. 2-(3,4-dihydroxyphenyl)-3-(B-n-glucofuranosyloxy)-5,7
dihydroxy-4H-l-benzopyran-4-one (isoquercitroside),

- resolution: minimum 2.5 between the peaks due to
rutoside and impurity B.

Limits Locate the impurities by comparison with the
chromatogram provided with rutoside trihydrate CRS:
- correction factors: 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 peak in 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 obtained with reference solution (b)
(4.0 per cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained with 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 gin 20 mL of dimethylformamide R. Titrate
with 0.1 M tetrabutylammonium hydroxide, determining the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 30.53 mgof C27H30016.

STORAGE
Protected from light.

IMPURITIES

B. 3- [[6-0-(6-deoxy-cr-L-mannopyranosyl)-B-n
glucopyranosyl]oxy]-5,7-dihydroxy-2-(4-hydroxyphenyl)
4H-1-benzopyran-4-one (kaempferol 3-rutinoside),

50 --+ 100

100

100 -t 50

50

Mobile phase B
(per cent VIP)

50 --+ a
a

a --+ 50

50

Mobile phase A
(per cent VIP)

Time
(min)

0-10

10 - 15

15 - 16

16 - 20
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OH

_____________--'- PhEur

melts, avoiding carbonisation. Allow to cool, dissolve the
mass in about 5 mL of water R, add dilute hydrochloric acid R
until a weak acid reaction is produced and filter, if necessary.
To the filtrate add 0.2 mL of jerrie chloride solution R2.
A violet colour develops.

TESTS
Solution S
Dissolve 5.0 gin 20 mL of a 200 gIL solution of sodium
acetate R and dilute to 25 mL with the same solution.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2-, Method II).

0- and p-Toluenesulfonamide
Gas chromatography (2.2.28).

Internal standardsolution Dissolve 25 mg of caffeine R in
methylene chloride R and dilute to 100 mL with the same
solvent.

Test solution Suspend 10.0 g of the substance to be
examined in 20 mL of water R and dissolve using 5-6 mL of
strongsodium hydroxide solution R. If necessary adjust the
solution to pH 7-8 with 1 M sodium hydroxide or 1 M
hydrochloric acid and dilute to 50 mL with waterR. Shake the
solution with 4 quantities, each of 50 ml., of methylene
chloride R. Combine the lower layers, dry over anhydrous
sodiumsulfateR and filter. Wash the filter and the sodium
sulfate with 10 mL of methylene chloride R. Combine the
solution and the washings and evaporate almost to dryness in
a water-bath at a temperature 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 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 1 mL of methylene chloride R.

Reference solution Dissolve 20.0 mg of o-toluenesulfonamide R
and 20.0 mg of toluenesulfonamide R in methylene chloride R
and dilute to 100.0 mL with the same solvent. Dilute 5.0 mL
of the solution to 50.0 mL with methylenechloride 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;
- stationaryphase: polyrnethylphenylsiloxane R (film thickness

2 1JlIl).

Carrier gas nitrogen jor chromatography R.

Flow rate 10 mUmin.

Split ratio 1:2.

Temperature:
- column: 180°C;
- injection port and detector. 250 °C.

Detection Flame ionisation.

Injection 1 ilL.
Orderof elution o-toluenesulfonamide, p-toluenesulfonamide,
caffeine.

System suitability:
- resolution: minimum 1.5 between the peaks due to

o-toluenesulfonamide and p-toluenesulfonamide in the
chromatogram obtained with the reference solution;

- the chromatogram obtained with the blank solution does
not show any peak with the same retention times as the

81-07-2183.2

o
~.po

~NH
o

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

PhEur _

(ph Bur. monograpb 0947)

HO

C. 2-(3,4-dihydroxyphenyl)~3,5,7-trihydroxy-4H-I
benzopyran-4-one (quercetin).

o

DEFINITION
1,2-Benzisothiazol-3(2H)-one 1, I-dioxide.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Sparingly soluble in boiling water and in ethanol
(96 per cent), slightly soluble in cold water. It dissolves in
dilute solutions of alkali hydroxides and carbonates.

IDENTIFICATION
First identification: C.

Secondidentification: A-, B-, D-, 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).

Preparation Discs.

Comparison saccharin CRS.

D. Mix about 10 mg with about 10 mg of resorcinol R, add
0.25 mL of sulfuric acid 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
green fluorescence develops.

E. To 0.2 g add 1.5 mL of dilute sodiumhydroxide solution R,
evaporate to dryness and heat the residue carefully until it

Action and use
Sweetening agent.

Saccharin1
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____________________ PhEur

PhEw _

Saccharin Sodium1

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals, efflorescent in dry air.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENfIFICATION
First identification: B} E.

Secondidentification: A} C} D} 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
hydrochloric acid R. A white precipitate is formed. Filter and
wash with waterR. Dry the precipitate at 100-105 DC.

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 10 mg of resorcinol R, add
0.25 mL of sulfuric acidR and carefully heat the mixture over
a naked flame until a dark green colour is produced. Allow to
cool, add 10 mL of waterRand dilute sodium hydroxide
solution R until an alkaline reaction is produced. An intense
green fluorescence develops.

D. To 0.2 g add 1.5 mL of dilute sodiumhydroxide solution R,
evaporate to dryness and heat the residue carefully until it
melts, avoiding carbonisation. Allow to cool, dissolve the
mass in about 5 mL of waterR, add dilute hydrochloric acidR
until a weak acid reaction is produced and filter, if necessary.
To the filtrate add 0.2 mL oi ferric chloride solution R2.
A violet colour 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 II).

Dissolve 2.0 gin 10 mL of waterR.

Acidity or alkalinity
To 10 mL of solution S add about 0.05mL of a 10 gIL
solution of phenolphthalein R in ethanol (96 per cent) R.
The solution is neither pink nor red. Add 0.05 mL of 0.1 M
sodium hydroxide. The solution becomes pink or red.

0- and p-Toluenesulfonamide
Gas chromatography (2.2.28).

Internalstandardsolution 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 hydrochloric acid. Shake the solution with 4 quantities,
each of 50 mL, of methylene chloride R. Combine the lower
layers, dry over anhydrous sodium sulfate R and filter. Wash
the filter and the. sodium sulfate with 10 mL of methylene
chloride R. Combine the solution and the washings and
evaporate almost to dryness in a water-bath at a temperature
not exceeding 40°C. Using a small quantity of methylene
chloride R, quantitatively transfer the residue into a

128-44-9

• xHzO

205.2 (anhydrous substance)

~"O
(lrS~0-<N-Na

o

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

Soluble Saccharin

(ph. Bur. monograph 0787)

Action and use
Sweetening agent.

internal standard, o-toluenesulfonamide and
p-toluenesulfonamide.

Limits:
- o-toluenesulfonamide: 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-toluenesulfonamide: 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).

Readily carbonisable substances
Dissolve 0.20 ginS mL ofsuljuric acidR and keep at
48-50 °C for 10 min. When viewed against a white
background, the solution is not more intensely coloured than
a solution prepared by mixing 0.1 mL of red primary
solution, 0.1 mL of blue primary solution and 0.4 mL of
yellow primary solution (2.2.2) with 4.4 mL of waterR.

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 on 1.0 g.

ASSAY
Dissolve 0.500 g in 40 mL of ethanol (96 per cent) R.
Add 40 mL of waterR. Titrate with 0.1 M sodiumhydroxide,
using a 10 gIL solution ofphenolphthalein R in ethanol
(96 per cent) R as indicator. Carry out a blank titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 18.32 mg of
C7HsN03S.

Anhydrous saccharin sodium

DEFINITION
2-Sodio-1,2-benzisothiazol-3(2H)-one 1,I-dioxide.

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

It may be anhydrous or contain a variable quantity of water.

www.webofpharma.com
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PhEur _

____....,...... PhEur

(ph. Eur. monograph 2088)

Refined Safflower Oil

about 0.914

about 1.472

Type II refined
safflower oil

about 0.922

about 1.476

Type I refined
safilower oil

Relative density

Refractive index

DEFINITION
Fatty oil obtained from seeds of Carthamus tinctorius L.
(type 1) or from seeds of hybrids of Carthamus tinctorius L.
(type II), by expression and/or extraction followed by
refining. Type IT refined safflower oil is rich in oleic (cis-9
octadecenoic) acid. A suitable antioxidant may be added.

CHARACTERS
Appearance
Clear, viscous, yellow or pale yellow liquid.

Solubility
Practically insoluble in ethanol (96 per cent), miscible with
light petroleum (bp: 40-60 DC).

IDENTIFICATION
Firstidentification: 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 for type I or type IT 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, MethodA)
Maximum 10.0, or maximum 5.0 if intended for use in the
manufacture of parenteral preparations.

Unsaponifiable 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 offatty acids (2.4.22, MethodA)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatty-acid fraction of type I refined safflower
oil:
- saturated fatty acids of chain length less than C14: maximum

0.2 per cent;
- myristic acid: 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;
- oleic acid: 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;

STORAGE
In an airtight container.

suitable 10 mL tube, evaporate to dryness in a current of
nitrogen R and add 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 DC. Dissolve the residue in 1 mL of methylene chloride R.
Reference solution Dissolve 20.0 mg of o-toluenesulfonamide R
and 20.0 mg of toluenesulfonamide R in methylene 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 R. Take up the residue using 1:0 mL of the
internal standard solution.

Column:
- material: fused silica;
- size: 1=10 m, 0 =0.53 mrn;
- stationary phase: polymethylphenylsiloxane R (film thickness

2 urn).

Carrier gas nitrogen for chromatography R.
Flow rate 10 mUmin.
Split ratio ···1:2.~~-

Temperature:
- column: 180 DC;
- injection port and detector. 250 DC.

Detection Flame ionisation.

Injection 1 J.tL.
Elutionorder o-toluenesulfonamide, p-toluenesulfonamide,
caffeine.

System suitability:
- resolution: minimum 1.5 between the peaks due to

o-toluenesulfonamide and p-toluenesulfonamide in the
chromatogram obtained with the reference solution;

- the chromatogram obtained with the blank solution does
not show any peak with the same retention times as the
internal standard, o-toluenesulfonamide and
p-toluenesulfonamide.

Limits:
- o-toluenesulfonamide: 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-toluenesulfonamide: 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).

Readily carbonisable substances
Dissolve 0.200 ginS mL of sulfuric acidR and keep at
48-50 DC for 10 min. When viewed against a white
background, the solution is not more intensely coloured than
a solution prepared by mixing 0.1 mL of red primary
solution, 0.1 mL of blue primary solution and 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
slight heating if necessary. Titrate with 0.1 M perchloric 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 20.52 mg
of C7H~NNa03S.
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(Ph. Bur. monograph 0529)

IDENTIFICATION
First identification: B.

Secondidentification: A, C, D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 80.0 mgin 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 hydrochloric acidR.

Spectral range 230-350 run.

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 mg of the substance to be
examined in methanol R and dilute to 50 mL with the same
solvent.

Reference solution Dissolve 10 mg of salbutamol CRSin
methanol R and dilute to 50 mL with the same solvent.

Plate TLC silica gelplateR.

Mobile phase concentrated ammoniaR, waterR, ethyl
acetate R, 2-propanol R, methyl isobutyl ketone R
(3:18:35:45:50 VIVIVIVIV).

Application 5~.

Development Over 3/4 of the plate.

Drying In air.
Detection Spray with a 1 gIL s(~tion of
methylbenzothiazolone hytirazone hydrochloride R in a
90 per cent VIV solution of methanol R, followed by a 20 gIL
solution of potassium ferricyanide R in a mixture of 1 volume
of concentrated ammonia Rl and 3 volumes of waterR,
followed by a further spraying with a 1 gIL solution of
methylbenzothiazolone hydrazone hydrochloride R in a
90 per cent VIV solution of methanol 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.

D. Dissolve about 10 mg in 50 mL of a 20 gIL solution of
disodium tetraborate R. Add 1 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 ferricyanide R. Shake and
allow to separate. An orange-red colour develops in the
methylene chloride layer.

TESTS
Solution S
Dissolve 0.50 g in methanol R and dilute to 25.0mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BYs (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).

Test solution Dissolve 0.100 g of the substance to be
examined in the mobile phase and dilute to 50.0 rnL with
the mobile phase.

Reference solution (a) Dissolve 2.0 mg of salbutamol CRS,
2 mg of salbutamol impurity B CRS, 3.0 mg of salbutamol

18559-94-9239.3

~
H', OH ~XCH3

~ I ,HaC CHa and enantiomer
HO

OH

Action and use
Beta2-adrenoceptor agonist; bronchodilator.

Preparations
Salbutamol Pressurised Inhalation

Salbutamol Prolonged-release Capsules

Salbutamol Prolonged-release Tablets

Salbutamol

DEFINITION
(IRS)-2-[(1,I-Dimethylethy1)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.

- behenic acid: maximum 1.0 per cent.

Composition of thefatty-acid fraction of type II refined safflower
oil:
,- saturated fatty acids of chain lengthless than C14: maximum

0.2 per cent;
- myristic acid: maximum 0.2 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 acid: 7.0 per cent to 23.0 per cent;
- linolenic' acid: maximum 0.5 per cent;
- arachidic acid: maximum 1.0 per cent;
- eicosenoic acid: maximum 1.0 per cent;
- behenic acid: maximum 1.2 per cent.

Brassicasterol (2.4.23)
Maximum 0.3 per cent in the sterol fraction of the oil.

Water (2.5.32)
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 suitable for use in

the manufacture of parenteral preparations;
- the type of oil (type I or type II).
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B. (lRS)-2- [(1, I-dimethylethyl)amino] -1-(4-hydroxyphenyl)
ethanol,

A. 5-[(lRS)-2-[(1,1-dimethylethyl)amino]-1-methoxyethyl]-2
hydroxyphenyl]methanol,

Dissolve 50.0 mg in a 1 gIL solution of hydrochloric add R
and dilute to 25.0 mL with the same solvent.
The absorbance (2.2.25) of the solution measured at 310 nm
is not greater than 0.10.

Boron
Maximum 50 ppm.

Test solution To 50 mg of the substance to be examined add
5 mL of a solution containing 13 gIL of anhydrous sodium
carbonate R and 17 gIL of potassium carbonate R. Evaporate to
dryness on a water-bath and dry at 120 DC. Ignite the residue
rapidly until the organic matter has been destroyed, allow to

cool and add 0.5 mL of waterRand 3.0 mL of a freshly
prepared 1.25 gIL solution of curcumin R in glacialacetic
acidR. Warm gently to effect solution, allow to cool and add
3.0 mL of a mixture prepared by adding 5 mL of sulfuric
acidR, slowly and with stirring, to 5 mL of glacialacetic
acid R. Mix and allow to stand for 30 min. Dilute to
100.0 mL with ethanol (96 per cent) R, filter and use the
filtrate.

Reference solution Dissolve 0.572 g of boric acid 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 R and 17 gIL of potassium carbonate R, and treat
this mixture in the same manner as 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 nm. The absorbance of the test solution is not greater
than that of the reference solution.

Loss on dry\ng (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 0.200 gin 30 mL of anhydrous acetic acid R. 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 23.93 mg
of C13HZ1N03 •

STORAGE
Protected from light.

IMPURITIES
Specified impurities A J BJ CJ D, EJ FJ GJ H~ IJ J.

and enantiomer

and enantiomer

CH3
I

0
H
', o ~XCH'

~ I .H3C CH3
HO

OH

impu:ti£y D CRS, 3.0 mg of salbutamol impurityF CRS and
3.0 mg of salbutamol 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 contents of a vial of
saibutamol impurity I CRS in 1.0 mL of the mobile phase.

Refenmce solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solurionto 20.0 mL with the mobile phase.

Cobmm:
- size:1= 0.15 m, (0 =3.9 mm;
- mo.iJmary phase: spherical end-capped octylsilyl silica gelfor

chromatography R (5 J.I.II1) with a specific surface area of
335 m2/g, a pore size of 10 nm and a carbon loading of
1L7 per cent.

Mobile phase Mix 22 volumes of acetonitrile R1 and
78 volumes of a solution containing 2.87 gIL of sodium
heptanesulfonate Rand 2.5 gIL of potassium dihydrogen
phosphate R previously ajusted to pH 3.65 with dilute
phosphoricacid R.,<;.;.i"
Floa: rate 1 mIJrnJp.
Detection Spectrophotometer at 220 run.

Injection 20 J,JL.
Run time 25 times-the retention time ofsalbutamol.

ldenJ:ijication of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities B, D, F and G; use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity I.
Relative retention With reference to salbutamol (retention
time = about 2 min): impurity B = about 1.3;
impurity A = about 1.7; impurity C = about 2.0;
impurity D =about 2.7; impurity H =about 3.0;
impurity E =about 3.1; impurity G = about 4.1;
impurity F = about 6.2; impurity I = about 23.2.

System suitability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

salbutamol and impurity B.

Limits:
- impurityD: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- imptaity F: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impuriry G: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impuritiesA, B~ C~ E, H~ I: for each impurity, not more
than 1.5 times the area of the peak due to salbutamol in
the chromatogram obtained with reference solution (a)
(0.3 per cent);

- unspecifiedimpurities: for each impurity, not more than
0.5 times the area of the peak due to salbutamol in the
chromatogram obtained with reference 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).

Im.purity J
Maximum 0.2 per cent.
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H\ OH H

if-NXCH3

~ I H3C CH3 and enantlorner
HO

CH3 ~
o H

~ N
XCH3

-~ I H
3C

CH
3

HO -

OH
C. (lRS)-2-[(I,1-dimethylethyl)amino]-I-(4-hydroxy-3

methylphenyl)ethanol,

. T"'"H" OH ~XCH,
~ I H3C CH3 and enantiomer

HO

H 0

1- 2-[(1,1-dimemylethyl)amino]-1-[4-hydroxy-3
(hydroxymethyl)phenyl]ethanone (salbutamone).

___________________ PhEur

Salbutamol Sulfate
D.5-[(IRS)-2-[(l,I-dimethylethyl)amino]-1-hydroxyethyl]-2

hydroxybenzaldehyde,

.c
r H\ OH N; H,

"" I H,C CH, andenanliomer.
HO

OH

Salbutamol Sulphate

(Ph. Bur. monograph 0687)

PhEur _

51022-70-9576.7

Action and use
Betaj-adrenoceptor agonist; bronchodilator.

Preparations
Salbutamol Inhalation Powder

Salbutamol Inhalation Powder, pre-metered

Salbutamol Injection

Salbutamol Nebuliser Solution

Salbutamol Oral Solution

Salbutamol Pressurised Inhalation

Salbutamol Tablets

Salbutamoi Prolonged-release Capsules

DEFINITION
Bis[(lRS)-2-[(1,1-dimethylethyl)amino]-I-[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.

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

It shows polymorphism (5.9).

IDENfIFICATION
First identification: B, E.
Second identification: 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 acid 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 hydrochloric acidR.
Spectralrange 230-350 nm.

H. 4- [2-[(1, I-dimethylethyl) amino] ethyl] -2-methylphenol,

Y
~ H\ OH H

# -~ N
XCH

3

o~H'C CH, and enanticmer

OH

F. 1,I'- [oxybis[methylene(4-hydroxy-l ,3-phenylene)]]bis [2
[(1, I-dimethylethyl)amino]ethanol],

Ci.2-[benzyl(1,I-dimethylethyl)amino]-I-[4-hydroxy-3
(hydroxymethyl)phenyl] ethanone,

E. (IRS)-2-[benzyl(I,I-dimethylethyl)amino]-I-[4-hydroxy
3-(hydroxymethyl)phenyl] ethanol,

1. (lRS)-2-[(I,I-dimethylethyl)amino]-1-[4-(benzyloxy)-3
(hydroxymethyl)phenyl] ethanol,
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Absorption maximum At 276 run.

Specific absorbance at the absorption maximum 55 to 64.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison salbutamol sulfate CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in anhydrous ethanol R. Dry the residues and
record new spectra using the residues.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 12 mg of the substance to be
examined in water R and dilute to 10 mL with the same
solvent.

Reference solution Dissolve 12 mg of salbutamol sulfate CRS
in waterR and dilute to 10 mL with the same solvent.

Plate TLC silica gelplateR.

Mobile phase concentrated ammonia R, water R, ethyl
acetate R, 2-propanol R, methylisobutyl ketone R
(3:18:35:45:50 V/V/V/V/V).

Application 1 pL.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with a 1 gIL solution of
methylbenzothiazolone hydrazone hydrochloride R in a
90 per cent V/V solution of methanol R, followed by a 20 gIL
solution of potassium ferricyanide R in a mixture of 1 volume
of concentrated ammonia R1 and 3 volumes of waterR,
followed by a further spraying with a 1 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 solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. Dissolve about 10 mg in 50 mL of a 20 gIL solution of
disodium tetraborate R. Add 1 mL of a 30 gIL solution of
aminopyrazolone R, 10 mL of methylene chloride Rand 10 mL
of a 20 gIL solution of potassium ferricyanide R. Shake and
allow to separate. An orange-red colour develops in the
methylene chloride layer.

E. It gives reaction (a) of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.250 g in carbon dioxide-free water 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 BY6 (2.2.2, Method II).

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 methylredsolution 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 acid is
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 phase A and dilute to 50.0 mL with
mobile phase A.

Reference solution (a) Dissolve 3.0 mg of salbutamol
impurity D CRS and 3.0 mg of salbutamol impurity F CRS in

Salbutamol Sulfate 11-851

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 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) With the aid of ultrasound, dissolve
the contents of a vial of salbutamol impurity J CRS in 1.0 mL
of the test solution.

Reference solution (d) Dissolve 1 mg of salbutamol
impurity D CRS in mobile phase A and dilute to 100.0 mL
with mobile phase A.

Reference solution (e) Dissolve 4 mg of salbutamol sulfate for
system suitability CRS (containing impurities C, F, Nand 0)
in mobile phase A, add 0.4 mL of reference solution (d) and
dilute to 10.0 mL with mobile phase A.

Column:
- size: l =0.15 m, 0 =4.6 mm;
- stationary phase: spherical end-capped octylsilyl silica gelfor

chromatography R (3 !J111);
- temperature: 30°C.

Mobile phase:
- mobile phase A: dissolve 3.45 g of sodium dihydrogen

phosphate monohydrate R in 900 mL of a
0.05 per cent V/V solution of triethylamine R, adjust to
pH 3.0 with dilute phosphoric acidR and dilute to
1000 mL with a 0.05 per cent V/V solution of
triethylamine R;

- mobile phaseB: methanol R, acetonitrile R (35:65 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent V/Jl)

0-5 95 5

5 - 30 95 -> 10 5 -> 90

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 273 nm.

Injection 20 ul 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 1.67;
impurity D = about 1.68; impurity F = about 1.77;
impurity 0 = about 1.82.

Identification of impurities Use the chromatogram supplied
with salbutamol sulfate for system suitability CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities C, D, F, Nand 0; use the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity J.
System suitability:
- peak-to-valley ratio: minimum 1.2, where Hp = height

above the baseline of the peak due to impurity Nand
H'f1 = 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 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 salbutamol in
the chromatogram obtained with reference solution (c).
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B. (lR~-2-[(1,1-dimethylethyl)amino]-1-(4

hydroxyphenyl)ethanol,

C. (lR~-2-[(1,1-dimethylethyl)amino]-1-(4-hydroxy-3

methylphenyl) ethanol,

j\. [5-[(lR~-2-[(1,1-dimethylerl1yl)amino]-1-rnethoxyethyij

2-hydroxyphenyl]methanol,

and enantiomer.

and enantiomer

A) B, E, G, I, J) s;

CH3
I

~
H.. O ~XCH,

.
~ I HsC CHs

HO

OH

~
H.OH~

~.
' NXCHs andenantiomer

~ I H3C CH3
HO

OH

~~XCH3
HOX H,C CH, andenannomer

H 0

H.. OH H

0 NX CHS

~ I H3C CHs and enantiomer
HO

CH3

in substances for pharmaceutical use)
L,M.

F. 1,1 '-[oxybis[methylene(4-hydroxy-1,3-phenylene)]]bis[2
[(1,l-dimethylethyl)arnlllo]ethanol],

I).5-[(lR~-2-[(1,1-dimethylethyl)arnlllo]-1-hydroxyethyl]-2

hydroxybenzaldehyde,

- E. (lRS)-2-[benzyl(1,1-dimethylethyl)arnino]-1-[4-hydroxy
3-(hydroxyrnethyl)phenyl]ethanol,

Limits:
- impurities 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.

Test solution To 50 mg of the substance to be examined add
5 mL of a solution containing 13 gIL of anhydrous sodium
carbonate Rand 17 gIL ofpotassium carbonate R. Evaporate to
dryness on a water-bath and dry at 120°C. Ignite the residue
rapidly until the organic matter has been destroyed, allow to
cool and add 0.5 mL of water Rand 3.0 mL of a freshly
prepared 1.25 gIL solution of curcumin R in glacial acetic
acid R. Warm gently to effect solution, allow to cool and add
3.0 mL of a mixture prepared by adding 5 ml, of sulfuric
acidR, slowly and with stirring, to 5 mL of glacial acetic
acidR. Mix and allow to stand for 30 min. Dilute to

100.0 mL with ethanol (96 per cent) R, filter and use the
filtrate.

Reference solution Dissolve 0.572 g of boric acidR in
1000.0"mL of waterR. Dilute 1.0 mL of the solution to
100.0 mL with 'water R. 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
this mixture in the same manner as 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 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 ginS mL of anhydrous formic acidR and add
35 mL of anhydrous acetic acid R. 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 57.67 mg
OfC26H~201OS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities C) D;, F.,N) O.
Otherdetectable impurities (the following substances would) if
present at a sufficient leoel, be detected by oneor other of the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to ide:ntify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
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cr.2-QDenzyl(1,1-dinlerllylerllyDar.nll1o]-1-[4-hydroxy-3
(hydroxymerllyl)phenyl] ethanone,

I. (IRS)-2-[(1,J:..:dinlerllylethyl)amino]-1-[4-(benzyloxy)-3
(hydroxymetllyl)phenyl] ethanol,

Salicylic Acid 11-853

OH

HO

N.2-[(I,I-dimethylethyl)amino]-I-[3-[[5-[2-[(l,I
dimethylethyl)amino]-1-hydroxyethyl]-2-hydroxyphenyl]
methyl]-4-hydroxy-5- (hydroxymethyl)phenyl] ethanol,

O. unknown structure.
___________________ PhEur

Salicylic Acid
(Ph. Bur. monograph 0366)

~
o H

~ N
XCH3

~. I H3C CH3HO .

OH

(XI COzH

~ OH

138.1 69-72-7

J. 2- [(1, l-dimethylethyljamino]-1- [4-hydroxy-3
(hydroxymethyl)phenyl] ethanone (salbutamone),

o

CI~~XCH3
~ I H3C CH3

HO

OH

le. 2-[(1,I-dimethylerllyDarnlllo]-1-[3-chloro-4-hydroxy-5
(hydroxymethyl)phenyl]ethanone,

H\ OH H

ClxtNXCH3
~ I . H3C CH3 and enantiomer

HO

OH

L. (lRS)-2-[(I,I-dirnethylethyl)amino]-I-[3-chloro-4
hydroxy-5-(hydroxymethyl)phenyl] ethanol,

M.(IRS)-2-[(I,I-dinlethylethyl)amino]-I-[4-hydroxy-3
(rnethoxymethyl)phenyl]ethanol,

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 SalicylicAcid Paste

PhEur ---'----'- _

DEFINITION
2-Hydroxybenzenecarboxylic acid.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or white or
colourless, acicular crystals.

Solubility
Slightly soluble in water, freely soluble in ethanol
(96 per cent), sparingly soluble in methylene chloride.

IDENTIFICATION
Firstidentification: AJ B.
Second identification: A J C.

A. Melting point (2.2.14): 158°C to 161 °C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison salicylic acid CRS.

C. Dissolve about 30 mg in 5 mL of 0.05 M sodium
hydroxide, neutralise if necessary and dilute to 20 rnL with
water R. 1 mL of the solution gives reaction (a) of salicylates
(2.3.1).
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TESTS
Solution S
Dissolve 2.5 g in 50 mL of boiling distilled water R, cool and
filter.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method I!).

Dissolve 1 g in 10 mL of ethanol (96 per cent) 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 mL with
the mobile phase.

Reference solution (a) Dissolve 10 mg ofphenol R
(impurity C) in the mobile phase and dilute to 100.0 mL
with the mobile phase.

Reference solution (b) Dissolve 5 mg of salicylic acid
impurityB CRS in the mobile phase and dilute to 20.0 mL
with the mobile phase.

Reference solution (c) Dissolve 50 mg of 4-hydroxybenzoic
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 solution (e) Dilute a mixture of 1.0 mL of each of
reference solutions (a), (b) and (c) to 10.0 mL with the
mobile phase.

Reference solution (j) Dilute a mixture of 0.1 mL of each of
reference solutions (a), (b) and (c) to 10.0 mL with the
mobile phase.

Column:
- size: 1= 0.15 rn, (2) = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.lID.).

Mobile phase glacial acetic acidR, methanol R, water R
(1:40:60 V/V/V).

Flow rate 0.5 mlJmin.

Detection Spectrophotometer at 270 nm.

Injection 10 ul, of the test solution and reference
solutions (d), (e) and (t).

Identification of impurities Use the chromatogram obtained
with reference solution (e) to identify the peaks due to
impurities A, Band C.

Relativeretention With reference to impurity C (retention
time = about 9.5 min): impurity A = about 0.6;
impurity B = about 0.8.

System suitability Reference solution (e):
- the 3rd peak in the chromatogram corresponds to the peak

due to impurity C in the chromatogram obtained with
reference solution (d);

- resolution: minimum 1.0 between the peaks due to
impurities Band C; ifnecessary, adjust the quantity of
acetic acid in the mobile phase.

Limits:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (t) (0.1 per cent);

- impurity B: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (t) (0.05 per cent);

2020

- impurityC: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (f) (0.02 per cent);

- unspecified impurities: for each impurity, not more than the
area of the peak due to impurity B in the chromatogram
obtained with reference solution (f) (0.05 per cent);

- total: not more than twice the area of the peak due to
impurity A in the chromatogram obtained with reference
solution (t) (0.2 per cent);

- disregard limit: 0.3 times the area of the peak due to
impurity A'in the chromatogram obtained with reference
solution (f) (0.03 per cent). Do not disregard the peak
due to impurity C.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Sulfates
Maximum 200 ppm.

Dissolve 1.0 ginS mL of dimethylformamide R and add 4 mL
of waterR. Mix thoroughly. Add 0.2 mL of dilute hydrochloric
acidRand 0.5 mL of a 25 per cent m/m solution of barium
chloride R. After 15 min any opalescence in the solution is
not more intense than that in a standard prepared as follows:
to 2 mL of sulfate standard solution (l00 ppm SO.J R add
0.2 mL of dilute hydrochloric acidR, 0.5 mL of a
25 per cent m/m solution of barium chloride R, 3 mL 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 water R. 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
C7H603•

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

Hoze¥')

~OH

A. 4-hydroxybenzoic acid,

B. 4-hydroxyisophthalic acid,

~OH

V

C. phenol.
____________________ PhEur
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Salmeterol Xinafoate

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent V/JI)

0-16 100 0

16 - 36 100 -. 30 0 ..... 70

36 - 45 30 70

Reference solution (d) Dissolve 25.0 mg of salmeterol
xinafoate 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, (2) = 4.6 mID;
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.lIl1).

Mobile phase:
- mobile phase A: mix 24 volumes of a 7.71 g/L solution of

ammonium acetate Rand 24 volumes of a 28.84 g/L
solution of sodium dodecyl sulfate R and adjust to pH 2.7
with glacial acetic acidR; mix with 52 volumes of
acetonitrile R;

- mobile phase B: acetonitrile R;

94749-08-3604

(ph. Eur. monograph 1765)

Action and use
Betaj-edrenoceptor agonist; bronchodilator.

Preparations
Fluticasone and Salmeterol Inhalation Powder, pre-metered

Fluticasone and Salmeterol Pressurised Inhalation,
suspension

Salmeterol Inhalation Powder, pre-metered

Salmeterol Pressurised Inhalation, suspension

PhEur -..,-.,.,....- _

DEFINITION
(lRS)-l-[4-Hydroxy-3-(hydroxymethyl)phenyl]-2- [[6-(4
phenylbutoxy)hexyl] amino] ethanol 1-hydroxynaphthalene-2
carboxylate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, soluble in methanol, slightly
soluble in anhydrous ethanol, practically insoluble in
methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison salmeterol xinafoate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Protect the solutions from
light.

Solvent mixture acetonitrile R, water R (50:50 VIV).

Test solution (a) Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Test solution (b) Dissolve 25.0 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 11 mg of salmeterol xinafoate
for system suitabilityCRS (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 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 5 mg of salmeterol xinafoatefor
peak identification CRS (containing impurity D) in the solvent
mixture and dilute to 1.0 mL with the solvent mixture.

Flow rate 2 mIJmin.
Detection Spectrophotometer at 278 run.

Injection 20 J.L1. of test solution (a) and reference
solutions (a), (b) and (c).

Identification of impurities Use the chromatogram supplied
with salmeterol xinafoatefor system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities E and G; use the
chromatogram supplied with salmeterol xinafoatefor peak
identification CRS and the chromatogram obtained with
reference solution (c) to identify the peak due 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 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
salmeteroI.

Calculation ofpercentage contents:
- for each impurity, use the concentration of salmeterol in

reference solution (b).

Limits:
- impurities D;, G: for each impurity, maximum 0.2 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

xinafoic acid.

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.

Mobile phase Mobile phase A.
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Injection 20 ul, of test solution (b) and reference
solutions (d) and (e).

Run time Until complete elution of the peak due to
salmeterol (about 16 min).

System suitability Reference solution (e):
- peak-to-valley ratio: minimum 10, 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
salmeterol.

Calculate the percentage content of C36H4SN07 using the
chromatogram obtained with reference solution (d) and
taking into account the assigned content of salmeterol
xinafoate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities D, G.
Other detectable impurities (the following substances uiould, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby 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
in substances for pharmaceutical use) A, B, C, E, F.

~
I H'. OH ~~

HO ~ ~
OH and enantiomer

A. (lRS)-I-[4-hydroxy-3-(hydroxymethyl)phenyl]-2-[(4
phenylbutyl)amino]ethanol,

and enantiomer

B. (lRS)-I-[4-hydroxy-3-(hydroxymethyl)phenyl]-2-[[6-(2
phenylethoxy)hexyl]amino]ethanol,

HO~~~
OH~

V and enantiomer

c. (lRS)-I- [4-hydroxy-3-(hydroxymethyl) phenyl]-2-[[6-(3
phenylpropoxy)hexyl]amino] ethanol,

2020

~O ' 0 crL~~~~.
HO 1-",. Lei

OH

OH

.D. 1-[4-[2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)phenyl]
ethoxy]- 3-(hydroxymethyl)phenyl]-2- [[6-(4-phenylbutoxy)
hexyl]amino]ethanol,

E. 1-[4-hydroxy-3-(hydroxymethyl)phenyl]-2-[[6-(I-methyl
3-phenylpropoxy)hexyl] amino] ethanol,

andenantiomer

F. (lRS)-1-(4-hydroxy-3-methylphenyl)-2-[[6-(4
phenylbutoxy)hexyl] amino] ethanol,

G. 1-[4-hydroxy-3-[[[2-hydroxy-2-[4-hydroxy-3
(hydroxymethyl)phenyl] ethyl][6-(4-phenylbutoxy)hexyl]
amino]methyl] phenyl]-2-[[6-(4-phenylbutoxy)hexyl]
amino]ethanol.

____________________ PhEur

Farmed Salmon Oil
(Ph. Eur. monograph 1910)

PhEur _

DEFINITION
Purified fatty oil obtained from fresh farmed Salmo salar.
The positional distribution (~(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
(C1S;4 n-3).

Content
- sum of the contents of EPA. and DHA (expressed as

triglycerides): 10,0 per cent to 28.0 per cent.

A suitable antioxidant may be added.
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1. C14:0 5. CIS:0 9. CIS:3 n-3 13. C20:4 n-3 17. C22:5 n-6
2. C16:0 6. CIS:l n-9 10. CIS:4 n-3 14. EPA IS. C22:5 n-3
3. C16:1 n-7 7. CIS:l n-7 11. C20:1 n-9 15. C22:1 n-ll 19. DHA
4. C16:4 n-l S. CIS:2 n-6 12. C20:4 n-6 16. C21:5 n-3

Figure 1910.-1. - Chromatogram for the composition offatty acidsin farmed salmonoil

PRODUCTION
The fish shall only be given feed with a composition that is
in accordance with the relevant European Union or other
applicable regulations.

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°C,
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.

IDENI1FICATION
Examine the l3C NMR spectra obtained in the assay for
positional distribution (~(2)-acyl) of fatty acids. The spectra
contain peaks between 172 ppm and 173 ppm with shifts
similar to those in the type spectrum (Figure 1910.-2).
The oil to be examined complies with the limits of this assay.

TESTS
Absorbance (2.2.25)
Minimum 0.10, measured at the absorption maximum
between 470 nm and 480 nm.

Dissolve 5.0 rnL in 5.0 rnL of trimethylpentane R.

Acid value (2.5.1)
Maximum 2.0.

Anisidine value (2.5.36)
Maximum 10.0.

Peroxide value (2.5.5, MethodA)
Maximum 5.0.

Unsaponifiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.
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3

I
173.0

I
172.5 172.0

I
ppm

1. ex. C18:4 2. ex. EPA 3. PC18:4 4. PEPA 5.ctDHA 6. pDHA

Figure 1910.-2. - HeNMR spectrum: carbonyl region of farmed salmon oil

-Lf3 x 100
cx+

(J. peak area of the corresponding o-carbonyl peak;
P peak area of p-carbonyl peak from C22:6 n-3, C20:5 n-3 or

C18:4 n-3, respectively.

System suitability:
- signal-to-noise ratio: minimum 5 for the smallest relevant

peak corresponding to r:J. C18:4 signal (in the range
8 172.95-172.99 ppm);

- peak width at half-height maximum 0.02 ppm for the
central CDCh signal (at 8 77.16 ppm).

Calculation of positional distribution (f3(2)-acyl) Use the
following expression:

Limits:
- cervonic (docosahexaenoic) acid (C22:6 n-3j DHA):

60 per cent to 70 per cent.
- timnodonic (eicosapentaenoic) acid (C20:5 n-3j EPA):

25 per cent to 35 per cent;
- moractic acid (Cl8:4 n-3): 40 per cent to 55 per cent.

EPA and DHA(2.4.29)
See Figure 1910.-1.

Shift range
(ppm)

172.05 - 172.09

172.43 - 172.47

172.52 - 172.56

172.90 - 172.94

172.56 - 172.60

172.95 - 172.99

Signal

pm-IA
ctDHA

PEPA

ctEPA

PC18:4

ctC18:4

Table 1910.-1. - Shift values

ASSAY
Positional distribution {~(2)-acyl) of fatty acids
Nuclear magnetic resonance spectrometry (2.2.33).

Apparatus High resolution FT-NMR spectrometer
operating at minimum 300 MHz.
Test solution Dissolve 190-210 mg of fresh salmon oil in
500 ul, of deuterated chloroform R. Prepare at least 3 samples
and examine within 3 days.

Acquisition of HeNMR spectra The following parameters
may be used:
- sweep width: 200 ppm (-5 to 195 ppm);
- irradiation frequency offset:. 95 ppm;
- time domain: 64 K;
- pulsedelay: 2 s;
- pulseprogram: zgig 30 (inverse gated, 30° excitation pulse);
- dummy scans: 4;
- numberof scans: 4096.

Processing and plotting The following parameters may be
used:
- size: 64 K (zero-filling);
- window multiplication: exponential;
- Lorentzian broadening factor. 0.2 Hz.

Use the CDCl3 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 8 171.5-173.5 ppm. Compare the
spectrum with the reference spectrum in Figure 1910.-2.
The shift values lie within the ranges given in Table 1910.-1.

Linoleic acid (2.4.29)
Maximum 11.0 per cent.

Identify the peak due to linoleic acid using the chromatogram
in Figure 1910.-1. Determine the percentage content by
normalisation.
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________---:..... PhEur

PhEur _

Time Mobile phase A Mobile phase B
(min) (per cent) (per cent)

0- 1 SO 50

1 - 31 SO -> 0 50 -> 100

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 210 nrn.

Injection 10 ul, of the test solution and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with saquinavirfor system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C and D.

Relative retention With reference to saquinavir (retention
time =about 17 min): impurity A =about 0.2;
impurity B = about 0.3; impurity C = about 0.5;
impurity D = about 0.9.

System suitability Reference solution (b):
- peak-to-valley 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
curve separating this peak from the peak due to
saquinavir.

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 B =0.5; impurity C = 2.5;

- impurities A, 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
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.05 per cent);

Solvent mixture waterfor chromatography R, acetonitrile R1
(47:53 VIV).

Test solution Dissolve 30.0 mg of the substance to be
examined in the solvent mixture, using sonication, 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 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
saquinavirfor system suitability CRS (containing ,
impurities A, B, C and D) in 1.0 mL of the solvent mixture
and sonicate for 2 min.

Reference solution (c) Dissolve 30.0 mg of saquinavir
mesilate CRS in the solvent mixture, using sonication, and
dilute to 100.0 mL with the same solvent.

Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationaryphase: spherical end-capped oetadecylsilyl silica gel

for chromatography R (3.5 urn),

Mobile phase:
- mobile phaseA: to 2.5 mL of strongsodium hydroxide

solution R add 900 mL of water for chromatography R,
adjust to pH 1.8 with perchloric acid R and dilute to
1000 mL with waterfor chromatography R;

- mobile phase B: mobile phase A, acetonitrile R1
(38:62 VIV);

149845-06-7767

CHARACTERS
Appearance
White or almost white, slightly hygroscopic powder.

Solubility
Practically insoluble in water, sparingly soluble in methanol,
slightly soluble in ethanol (96 per cent).

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison saquinavirmesilate CRS.

Saquinavir Mesilate

Action and use -
Protease inhibitor; antiviral (HIV).

STORAGE
In an airtight, well-filled container, protected from light,
under inert gas.

DEFINITION
(2S)-N1-[(lS,2R)-1-Benzyl-3-[(3S,4aS,8aS)-3-[(1,1

dimethylethyl)carbamoyl] oetahydroisoquinolin-2(lH)-yl] -2
hydroxypropyl] -2-[(quinolin-2-ylcarbonyl)
amino]butanediamide methanesulfonate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
It is considered that alkyl methanesulfonate esters are
genotoxic and are potential impurities in saquinavir 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~ ethyl and isopropyl methanesulfonate in
methanesulfonic acid, 2.5. 38. Methyl, ethyl and isopropyl
methanesulfonate in active substances and 2.5.39.
Methanesulfonyl chloride in methanesulfonic acid are available to
assist manufacturers.

(ph. Bur. monograph 2267)

TESTS
Specific optical rotation (2.2.7)
-42.0 to -35.0 (anhydrous substance).

Dissolve 0.25 g in anhydrous methanolR and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).
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- 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: not more than 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 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.

Injection 10 IlL of the test solution and reference
solution (c).

Calculate the percentage content of saquinavir mesilate from
the assigned content of saquinavir mesilate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A~ B~ C.
Otherdetectable impurities (thefollowing substances uiould, if
present at a sufficient leoel, be detected by one or other of the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities 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) I)~ E~ F~ G~ H.

A. (2S)-4-amino-4-oxo-2-[(quinolin- 2-ylcarbonyl)
amino]butanoic acid,

B. ethyl (2S)-4-amino-4-oxo-2-[(quinolin-2
ylcarbonyl)amino]butanoate,

f '\ .
H3C CH- 0)< 3

H OH H

H

C. (3S,4aS,8aS)-2-[(2R,3S)-3-amino-2-hydroxy-4
phenylbutyl]-N-(1,1-dimethylethyl) decahydroisoquinoline
3-carboxamide,

2020

D. (2R)-N1-[(lS,2R)-1-benzyl-3-[(3S,4aS,8aS)-3-[(1,1

dimethylethyl)carbamoyl]octahydroisoquinolin-2(lH)-yl]
2-hydroxypropyl]-2- [(quinolin-2-ylcarbonyl)
amino]butanediamide (2-epi:-saquinavir),

E. (3S)-4-[[(lS,2R)-1-benzyl-3-[(3S,4aS,8aS)-3-[(1,1
dimethylethyl)carbamoyl]octahydroisoquinolin-2(lH)-yl]
2-hydroxypropyl]amino]-4-oxo-3-[(quinolin-2-ylcarbonyl)
amino]butanoic acid,

F. N-[(1S)-2-[[(lS,2R)-I-benzyl-3-[(3S,4aS,8aS)-3-[(1,1
dimethylethyl)carbamoyl]oetahydroisoquinolin-2(1H)-yl]
2-hydroxypropyl]amino]-1-(cyanomethyl)-2-oxoethyl]
quinoline-2-carboxamide,

~
~ ~j. H

3C
CH

3

# 0 )L-CH3

r H0° H, ~H}-NH~ N • •
• N , N

o ~O H H OH H H

\
CH3

G. methyl (3S)-4-[[(IS,2R)-1-benzyl-3-[(3S,4aS,8aS)-3
[(1,I-dimethylethyl)carbamoyl] octahydroisoquinolin-2
(1H)-yl]-2-hydroxypropyl]amino]-4-oxo-3-[(quinolin-2
ylcarbonyl)amino]butanoate,
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PhEur _

____________________ PhEur

Dissolve 0.20 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in a mixture of 10 J!L of butylamine Rand 1 mL of
2-1Jropanol R and dilute to 10.0 mL with the mobile phase.

Reference solution (a) Dissolve 8.0 mg of (RS)-selegiline
hydrochloride CRS in a mixture of 10 ul, of butylamine R and
1 mL of2-1Jropanol 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: l = 0.25 m, 0 = 4.6 mm;
- stationary phase: cellulose derivative of silica gelfor chiral

separation R.

Mobilephase 2-1Jropanol R, cyclohexane R (0.2:99.8 VIV).

Flow rate 1 mlzrnin.
Detection Spectrophotometer at 220 nm.

Injection 20 J!L.

Relative retention With reference to (R)-se1egiline (retention
time = about 6 min): impurity E = about 0.9.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity E and (R)-selegiline; if necessary, adjust the
concentration of 2-propanol in the mobile phase.

Limit:
- impurity B: 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 mL of
butylamine R in 900 mL of water R, adjust to pH 6.5 with
acetic acid R and dilute to 1000.0 mL with waterR.

Testsolution Dissolve 20 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 50 mg of the substance to be
examined and 10 mg of butylparahydroxybenzoate 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 mobile phase.

Column:
- size: l =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 11m).

Mobilephase acetonitrile R1, butylammonium acetate buffer
solution (50:50 VIV).

Flow rate 1 mlJrnin.
Detection Spectrophotometer at 215 nm.

Injection 20 IlL.
Run time 1.7 times the retention time of selegiline.

Relative retention With reference to selegiline (retention
time =about 14 min): butyl
parahydroxybenzoate =about 0.8.

System suitability Reference solution (a):

14611-52-0223.7

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
amine hydrochloride.

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, slightly soluble in
acetone and in ethyl acetate.

mp
About 143 -c.
IDENTIFICATION
Carry out either tests A, B, D or tests B, C, D.
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.

H. N-[(3S)-I-[(1 S,2R)- I -benzyl-3- [(3S,4aS,8aS)-3- [(I ,1
dimethylethyl)carbamoyl]octahydroisoquinolin-2 (1H)-yl]
2-hydroxypropyl] -2,5-dioxopyrrolidin-3-yl]quinoline-2
carboxamide.

(Ph. Bur. monograph 1260)

SelegilineHydrochloride
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PhEur _

_________~ PhEur

7488-56-4

Selenium Sulfide
Selenium Disulphide

(Selenium Disulfide, Ph. Bur. monograph 1147)

s-s, 143.1

Action and use
Used in treatment of dandruff and seborrhoeic dermatitis of
the scalp.

Preparation
Selenium Sulfide Scalp Application

E. N-methyl-N-[(IS)-I-methyl-2-phenylethyl]prop-2-yn-l
amine,

CH3
I

O/\.
N,~ .

v I - ~ and enantiomer

" H CH3 CI

G. (2EZ)'-3-chloro-N-methyl-N-[(IRS)-I-methyl-2
phenylethyl]prop-2-en-l-amine.

DEFINmON
Content
52.0 per cent to 55.5 per cent of Se.

CHARACTERS
Appearance
Bright orange or reddish-brown powder.

Solubility
Practically insoluble in water.

IDENTIFICATION
A. Gently boil about 50 mg with 5 mL of nitric acidR for
30 min. Dilute to 50 mL with waterR and filter. To 5 mL of
the filtrate add 10 mL of waterRand 5 g of ureaR.Heat to
boiling, cool and add 1.5 mL of potassium iodide solution R.
A yellow or orange colour is produced which darkens rapidly
on standing. This solution is used in identification test B.

B. Allow the coloured solution obtained under
identification A to stand for 10 min and filter through
kieselguhr for chromatography R. 5 mL of the filtrate gives
reaction (a) of sulfates (2.3.1).

TESTS
Soluble selenium compounds
Maximum 5 ppm, calculated as Se.

To 109 add 100 mL of waterR, mix well, allow to stand for
1 h with frequent shaking and filter. To 10 mL of the filtrate
add 2 mL of a 115 gIL solution of anhydrous formic add R,
dilute to 50 mL with waterR and adjust to pH 2.0-3.0 with
an 115 gIL solution of anhydrous formic acidR. Add 2 mL of
a 5 gIL solution of 3,3'-diaminobenzidine tetrahydrochloride R.
Allow to stand for 45 min and then adjust to pH 6.0-7,0
with dilute ammoniaRl. 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

-resolution: minimum 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 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).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying at
60 DC at a pressure not exceeding 0.5 kPa for 3 h.

Sulfated ash (2.4.J4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.180 gin 50 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 perchloric acid is equivalent to 22.37 mg
of C13H1SCIN.

STORAGE
Protected from light.

IMPURITIES
Specified impurities E.

Other detectable 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 acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceuticaluse (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, B, C, D, G.

A. (2RS)-N-methyl-l-phenylpropan-2-amine ((RS)
metamfetamine),

B. (2R)-I-phenylpropan-2-amine (amfetamine),

C. (IRS,2SR)-2-amino-l-phenylpropan-l-01
(phenylpropanolamine),

H

~N'CH3 and enantiomerV H- CH3

H OHo NH2 and enantiomerV H"~CH3

D, N- [(1R)-1-methyl-2-phenylethyl]prop-2-yn-l-amine
(desmethylselegiline),
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_____________________ PhEur

PhEur -:- _

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.

D. To 1 mL of a 10 gIL solution of the substance to be
examined in a test tube, add 5 mL of a 20 g/L solution of
sodium periodate R. Heat on a water-bath and collect the
vapour on glass wool moistened with waterR and inserted in
the opening of the test tube. After heating for 5 min, transfer
the glass wool to a test tube containing 1 mL of a 15 gIL
solution of chromotropic acid, sodium saltRand 3 mL of
sulfuric acidR. Heat on a water-bath for 10 min. A violet-red
colour is produced.

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 not more intensely coloured
than reference solution BY6 (2.2.2~ Method II).

Specific optical rotation (2.2.1)
+ 14.0 to + 16.0 (dried substance).

Dissolve 2.50 g in dilute hydrochloric acidR and dilute to
25.0 mL with the same acid.

Ninhydrin-positive .ubstances
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 all solutions as described.

Solution A dilute hydrochloric acidRl 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.

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 to 250.0 mL with solution A.

Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (l00 ppm NH<tJ 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 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. 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.:

56-45-1105.1

420 run is not greater than that of a standard prepared at the
same time and in the same manner beginning at the words
"add 2 mL of an 115 gIL solution of anhydrous formic acidR"
and using 5 mL of selenium standard solution (l ppm Se) R
instead of 10 mL of the filtrate.

ASSAY
To 0.100 g add 25 mL ofjuming nitric acidR and heat on a
water-bath for 1 hi a small insoluble residue may remain.
Cool and dilute to 100.0 mL with waterR. To 25.0 mL of
this solution add 50 mL of waterR and 5 g of urea Rand
heat to boiling. Cool, add 7 mL of potassium iodide solution R
and 3 mL of starchsolution R. Titrate immediately with
0.1 M sodiumthiosulfate. Carry out a blank titration.

1 mL of 0.1 M sodium iJriosulfate is equivalent to 1.974 mg of
See

(Ph. Bur. monograph 0788)

Serine

DEFINITION
(2S)-2-Amino-3-hydroxypropanoic 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 colourless
crystals.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A~ B.

Second identification: A~ G, 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 to be
examined in a 1 per cent VIV solution of hydrochloric acidR
and dilute to 50 mL with the same solution.

Reference solution Dissolve 10 mg of serine CRS in a
1 per cent VIV solution of hydrochloric acidR and dilute to
50 mL with the same solution.

Plate TLC silica gelplate R.

Mobile phase glacial aceticacidR, waterR, butanol R
(20:20:60 VIVIV).

Application 5~.

Action and use
Amino acid.

www.webofpharma.com
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PhEur _

B. 2-aminoacetic acid (glycine),

99592-39-9

and enantiomer , HN03

500.8

Action and use
Antifungal.

compliance. See also5.10. Controlof impurities in substances for
pharmaceutical use) A, B~ C.

(Ph. Bur. monograph 1148)

C. (2S)-2-amino-3-(imidazol-4-yl)propanoic acid (histidine).
____________________ PhEur

Sertaconazole Nitrate

f=JY----NH NH2
HN /

...9 C0 2H

DEFINITION
(RS)-l- [2-[(7-Chloro-I-benzothiophen-3-yl)methoxy]-2-(2,4
dichlorophenyl)ethyl]-IH-imidazole nitrate.

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

CHARACTERS
Appearance
White or almost white powder.

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, B.

A. Melting point (2.2.14): 156 -c to 161 -c.
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 0.1 g in methanolR and dilute to
100 mL with the same solvent. Dilute 10 mL of this solution
to 100 mL with methanol R.

Spectralrange 240-320 urn.

Absorption maxima At 260 urn, 293 run and 302 nm.

Absorbance ratio A302/A293 = 1.16 to 1.28.
e. Infrared absorption spectrophotometry (2.2.24).

A. (2S)-2-aminopropanoic acid (alanine),

Calculation of percentagecontents:
- for any ninhydrin-positive substance detected at 570 run,

use the concentration of serine 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 run for
quantification.

Limits:
- any ninhydrin-positive substance: for each impurity,

maximum 0.2 per cent;
- total: maximum O.s 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 water R.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 10 mL of solution S to 15 mL with distilled 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 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 gin 10 mL of dilute
hydrochloric add 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 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 0.100 g in 3 mL of anhydrousformic acid R.
Add 30 mL of anhydrousacetic 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 10.51 mg of
C3H7N03 ·

STORAGE
Protected from light.

IMPURITIES
Other detectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to identify these impurities for demonstration of
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Preparation Dry the substances at 100-105 °C for 2 hand
examine as discs of potassium bromide R.

Comparison sertaconazole nitrate CRS.

D. Thin-layer chromatography (2.2.27).

Solvent mixture concentrated ammoniaR, methanol R
(l0:90 V/V).

Test solution Dissolve 40 mg of the substance to be
examined in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution (a) Dissolve 40 mg of sertaconazole
nitrateCRS in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution (b) Dissolve 20 mg of miconazole
nitrateCRS in reference solution (a) and dilute to 5 mL with
reference solution (a).

Plate TLC silica gel G plate R.

Mobilephase concentrated ammonia R, toluene R, dioxan R
(1:40:60 V/V/V).

Application 5 flL.
Development Over a path of 15 em.

Drying In a currentof air for 15 min.

Detection Expose to iodine vapour for 30 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 to
the principal spot in the chromatogram obtained with
reference solution (a).

E. About 1 mg 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 Y5 (2.2.2.7 Method II).

Dissolve 0.1 g in ethanol (96 per cent) R and dilute to 10 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 10.0 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 5.0 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 (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 mobile phase.
Dilute 1.0 mL of this solution to 50.0 mL with the mobile
phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 nun;
- stationary phase: nitrile silica gelfor chromatography Rl

(10 urn).

Mobilephase acetonitrile R1, 1.5 gIL solution of sodium
dihydrogen phosphate R (37:63 VIV).

Flow rate 1.6 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 20 flL.
Run time 1.3 times the retention time of sertaconazole.

Retention time Nitrate ion =about 1 min; miconazole =
about 17 min; sertaconazole = about 19 min.

Sertaconazole Nitrate 11-865

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

miconazole and sertaconazole.

Limits:
- impurities A, B, 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 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)
(0.05 per cent); disregard the peak due to the nitrate ion.

Water (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 0.400 gin 50 mL of a mixture of equal volumes of
anhydrous acetic acidR and methylethyl ketone R. Titrate with
0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

1 mL of 0.1 M perchloric acidis equivalentto 50.08 mg
of CZOH16CI3N304S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

and enantiomer

A. (lRS)-I-(2,4-dichlorophenyl)-2-(lH-imidazol-1-yl)
ethanol,

sY.Br

CI---eJ ..
B. 3-(bromomethyl)-7 -chloro-l-benzothiophen,

SYOH
CI---eJ

C. (7-chloro-l-benzothiophen-3-yl)methanol.
_____________________ PhEur
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PhEur _

Reference solution (a) Dissolve the contents of a vial of
sertraline for system suitability CRS (containing impurity G) in
1 mL of the solvent mixture.

Reference solution (b) Dilute 0.5 rnL of the test solution to
100.0 mL with the solvent mixture.

Column:
- size: l = 0.25 m, (2) = 4.6 rnrn;
- stationary phase: amylose derivative of silica gelfor chiral

separation R (5 urn).

Mobilephase Mix 30 volumes of hexaneRand 70 volumes
of a mixture of 1 volume of diethylamine R, 25 volumes of
2-propanol Rand 975 volumes of hexaneR.

Flow rate 0.4 mLimin.

Detection Spectrophotometer at 275 nrn.
Injection 20 ilL.

Run time Twice the retention time of sertraline.

Identification of impurities Use the chromatogram supplied
with sertraline 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 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 (a);

- signal-to-noise ratio: minimum 10 for the peak due to
sertraline in the chromatogram obtained with reference
solution (b).

Limit:
- impurity G: not more than 3 times the area of the

principal peak in the chromatogram obtained with
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 sertraline
impurity E CRS (mandelic acid) in the solvent mixture and
dilute to 25.0 rnL with the solvent mixture. 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 solvent mixture. Dilute 1 mL
of the solution to 50 rnL with the solvent mixture.

Column:
- size: l = 0.25 m, (2) =4.6 rnrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 per cent aqueous mobile
phases R (3 um),

Mobzle phase:
- mobile phaseA: dissolve 1.0 g of sodium laurilsulfate R in

800 rnL of waterfor chromatography R and add 200 mL of
acetonitrile 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 R; add 1.0 mL ofphosphoric
acidR and mix;

79559-97-0

• Hel

342.7

CI CI

H.HN-CH3
\

(Ph. Eur. monograph 1705)

Sertraline Hydrochloride

Action and use
Selective serotonin reuptake inhibitor; antidepressant.

Preparation
Sertraline Tablets

DEFINITION
(IS,4~-4-(3,4-DicbJorophenyl)-lV-methyl-l,2,3,4

tetrahydronaphthalen-Lamine hydrochloride.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, sparingly soluble or slightly soluble
in anhydrous ethanol, slightly soluble in acetone and in
2-propanol.

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 I 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 rnL with the solvent mixture.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sertraline hydrochloride CRS.

If the spectra obtained in the solid state show differences,
record new spectra using 10 gIL solutions in methylene
chloride R.

C. Dissolve 10 mg in 5 mL of anhydrous ethanol R and add
5 rnL of waterR. 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 test solution
immediately before use.

Solvent mixture diethylamine R, hexaneR, 2-propanol R
(1:40:60 VIVIV).

Test solution Dissolve 60.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.
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Flow rate 1 mlJmin.
Detection Spectrophotometer at 220 run.

Injection 10 JlL.
Identification of 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 peak due to benzoic acid.

Relative retention With reference to sertraline (retention
time =about 18 min): impurity E = about 0.2; benzoic
acid = about 0.3.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity E an~:;;~enzoic acid.

Limit:
- impurity E: not more than the area of the principal peak in

the chromatogram obtained with 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 the substance to be
examined into a 15 mL stoppered centrifuge tube, add
2.0 mL of methanolRand 0.20 mL of a 25 per cent solution
ofpotassium carbonate R and mix in a vortex mixer for 30 s.
Add 8.0 mL of methylene chloride R, stopper the tube 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 (a) Dissolve the contents of a vial of
sertraline for peak identification CRS (containing impurities
A, B, C and F) in 0.2 mL of methylene chloride R.

Reference solution (b) Dilute 1.0 mL of the test solution to
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 m, 0 = 0.5~ mm;
- stationary phase: polymethylphenylsz7oxane R (film thickness

1.0 urn).

Carrier gas heliumfor chromatography R.

Flow rate 9 mUmin.
Split ratio 1:10.

Temperature:

2020

Time
(min)

0-8

8-9

9 - 16

Column

Injection port

Detector

Mobile phase A
(per cent VIJI)

60

60 --> 10

10

Time
(min)

0-1

1 - 31

31- 39

Mobile phase B
(per cent VIV)

40

40 --> 90

90

Temperature
CC)
200

200 --> 260

260

250

280

Sertraline Hydrochloride II-867

Relativeretention With reference to sertraline (retention
time =about 24 min): impurity B = about 0.5; impurities C
and D =about 0.7; impurity A =about 1.05;
impurity F = about 1.1.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 15, 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 sertraline.

Limits:
- sum of impurities C and D: maximum 0.8 per cent;
- impurities A, H, F: for each impurity, maximum

0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.5 per cent;
- reporting threshold: 0.05 per cent (reference solution (b)).

Water (2.5.12)
Maximum 0.5 per cent, determined on 2.00 g.

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

ASSAY
Liquid chromatography (2.2.29).

Buffer solution To 28.6 mL ofglacialacetic acidR slowly
add, while stirring and cooling, 34.8 mL of triethylamine R,
and dilute to 100 mL with 'Water for chromatography R. Dilute
10 mL of this solution to 1000 mL with waterfor
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 sertraline
hydrochloride CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 5.0 mL of this solution to
100.0 mL with the mobile phase.

Column:
- size: 1= 0.15 rn, 0 = 3.9 mm.;
- stationary phase: end-eapped oetadecylsilyl silica gelfor

chromatography R (4: J..I.ID.);
- temperature: 30 DC.

Mobile phase methanolR, buffer solution, acetonitrile R
(15:40:45 V/V/V).

Flow rate 1.8 mlJmin.

Detection Spectrophotometer at 254: nm.

Injection 20 ur,
Run 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 sertraline hydrochloride CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B~ C, D~ E~ F, G.

Detection Flame ionisation.

Injection 1 ilL.

Identification of impurities Use the chromatogram supplied
with sertraline for peak identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C and. F.
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CI CI

and enantiomer

05-CH

'

QH
CI CI

A. (lRS,4SR)-4-(3,4-dichlorophenyl)-N-methyl-1,2,3,4
tetrahydronaphthalen-1-amine,

G. (lR,4R)-4-(3,4-dichlorophenyl)-N-methyl-1,2,3,4
tetrahydronaphthalen-l-amine (sertraline enantiomer).

and enantiomer

and enantiomer

____________________ PhEur

Sesame Oil

(ph. Bur. monograph 0433)
PhEur _

IDENfIFICATION
Firstidentification: A.
Secondidentification: B.

A. Composition of triglycerides (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.

TESTS
Acid value (2.5.1)
Maximum 0.5, determined on 10.0 g; maximum 0.3 if
intended for use in the manufacture of parenteral
preparations.

Peroxide value (2.5.5)
Maximum 10.0; maximum 5.0 if intended for use in the
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 g/L solution of
sulfurR in carbon disulfide R. Warm the mixture 'carefully
until the carbon disulfide is expelled, and immerse the tube

DEFINITION
Fatty oil obtained from the ripe seeds of Sesamum indicum L.
by expression or extraction. It is then refined. Improved
colour and odour may be obtained by further refining. It may
contain a suitable antioxidant.

CHARI\CTERS
Appearance
Clear, light yellow liquid, almost colourless.

Solubility
Praeticallyinsoluble in ethanol (96 per cent), miscible with
light petroleum.

Relative density
About 0.919.

Refractive index
About 1.473.

It solidifies to a butter-like mass at about -4 "C.

Refined Sesame Oil

C>xC0
2
H

H OH

CI

CI

o

cQ
QH

CI CI

C. (lRS,4RS)-4-(4-chiorophenyl)-N-methyl-1,2,3,4
tetrahydronaphthalen-1-amine,

B. (lRS,4RS)-N-methyl-4-phenyl-l,2,3,4
tetrahydronaphthalen-1-amine,

D. (lRS,4RS)-4-(3-chlorophenyl)-N-methyl-1,2,3,4
tetrahydronaphthalen-I-amine,

E. (2R)-hydroxyphenylacetic acid ((R)-mandelic acid),

F. (4R)-4-(3,4-dichlorophenyl)-3,4-dihydronaphthalen-1
(2H)-one,
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Figure 0433.-1. - Chromatogram for the composition of triglycerides in refined sesame oil

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).

Test solution Dilute 50.0 mg of the substance to be
examined to 10.0 mL with a mixture of equal volumes of
acetone R and methylene chloride R.

Reference solutions Dissolve 80.0 mg of triolein R in a mixture
of equal volumes of acetone R and methylene chloride R and
dilute to 50.0 mL with the same mixture of solvents. Prepare
5 reference solutions by dilution of this solution so as to
cover concentrations ranging from the disregard limit
(0.5 per cent) to the upper limit for Ol.L (30.0 per cent).

Plot the logarithm of the area of the peak due to triolein
against the logarithm of the concentration of triolein in the
reference solution:

Column 2 columns coupled in series:
- size of each column: I =0.25 m, 0 =4 mrn;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(4 urn).

Mobzle phase:
- mobile phase A: acetone R, methylene chloride R,

acetonitrile R (5:15:80 VIVIV);

- mobile phase B: acetone R, acetonitrile R, methylene chloride R
(20:20:60 VIVIV);

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent V/JI)

0-15 100 -> 75 0->25

15 - 25 75 25

25 -70 75 -> 0 25 -> 100

70 -75 0-> 100 100 -> 0

75 - 80 100 0

Flow rate 1.0 mlJmin.
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 suitability criterion:
- carrier gas: nitrogen R;
- flow rate: 0.7 Umin;
- evaporator temperature: 85°C;
- nebuliser temperature: 45°C.
Injection 20 ilL.
Identification of peaks Use the chromatograms obtained with
the reference solutions to identify the peak due to triolein;
identify the other peaks using the chromatogram shown in
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bp
About 59 -c.
It is non-flammable. '

It decomposes in the presence of Lewis acids; this
decomposition is inhibited by water in sufficient quantity.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Examine the substance in the gaseous state or in
the liquid state.

Comparison sevofiurane CRS.

TESTS
Acidity or alkalinity
Introduce 20.0 mL of the substance to be examined 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 bromocresol purple solution R.
Not more than 0.10 mL of 0.01 M sodium hydroxide or
0.60 mL of 0.01 M hydrochloric acid is 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).

Internalstandard methylalR.

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 ul, of the internal standard and mix
thoroughly.

Reference solution (a) Intreduce 2.0 mL of ethylene chloride R
into a screw-cap veal and immediately seal with a cap and
septum. Using a microsyringe, add about 20 ul, of the
substance to be examined. Record the quantity added, in
milligrams, of the substance to be examined (Mz). Then,
using a microsyringe, add about 20 ul, of the internal
standard. Record the quantity added, in milligrams, of the
internal standard (Ml ) .

Reference solution (b) sevofiurane for systemsuitability CRS
(containing impurities A and B). -

Reference solution (c) .Introduce 20.0 mL of ethylene
chloride R into a vial and seal with a cap and septum. Using a
microsyringe, add 20 ul, 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: l =30 m, 0 =0.32 mm;
- stationary phase: poly{(cyanopropyl) (phenyl))(dimethyl)

siloxane R (film thickness 3 urn).

Carrier gas heliumfor chromatography R.

Flow rate 1.0 mllmin.
Split ratio 1:20.

Temperature:

28523-86-6200.1

Action and use
General anaesthetic.

(Ph. Bur. monograph 2269)

Sevoflurane

Figure 0433.-1. The futty acids are designated as
linolenic (In), linoleic ~lt 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 to
the disregard limit (0.5 per cent). Assuming that the sum of
these percentage contents is 100 per cent, normalise the
percentage content of each. of the 8 triglycerides specified
below.

Composition of mglycerides:
- 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 to 9.0 per cent;
- OOL: 12.0 per cent to 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;
- POO: 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 mert 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 states:
- 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.

DEFINITION
1,1,1,3,3,3-Hexafluoro-2-(fiuoromethoxy)propane.

CHARACTERS
Appearance
Clear, colourless, volatile liquid.

Solubility
Slightly soluble in water, miscible with ethanol (96 per cent).

Relative density
About 1.52.

Time
(min)

Column 0 - 10

10 - 26

26 - 40

Injection port

Detector

Detection Flame ionisation.

Temperature
CC)
40

40 -> 200

200

200

225

www.webofpharma.com
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Injection 2 ul.; 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 seoofiurane 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 to sevoflurane (retention
time = about 6.6 min): impurity A = about 0.78;
impurity B = about 0.83; internal standard = about 1.35.

System suitability 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:

M1xR
M2

M~ mass of the internal standard in reference solution (a), in
milligrams;

M; mass of the substance to be examined in reference solution (a),
in milligrams;

R . ratio of the area of the peak due to sevoflurane to the area of
the peak due to the internal standard from the chromatogram
obtained with reference solution (a)..

Calculate the content of each impurity in the substance to be
examined, in parts per million, using the following
expression:

0.859 X R1 x 250

1.52 x FI

0.859 relative density of the internal standard;
1.52 relative density of sevoflurane;
R1 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;

FI relative response factor for reference solution (a).

Limits:
- impurity A: maximum 25 ppm;
- 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 ug/ml.,

Potentiometry (2.2.36, Method 1). 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 waterR. Carefully add 75 g of
sodiumhydroxideR and shake to dissolve. Cool to room
temperature and carefully add 225 mL of glacialacetic acid R
while stirring. Cool and add 300 mL of 2-propanol R. Dilute
with water R to 1000.0 mL. The apparent pH of this solution
is between 5.0 and 5.5.

Test solution 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 sodiumfluoride R, previously dried at 150°C for 4 h, in

Sevofiurane 11-871

waterR. Add 1.0 mL of 0.01 M sodium hydroxide and dilute
to 100.0 mL with water R.

Reference stock solutions Dilute the fluoride standard solution
(1000 ppm F) with water R to obtain solutions having known
concentrations of about 5 ug, 2 ug, 0.5 ug, and 0.2 ug of
fluoride per millilitre.

Reference solutions 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 mV.

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
polytetrafluoroethylene-coated magnetic stirring bar, and
immerse 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 10.0 mL 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 (2.5.12)
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.

Other detectable impurities (the fallowing substances would, if
present at a sufficient level, be detected by one or othercf 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 for pharmaceutical use) C.

A. 1,1,3,3,3-pentafluoro-2-(fluoromethoxy)prop-1-ene,

B. 1,1,1,3,3,3-hexafluoro-2-methoxypropane,

C. 1,1,1,3,3,3-hexafluoropropan-2-01.
______________________ Ph£ur
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Shellac
(ph. Bur. monograph 1149)

Action and use
Excipient.

PhEur _

DEFINITION
Purified material obtained from the resinous secretion of the
female insect Kerria lacca (Kerr) Lindinger (Laccifer lacca
Kerr). There are 4 types of shellac depending on the nature
of the treatment of crude secretion (seedlac): wax-containing
shellac, bleached shellac, dewaxed shellac and bleached,
dewaxed shellac.

Wax-containing 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
shellac) in anhydrous ethanol. When warmed it is sparingly
soluble or soluble in alkaline solutions.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Heat 0.25 g of the powdered substance (500)
(2.9.12) on a water-bath with 2 mL of dilutesodiumhydroxide
solution R for 5 min. Cool, add 5 mL of ethyl acetate Rand
slowly, with stirring, 2 mL of dilute acetic acid R. Shake and
filter the upper layer through anhydroussodiumsulfateR.

Reference solution Dissolve 6.0 mg of aleuritic acid R in
1.0 mL of methanolR, heating slightly if necessary.

Plate TLC silica gel F254 plate R.

Mobilephase acetic acid R, methanol R, methylene chloride R,
ethyl acetate R (1:8:32:60 VIVIVIV).

Application 10 ilL, as bands.

Development Twice over a path of 15 em.

Drying In air.

Detection Spray with anisaldehyde solution R, heat at
100-105 °C for 5-10 min and examine in daylight.

Results The chromatogram obtained with the test solution
shows several coloured zones, one ofwhich 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

2020

zone and below it several violet zones. Below the zone due to
aleuritic acid, there is a light blue zone (shellolic acid) 
accompanied by zones of the same colour but of lower
intensity. Other faint grey and violet zones may be visible.

B. Examine the chromatograms obtained in the test 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.l)
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 described 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 0.5 mL of
methylenechloride R and 0.5 mL of methanolR.

Reference solution Dissolve 2.0 mg of thymolphthalein R in
1.0 mL of methanol R.

Detection Examine in ultraviolet light at 254 nID; 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
brownish colour (colophony). Disregard any faint violet zone
at this level that does not show quenching before spraying
and heating.

Arsenic (2.4.2, lHethodA)
Maximum 3 ppm.

Introduce 0.33 g of the substance to be examined and 5 mL
of sulfuric acid R into a combustion flask. Carefully add a few
millilitres of stronghydrogen peroxide solution R and heat to
boiling until a clear,colourless solution 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 shellac and 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 bleached shellac and bleached,
dewaxed shellac at a temperature not exceeding 15°C.

LABELLING
The label indicates the type of shellac.
_____________________ PhEur
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Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJl)

0-3 75 25

3 - 26 75 -+ 30 25 -+ 70

26 - 38 30 70

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 230 r:un.
Injection 10!J.L of test solution (a) and reference
solutions (a), (b) and (c).

Application 10!J.L of the test solution and reference
solutions (b) and (c) as bands of 6 mrn.

Development Over 2/3 of the plate.

Drying At 100°C for about 15 min.

Detection. Expose to iodine vapour until the plate is light
brown and examine under ultraviolet light at 254 nm.

Retardation factors Citrate = about 0; impurity E = about
0.25; sildenafil =about 0.4.

System suitability Reference solution (c):
--the chromatogram shows 2 clearly separated zones.

Limit:
- impurityE: any zone due to impurity E is not more

intense than the principal zone in the chromatogram
obtained with reference solution (b) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Buffer solution Dissolve 2.72 g of potassium dihydrogen
phosphate R in 900 mL of waterfor 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 acetonitrile for chromatography R, mobile
phase A (10:90 VIV).

Test solution (a) Dissolve 25.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Test solution (b) Dilute 2.0 mL of test solution (a) to
50.0 mL with the solvent mixture.

Reference solution (a) Dissolve 2 mg of sildenafil
impurityA CRS in test solution (a) and dilute to 10.0 mL
with test solution (a). Dilute 1.0 mL of the solution to
20.0 mL with the solvent mixture.

Reference solution (b) Dissolve 5 mg of sildenafil for peak
identification CRS (containing impurity D) in the solvent
mixture and dilute to 10.0 mL with the solvent mixture.

Referencesolution (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 sildenafil
citrate CRS 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: 1= 0.25 m, 0 =4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 !J.ID).

Mobilephase:
- mobile phaseA: acetonitrile for chromatography R, buffer

solution (20:80 VIV);
- mobile phase B: buffer solution, methanol R1, acetonitrile for

chromatography R (20:20:60 VIVIV);

171599-83-0667

(Ph. Bur. monograph 2270)

Sildenafil Citrate

DEFINITION
5-[2-Ethoxy-5-[(4-methylpiperazin-1-yl)sulfonyl]phenyl]-I
methyl-3-propyl-1,6-dihydro-7H-pyrazolo [4,3-dJ pyrimidin-7
one dihydrogen 2-hydroxypropane-1,2,3-tricarboxylate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

Solubility
Slightly soluble in water' and in methanol, practically
insoluble in hexane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sildenafil citrate CRS.

TESTS
Impurity E
Thin-layer chromatography (2.2.27).

Solvent mixture concentrated ammonia R, water R, methanolR
(5:25:75 VIVIV).

Test solution Dissolve 35.0 mg of the substance to be
examined in 2.0 mL of the solvent mixture, with the aid of
ultrasound if necessary.

Reference solution (a) 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 solvent mixture.

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 10.0 mL with the solvent mixture.

Reference solution (c) Mix 1 mL of the test solution and
1 mL of reference solution (a).

Plate TLC silica gel F254 plate R (2-10 urn),

Mobilephase concentrated ammonia R, ethanol (96 per cent) R,
ethyl acetate R, methylene chloride R (1:20:30:50 VIVIV/V).

Action and use
Selective inhibitor of cyclic.GMP-specific phosphodiesterase
(Type V) with vasodilator action; treatment of erectile
dysfunction.

Preparations
Sildenafil.Tablets

SildenafilChewable Tablets

Sildenafil.Orodispersible Tablets

SildenafilOrodispersible Films

Sildenafil Powder for Oral Suspension

Sildenafil Injection
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Identification of impurities Use the chromatogram obtained
with reference solution (a) toidentify the peak due to .
impurity A; use the chromatogram supplied with sildenafil for
peak identification CRS and the chromatogram obtained with
reference solution (b) to identify the peak due to impurity D.
Relativeretention With reference to sildenafil (retention
time = about 16 min): impurity D = about 0.15;
impurity A = about 1.25.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

sildenafil and impurity A.
Calculation of percentage contents:
- correction factor. multiply the peak area of impurity D by

0.7;
- for each impurity, use the concentration of sildenafil in

reference solution (c).

Limits:
- impurities A, D: for each impurity, maximum

0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum. 0.5 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due to

citrate.

Water (2.5.12)
Maximum 2.5 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.1 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).

Calculate the percentage content of CZSH3SN601lS taking
into account the assigned content of sildenafil citrate CRS.

STORAGE
In airtight container.

IMPURITIES
Specified impurities A, D, E.

Otherdetectable impurities (the following substances would, if
present at a sufficientlevel, be detected by one or otherof the tests
in the monograph. They arelimited by 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 for pharmaceutical use) B, C, F, G.

A. 5-[2-ethoxy-5- [(4-methylpiperazin-1-yl)sulfonyl]phenyl] -1
methyl-3-(2-methylpropyl)-1,6-dihydro-7lf-pyrazolo[4,3
d]pyrimidin-7-one,

2020

B. 1-methyl-4-[[4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7
dihydro-1lf-pyrazolo [4,3-d] pyrimidin-5-yl)phenyl] sulfonyl]
piperazine l-oxide,

C. 5-[2-hydroxy-5-[(4-methylpiperazin-I-yl)sulfonyl]phenyl]
1-methyl-3-propyl-1 ,6-dihydro-7If-pyrazolo [4,3-d]
pyrimidin-7-one,

D. 4-ethoxy-3-(I-methyl-7-oxo-3-propyl-6,7-dihydro-1lf
pyrazolo [4,3-d]pyrimidin-5-yl)benzenesulfonic acid,

E. llf-imidazole,

F. 5-[2-ethoxy-5-(piperazin-I-ylsulfonyl)phenyl]-l-methyl-3
propyl-1 ,6-dihydro-71L-pyrazolo[4,3-d] pyrimidin-7-one,

G. 5,5 ,_[piperazin-1 ,4-diylbis [dioxo-X6-sulfanediyl(2-ethoxy
5, l-phenylene)]]bis (l-methyl-3-propyl-1 ,6-dihydro-7If
pyrazolo [4,3-d]pyrimidin-7-one).

____________________ PhEur
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FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevant control parameters for one or more
functions of the substance when used as 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 also represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics. can contribute
to the qualityof a medicinal productby improvingthe consistency
of the manufacturing process and the performance of the medicinal

DEFINITION
Content
99.0 per cent to 100.5 per cent of SiOz (ignited substance).

CHARACTERS
Appearance
White or almost white, light, fine, amorphous powder, with a
particle size of about 15 nm.

Solubility
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 (2.3.1).

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 nitric acidRand
30 mL of waterR and heat on a water-bath 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 water R.

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.

ASSAY
To the residue obtained in the test for loss on ignition add
0.2 mL of sulfuric acid R and sufficient ethanol (96 per cent) R
to moisten the residue completely. Add 6 mL of hydrofluoric
acid R and evaporate to dryness on a hot-plate at 95-105 "C,
taking care to avoid loss from sputtering. Wash down the
sides of the dish with 6 mL of hydrofluoric add R and
evaporate to dryness. Ignite at 900 ± 50 "C, allow to cool in
a desiccator and weigh.

The difference between the·mass of the final residue and the
mass of the residue obtained in the test for loss on ignition
gives the amount of SiOz in the quantity of the substance to
be examined used.

Colloidal Anhydrous Silica
(Ph. Bur. monograph 0434)

SiOz 60.1

Action and use
Excipient.

7631-86-9

productduring use. "Where control methods are cited, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used. Whereverresults for a particular characteristic are
reported; the controlmethod must be indicated.

The following characteristic may be relevant for colloidal
anhydroussilica used as glidant in tablets and capsules.

Specific surface area (2.9.26, Method 1)
Determine the specific surface area in the P/Po range of
0.05 to 0.30.
Sample outgassing 20 min at 160 "C.
___--'-- --'-- PhEur

Colloidal Hydrated Silica
(Ph. Bur. monograph 0738)

63231-67-4

Action and use
Excipient.

PhEur . _

DEFINITION
Colloidal hydrated silica produced by precipitation or
gelation process.

Content
98.0 per cent to 100.5 per cent of SiOz (Mr 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 dissolvesin hot 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 hydrochloric acid R and mix. Heat on
a water-bath for 30 min, stirring from time to time. Maintain
the original volume by adding dilute hydrochloric acidR.
Evaporate to dryness. Add to the residue a mixture of 8 mL
of dilutehydrochloric acid Rand 24 mL of water R. Heat to
boiling and filter under reduced pressure through a sintered
glass filter (16) (2.1.2). Wash the residue on the filter with a
hot mixture of 3 mL of dilute hydrochloric acid Rand 9 mL of
water R. Wash with small quantities of water R, combine the
filtrate and washings and dilute to 50 mL with waterR.

pH (2.2.3)
4.0 to 7.0.

Suspend 1.0 gin 30 mL of a 75 gIL solution of potassium
chloride R.

Water-absorption capacity
In a mortar, triturate 5 g with 5 mL of waterR, 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 100-105 "C.
The mass of the residue is not more than 10 mg.
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Chlorides (2.4.4)
Maximum 0.1 per cent.

Heat 0.5 g with 50 rnL of waterR on a water-bath for
15 min. Dilute to 100 mL with waterR and centrifuge at
1500 g for 5 min. Dilute lO mL of the supernatant to 15 m.L
with waterR.

Sulfates (2.4.13)
Maximum 1 per cent.

Dilute 2 mL of solution S to lOO mL with distilled waterR.

Iron (2.4.9)
Maximum 300 ppm.

To 2 mL of solution S add 28 mL of water R.

Loss on ignition.
Maximum 20.0 per cent, determined 011 0.200 g in a
platinum crucible by heating at 100-105 "C for 1 h and then
at 900 ± 50°C for 2 h.

ASSAY
To the residue obtained in the test for loss on ignition add
0.2 mL of sulfuric acid R 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 add R and
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 mass obtained in the
test for loss on ignition corresponds to the mass of SiOz in
the test sample.

_________________ PhEur

Hydrophobic Colloidal Anhydrous
Silica
(Ph. Bur. monograph 2208)

PhEur _

DEFINITION
Colloidal silicon dioxide partly alkylated for hydrophobation.

Content
99.0 per cent to lOLO per cent SiOz (ignited substance).

CHARACTERS
Appearance
White or almost white, light, fine, amorphous powder, not
wettable by water.

Solubility
Practically insoluble in water and mineral acids except
hydrofluoric acid. It dissolves slowly in 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
Chlorides (2.4.4)
Maximum 250 ppm.

To 1.0 g add 30 mL of methanol Rand 20 mL of dilute nitric
acidR. Heat on a water-bath for 15 min stirring frequently.
Cool, dilute to 50 mL with water R and filter. Dilute 10 mL
of the filtrate to 15 mL with water R.

2020

Water-dispersible fraction
Maximum 3.0 per cent.

Place 0.400 g in a 500 mL separating funnel, add 100 mL of
waterR and shake for 1 min. Allow to stand for 1 h. Allow
90 mL of the aqueous phase 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 avoid splashing. 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 crucible at 900 ± 50°C for 2 h. It is advisable to
place the crucible in a cold oven and then to heat up the
oven. Allow to cool in a desiccator before weighing.

ASSAY
To the residue obtained in the test for loss on ignition add
sufficient ethanol (96 per cent) R to moisten the residue
completely and 0.2 mL of sulfuric acidR. Add 6 mL of
hydrofluoric acidR and evaporate to dryness on a hot-plate at
about lOO °C, taking care to avoid loss from sputtering.
Wash down the sides of the platinum crucible with 6 mL of
hydrofluoric add R and evaporate to dryness. Ignite at
900 ±50 °C, allow to cool in a desiccator and weigh.

The difference between the mass of the residue obtained in
the test for loss on ignition and the mass of the final residue
gives the amount of SiOz in the quantity of the substance to
be examined.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant controlparameters for one or 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 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 manufacturing process and the-performance of the medicinal
product duringuse. W1zere control methods are cited, they are
recognised as being suitable for thepurpose) but othermethods can
also be used. W1zerever results for a particular characteristic are
reported, the control method must be indicated.
The following characteristic may be relevant for hydrophobic
colloidal silica usedasglidani in tablets and capsules.

Specific surface area (2.9.26, Method1)
Determine the specific surface area in the P/Porange of
0.05 to 0.30.

Sample outgassing 20 min at 160°C.
_____________________ PhEur

Dental..type Silica
(Ph. Bur. monograph 1562)

Action and use
Excipient.

PhEur _

DEFINITION
Amorphous silica (precipitated, gel or obtained by flame
hydrolysis) .
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Content
94.0 per cent to 100.5 per cent of SiOz (ignited substance).

CHARACTERS
Appearance
White or almost white, light, fine, amorphous powder.

Solubility
Practically insoluble in water and in mineral acids.
It dissolves in hydrofluoric acid and hot solutions of alkali
hydroxides.

IDENflFICATION
About 20 mg gives the reaction of silicates (2.3.1).

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.
Evaporate to dryness. Add to the residue a mixture of 8 mL
of dilute hydrochloric acid Rand 24 mL of water R. Heat to
boiling and filter under reduced pressure through a sintered
glass filter (16) (2.1.2);;, Wash the residue on the filter with a
hot mixture of 3 mL:'iQ;f dilute hydrochloric acid Rand 9 mL of
water R. Wash with small 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 =about 4 min.

Limit:
- chlorides: not more than the area of the corresponding

peak in the 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 water R and boil for 2 h. Allow to cool and
quantitatively transfer to a 50 mL graduated flask. Dilute to
50.0 mL with water R. Dilute 5.0 mL of the supernatant to
50.0 mL with water R and filter through a membrane filter
(nominal pore size 0.45 J.lII1).

Reference solution Dissolve 0.50 g of anhydrous sodium
sulfate Rand 0.062 g of sodium chloride R in waterRand
dilute to 1000.0 mL with waterR. Dilute 5.0 mL of the
solution to 50.0 mL with waterR.
Column:
- material: non-metallic;
- size: l =0.25 m, (2) = 4.6 mrn;
- stationary phase: suitable anion-exchange resin (30-50 1lID).

Mobilephase Dissolve 0.508 g of sodium carbonate Rand
0.05 g of sodium hydrogen carbonate R in waterR and dilute to
1000 mL with the same solvent.

Flow rate 1.2 mIJmin.
Detection Conductivity detector.

Injection 25 /lL.
Retention time Sulfates= about 8 min.

Limit:
- sulfates: 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).

Colloidal Silver 11-877

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 sulfuric acid R and a quantity of ethanol
(96 per cent) R sufficient to moisten the residue completely.
Add 6 mL of hydrofluoric acid R and evaporate to dryness at
95-105 °C, taking care to avoid loss from sputtering. Wash
the inside of the crucible with 6 mL of hydrofluoric acid R
and 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 mass obtained in the
test for loss on ignition corresponds to the mass of SiOz in
the test sample.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for one or more
functions of the substance when usedas an excipient (see chapter
5.15). Some a/the characteristics described in the Functionality
related characteristics section may also bepresent 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
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and the performance of the medicinal
productduring use. Where control 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. .

The following characteristic may be relevant for dental type silica
used as abrasive.

Specific surface area (2.9.26~ Method 1)
Determine the specific surface area in the PIPo range of
0.05 to 0.30.

Sample outgasing 60 min at 160°C.
_____________________ PhEur

Colloidal Silver for External Use
(Ph. Bur. monograph 2281)

Action and use
Antibacterial.

PhEur _

DEFINITION
Colloidal metallic silver containing protein.

Content
70.0 per cent to 80.0 per cent of Ag (dried substance).

CHARACTERS
Appearance
Green or bluish-black metallic shiny flakes or powder,
hygroscopic.
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PhEur _

______-------------- PhEur

STORAGE
In an airtight container.

DEFINITION
Content
99.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder or transparent,
colourless crystals.

Solubility
Very soluble in water, soluble in ethanol (96 per cent).

IDENTIFICATION
A. 10 mg gives the reaction of nitrates (2.3.1).

B. 10 mg gives the reaction of silver (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
solution R. The solution is blue. To 2 mL of solution S add
0.1 mL of phenol redsolution R. The solution is yellow.

Foreign salts
Maximum 0.3 per cent.

To 30 mL of solution S, add 7.5 mL of dilute hydrochloric
acidR, shake vigorously, heat for 5 min on a water-bath and
filter. Evaporate 20 mL of the filtrate to dryness on a water
bath and dry at 100-105 DC. The residue weighs a maximum
of2 mg.

Aluminium, lead, copper and bismuth
Dissolve 1.0 g in a mixture of 4 mL of concentrated
ammonia R and 6 mL of waterR. The solution is clear
(2.2.1) and colourless (2.2.2, Method II).

ASSAY
Dissolve 0.300 gin 50 mL of waterR, add 2 mL of dilute
nitric acid Rand 2 mL oifemc ammonium sulfate solution R2.
Titrate with 0.1 LV[ ammonium thiocyanate until a reddish
yellow colour is obtained.

1 mL of 0.1 M ammonium thiocyanate is equivalent to
16.99 mgof AgN03'

7761-88-8

Action and use
Antiseptic.

Preparations
Silver Nitrate Eye Drops

Silver Nitrate Solution

Silver Nitrate Sterile Solution

(Ph. Bur. monograph 0009)

AgN03 169.9

Silver Nitrate

ASSAY
Ignite 0.200 g of the substance to be examined at
650 ± 50 DC until the residue is white. Allow to cool, add
10 mL of a mixture of equal volumes of nitricacidRand
water R and boil for 1 min. Transfer the contents of the
crucible into a flask and titrate with 0.1 M ammonium
thiocyanate using 50 mg ferric sulfate R as indicator, until a
reddish-brown colour appears.

1 mL of 0.11H ammonium thiocyanate is equivalent to
10.79 mg of Ag.

Solubility
Freely soluble or soluble "inwater, practically insoluble in
ethanol (96 per cent) and in methylene chloride.

IDENTIFICATION
A. To 5 mL of the filtrate obtained in the test for alkalinity
(see Tests) add 0.05 mL of copper sulfate solution Rand 1 mL
of dilute sodium hydroxidesolution R. Shake. A violet colour
appears within 15 min.
B. To 1 mL of solution S (see Tests), add 2 mL of sodium
chloride solution R. A precipitate is formed which dissolves in
an exces of water.

C. Ignite 0.05 g,of the substance to be examined. Dissolve
the residue in 10 mL of nitricacid R. 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 water R and dilute to 50.0 mL with the same
solvent. Allow to stand for 5 min then shake vigorously.
Filter through a tared sintered-glass filter (16) (2.1.2) after
30 min.

A1ka1inity
To 40.0 mL of solution S add 10.0 mL of 0.05 M sulfuric
acid and 2.0 g of anhydrous sodium sulfate R. Shake and filter
several times if necessary. To 25.0 mL of the clear and
colourless solution add 0.1 mL of phenolphthalein solution R.
Not less than 1.5 mL of 0.1 M sodiumhydroxide is required
to change the colour of the indicator to pink.

Silver ions
To 0.50 g of the substance to be examined add 5 mL of
anhydrousethanol 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 to be examined in 100 mL of
water R. Transfer a part of the solution into a test tube.
When examined viewing horizontally the solution appears
clear and reddish-brown. When examined viewing vertically,
the solution appears turbid with a greenish-brown
fluorescence. To 5 mL of the solution add 5 mL of a
solution of 0.50 gIL sodium chloride R and mix by shaking for
1 minute. When examined viewing horizontally the solution
remains clear and reddish-brown.

\Vater insoluble substances
Maximum 1.0 per cent.

Wash the residue obtained on the filter during preparation of
solution S 5 times with 10 mL of waterR. Dry the filter to
constant mass at 100-105 DC. 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
all oven at 80°C.
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STORAGE
In a non-metallic container, protected from light.
_____________________ PhEur

Simeticone
(ph. Bur. monograph 1470)

xSiOz

20<n<400

8050-81-5

Action and use
Silicon dioxide analogue; defoaming agent.

PhEur _

DEFINITION
Mixture of c-trimethyleilyl-ro-methylpolyjoxy
(dimethylsilanediyl)].and silicon dioxide.

Simeticone is prepared by incorporation of 4 per cent to
7 per cent silica into poly(dimethylsiloxane) 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 dichlorodimethylsilane and
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 speettophotometry (2.2.24).

Preparation Thin films between plates of sodium chloride R.

Absorption maxima At 2964 cm'", 2905 cm'", 1412 cm",
1260 cm" and 1020 cm".

E. Heat 0.5 g in a test-tube over a small flame until white
fumes begin to appear. Invert the tube over a 2nd tube
containing 1 mL of a 1 gIL solution of chromotropic acid,
sodiumsalt R in sulfuric acid R so that the fumes reach the
solution. Shake the 2n d tube for about lOs and heat on a
water-bath for 5 min. The solution is violet.

C. The residue obtained in the test for silicaunder Assay
gives the reaction of silicates (2.3.1).

TESTS
Acidity
To 2.0 g add 25 mL of a mixture of equal volumes of
anhydrous ethanol R and etherR, previously neutralised to
0.2 mL of bromothymol bluesolution R1, and shake. Not more

Simeticone 11-879

than 3.0 rnL of 0.01 .LVI sodium hydroxide is required to
change the colour of the solution to blue.

Defoaming activity
Foaming solution Dissolve 5.0 g of docusate sodium R in 1 L
of waterR, warm to 50 °C if necessary.

Defoaming solution To 50 mL of methylethyl ketone R add
0.250 g of the substance to be examined, warm to not more
than 50°C with shaking.

Into a 250 mL cylindrical tube about 5 cm 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 ern.

Shake for lOs and record the time between the end of the
shaking and the instant the 1st 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 nm. The fluorescence is not more intense than that of a
solution containing 0.1 ppm of quinine sulfate R in 0.005 M
sulfuric acid 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 nm.
Calculate the corrected absorbance using the following
expression:

B-C

B absorbance at the absorption maximum between 250 nm and
270 nm;

C absorbance at 300 nm.

Volatile matter
Maximum 1.0 per cent, determined on 1.00 g by heating in
an oven at 150°C for 2 h. Carry 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 mLlmin and weigh the residue (silica).

Poly(dimethylsiloxane)
Infrared absorption spectrophotometry (2.2.24).

Testsolution Place about 50 mg (E) in a screw-capped
125 mL cylindrical tube, add 25.0 mL of toluene R, swirl
manually to disperse and add 50 mL of dilute hydrochloric
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(dimethylsiloxane)) into 100.0 rilL of toluene R. Prepare
the reference solution in the same way as for the test
solution, using 25.0 mL of the dimeticone solution obtained
above.
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Blank solution Shake 10 mL of toluene R with 1 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 em-I. Determine the absorbance of the band at
1260 cm".

Calculate the percentage content of poly(dimethylsiloxane)
using the following expression:

25xCxAMxl00

AEXE
AM absorbance of the test solution;
AE absorbance of the reference solution;
C concentration of the reference solution, in milligrams per

millilitre;
E mass of the substance to be examined, in milligrams.

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides information on characteristics that 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 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 to the tests described in the
mandatory part is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. W7zere control methods arecited, they are
recognised as beingsuitable for thepurpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.

Thefollowing characteristic may be relevant for simeticone used as
defoaming agent.

Defoaming activity
(see Tests).

B. Ignite; dense white fumes are evolved leaving a white
residue which is insoluble in hydrochloric acid.

TESTS
Acidity
Dissolve 15.0 g in a mixture of 15 mL of toluene and 15 mL
of butan-l-ol,previously neutralised to a 0.5% w/v solution of
bromophenol bluein ethanol (96%), and titrate with O.lM
ethanolic potassium 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 mnr' S-I, 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 well and filter through an
ignited silica crucible. Wash the residue thoroughly with
toluene, dry at 1050 and ignite to constant weight at 500 0

•

For dimeticone
Place 40 mg in a stoppered centrifuge tube, add 20 mL of
toluene and shake for 20 minutes. Filter and record the
infrared absorption spectrum, Appendix II A, of a O.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
band at the maximum at 1261 em" (7.93 um), Repeat the
operation using dimeticone EPCRS in place of the preparation
being examined.

______________----: PhEur
Simvastatin
(Ph. EUT. monograph 1563)

Simeticone for Oral Use
Action and use
Silicon dioxide analogue; defoaming agent.

Preparations
Simeticone Suspension for Infants

When activated dimethicone is prescribed or demanded,
Simeticone for Oral Use shall be dispensed or supplied.

o

CH3~
H~iH... H, --.OH

I .... H 0 0 H

I ···.HLCH3
, H3C

H' CH3 CH3

PhEur _

DEFINITION
(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
2,2-dimethylbutanoate. .

Action and use
HNfG Co-A reductase inhibitor; lipid-regulating drug.

Preparations
Simvastatin Tablets

Simvastatin Oral Suspension

79902-63-9418.6

CHARACTERISTICS
A viscous, grey, translucent liquid.

Immiscible with waterand with ethanol (96%); almost
completely soluble in toluene, leaving a residue of silica.

IDENTIFICATION
A. The infrared absorption spectrum of the supernatant liquid
obtained by centrifugation, Appendix II A, is concordant
with the reference spectrum of dimeticone (RS 381).

DEFINITION
Simeticone for Oral Use contains not less than 4.5% and not
more than 8.0% w/w of silica, SiOz, 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.
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Flow rate 0.4 mIJmin.

Detection Spectrophotometer at 238 nm and, for
impurity K, at 200 nm.

Autosampler Set at 8 "C.

Injection 5 ul, of test solution (a) and 'reference
solutions (a), (c) and (d).

Identification of impurities Use the chromatogram supplied
with simvastatin for system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B, C, D, E, F, G, I and J; use
the chromatogram obtained with reference solution (d) to
identify the 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 baseline of the peak due to impurity F and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity E; minimum 1.5, where Hp =height above the
baseline of 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 J.

Calculation of percentage contents:
- for impurity K, use the concentration of impurity K in

reference solution (d) and the peak areas recorded at
200 nm;

- for impurities other than K, use the concentration of
simvastatin in reference solution (a) and the peak areas
recorded at 238 om.

Limits:
- impurities E, F: for each impurity, maximum 0.5 per cent;
- sum of impurities A and I: maximum 0.4 per cent;
- impurity D: maximum 0.4 per cent;
- impurity Kat 200 nm: maximum 0.4 per cent;
- impurities B~ C: for each impurity, maximum 0.3 per cent;
- impurities G, J: for each impurity, maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 3.0 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
a desiccator under high vacuum at 60 "C for 3 h.

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

ASSAY
liquid cht6matography (2.2.29) as described in the test for
related substances with the following modifications.

AtIobile phase:

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.

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

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison simoastatin CRS.

TESTS
Appearanceofsolutlon
The solution is.clear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2~ Method II).

Dissolve 0.2 g in mii.~~nol R and dilute to 20 mL with the
same solvent. '1...

Specific optical rotation (2.2.7)
+ 285 to + 300 (dried substance).

Dissolve 0.125 g iniizc"etonitrile R and dilute to 25.0 mL with
the same solvent. ..

Related substances
liquid chromatography (2.2.29) Prepare the solutions
immediatelybefore use.

Solvent mixture acetonitrile R, waterR (50:50 VIV).
Testsolution (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.

Testsolution (b) Dilute 1.0 mL of test solution (a) to
10.0 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 solution (b) Dissolve 10.0 mg of simvastatin CRS
in the solvent mixture and dilute to 5.0 mL with the solvent
mixture. Dilute 1.0 mL of the solution to 10.0 mL with the
solvent mixture.

Reference solution (c) Dissolve 2 mg of simvastatin for system
suitability CRS (containing impurities A, B, C, D, E, F, G, I
and D in 1 mL of the solvent mixture.

Reference solution (d) Dissolve 4.0 mg of simvastatin
impurityK CRS in the solvent mixture and dilute to
100.0 mL with the solvent mixture. Dilute 1.0 mL of the
solution to 5.0 mL with the solvent mixture.

Column:
- size: l =0.15 m, (2) = 2.1 mm;
- stationary phase: end-capped extra-dense bonded octadecylsilyl

silica gelfor chromatography R (3.5 11m);
- temperature: 35 "C.
Mobz1e phase:
- mobile phase A: acetonitrile R1, 0.1 per cent VIV solution of

phosphoric acidR (40:60 VIV);
- mobile phase B: 0.1 per cent VIV solution of phosphoric

acid R, acetonitrile R1 (5:95 VIV);

Time
(min)

0-4

4-5

5 - 33

33 - 34

34 - 45

Mobile phase A
(per cent VIV)

100

100 -> 80

80 -> 60

60 -> 0

o

Mobile phase B
(per cent VIV)

o
0->20

20 -> 40

40 -> 100

100

www.webofpharma.com



ll-882 Simvastatin

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIV)

0-14 70 30

14 - 15 70 ~ 0 30 ~ 100

15 - 20 0 100

Injection Test solution (b) and reference solution (b).

Calculate the percentage content of C25H380S taking into
account the assigned content of simvastatin CRS.

STORAGE
Protected from light. If no antioxidant is present, store under
nitrogen, in an airtight container.

IMlPURITIES
Specified impurities A, B~ C, D~ E, F~ G, I~ J, K.

Other detectable impurities (the following substances uiould; if
present at a sufficient leoel, be detected by one or other of the tests
in the monograph. They are limited by the generalacceptance
criterionfor other/unspecifiedimpurities and/or by the general
monograph Substancesfor pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substancesfor pharmaceutical use) H~ NI, N.

A. (3R,5R)-7-[(lS,2S,6R,8S,8aR)-8-[(2,2
dimethylbutanoyl)oxy]-2,6-dimethyl-l,2,6,7,8,8a
hexahydronaphthalen-l-yl] -3,5-dihydroxyheptanoic acid
(tenivastatin),

B. (lS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-(acetyloxy)-6
oxooxan-2-yl]ethyl]-3,7-dimethyl-l,2,3,7,8,8a
hexahydronaphthalen-l-yl 2,2-dimethylbutanoate,

c. (lS,3R,7S,8S,8aR)-3,7-dimethyl-8-[2-[(2R)-6-oxo-3,6
dillydro-2H-pyran-2-yijethyl]-1,2,3,7,8,8a
hexahydronaphthalen-I-yl 2,2-dimethylbutanoate,

2020

H3C~H3
CHs CHj.;j

o H 0 H····
o HO..... 0 ....

9Hs . 0 .. H.... j
H : H H~ HO ~

I H H H .
.... 0 0 ... H

I ····Hy~ . HsC

~CHs
: HsC

H'" CHs CHs

D. (2R,4R)-2-[2-[(lS,2S,6R,8S,8aR)-8-[(2,2
dimethylbutanoyl)oxy]-2,6-dimethyl-l,2,6,7,8,8a
hexahydronaphthalen-l-yl] ethyl]-6-oxooxan-4-yl (3R,5R)
7-[(lS,2S,6R,8S,8aR)-8-[(2,2-dimethylbutanoyl)oxy]-2,6
dimethyl-I,2,6,7,8, 8a-hexahydronaphthalen-l-yl] -3,5
dihydroxyheptanoate,

o

CH3~
H~!H H..... ....OH

I H 0 0 H

I "'L'H ..' CHs
," HsC'

Ho' CHs H

E. (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 (2S)-2-methylbutanoate (lovastatin),

o

CH3~
Hl¢iH/ H.... ..··OH

I .... H 0 0 H

I -, y~
. ·: ....~CH3

H/ CH3 CH3

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),

o

CH3~
H~iH/ H.... ....OH

I .... H 0 0 H

I ... :c-
.H ::?,CH

2
: H3C

H: CHs CH3

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
l-yI2,2-dimethylbut-3-enoate,
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o

CH3 . o~

Hl(!:H"'~'_OHI .... H OH H

I.... <, H and epimerat C*

H CH3

and epimer at CO'

H. (4RS,6R)-4-hydroxy-6-[2-[(lS,2S,6R,8S,8aR)-8-hydroxy
2,6-dimethyl-l ,2,6,7,8,8a-hexahydronaphthalen-l-yl]ethyl]
oxan-2-one,

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.

____________________ PhEur

Sitagliptin Phosphate
Monohydrate
(Ph. Bur. monograph 2778)

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

PhEur _

654671-77-9523.3

DEFINITION
(3R)-3-P.urcino-l-[3-(trifiuoromethyl)-5,6Fdihydro[1,2,4]
triazolo [4,3-a]pyrazin-7 (8H)-yl] -4-(2,4,S-trifiuorophenyl)
butan-l-one phosphate monohydrate.

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 anhydrous ethanol,
practically insoluble in heptane.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sitagliptin phosphate monohydrate 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.

B. Enantiomeric purity (see Tests).

C. Dissolve 0.200 g in waterR and dilute to 5.0 mL with the
same solvent. The solution gives reaction (a) of phosphates
(2.3.1).

Action and use
Dipeptidylpeptidase-4 inhibitor; treatment of diabetes
mellitus.

Preparation
Sitagliptin Tablets

M.ethyl (3R,5R)-7-[(lS,2S,6R,8S,8aR)-8-[(2,2
dimethylbutanoyl)oxy]-2,6-dimethyl-l,2,6,7,8,8a
hexahydronaphthalen-l-yl] -3,5-dihydroxyheptanoate,

K. (lS,3S,4aR,7S,8S,8aS)-8-[2-[(2R,4R)-4-hydroxy-6
oxooxan-2-yl] ethyl]-3,7-dimethyl-l,2,3,4,4a,7,8,8a
oetahydronaphthalen-l-yl 2,2-dimethylbutanoate,

J. (lS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-methoxy-6-oxooxan
2-yl] ethyl]-3,7-dimethyl-l ,2,3,7,8,8a
hexahydronaphthalen-l-yl 2,2-dimethylbutanoate,

1. (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 2-methylpropanoate,
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11-884 Sitagliptin Phosphate Monohydrate

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.

Solvent mixture waterR, methanol R (10:90 VIV).

Testsolution Dissolve 80 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 solution (b) Dissolve 8 mg of sitagliptin containing
impurity A CRS in 1 mL of the solvent mixture.

Column:
- size: I = 0.25 m, (2) = 4.6 mm;
- stationary phase: amylose derivative of silica gelfor chiral

separation R (5 11m);
- temperature: 35 "C.

Mobile phase water R, diethylamine R, heptane R, anhydrous
ethanol R (1:1:400:600 VIVIVIV).

Flow rate 0.8 mIJrnin.

Detection Spectrophotometer at 268 nm.

Injection 10 ilL.

Run time 1.6 times the retention time of sitagliptin.

Identification of impurities Use the chromatogram supplied
with sitagliptin containing impurity A CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity A.

Relativeretention With reference l\;l sitagliptin (retention
time = about 15 min): imparity A = about 0.9.

System suitabz1ity 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 acetonitrile Rl, 0.1 per cent VIV solution of
phosphoric acidR (5:95 VIV)o

Testsolution Dissolve 25.0 mg of the substance to be
examined in the 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 solvent mixture and dilute
to 250.0 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 solvent mixture.
Reference solution (c) In order to prepare the fumarate
adduct in situ, heat 1 mL of waterR, 1 mg of sodium stearyi
fumarate Rand 10 mg of the substance to be examined in a
tightly closed vial at 80 "C for about 30 h. Dilute to
100.0 mL with the solvent mixture and stir for 1 h.
Centrifuge a portion of the solution and use the clear
supernatant.

Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: end-capped cyanosilyl silica gelfor

chromatography R (5 um);
- temperature: 30 "C.

2020

Mobz7e phase Mix 15 volumes of acetonitrile Rl and
85 volumes of a 1.36 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 2.0 with phosphoric
acidR.
Flow rate 1.0 ml.zmin.

Detection Spectrophotometer at 205 nm.

Injection 20 ul, 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 sitagliptin (retention
time = about 5.5 min): fumarate adduct = about 1.2.

Systemsuitability Reference solution (c):
- resolution: minimum 1.5·between the peaks due to

sitagliptin and the fumarate adduct.

Calculation of percentage contents:
- for each impurity, use the concentration of sitagliptin in

reference solution (b).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
-total:maximum 05 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
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 C1JIlSF6N sOsP taking
into account the assigned content of sitagliptin phosphate
monohydrate CRS.

IMPURITIES
Specified impurities A.
Otherdetectable impurities (thefollowing substances uiould, if
present at a sufficient leoel, 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 identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B., C.

A. (3~-3-arnino-l-[3-(trifluoromethyD-5,6-dihydro[I,2,4]

triazolo[4,3-a]pyrazin-7(8H)-yl]-4-(2,4,5-trifluorophenyl)
butan-l-one,
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B. (3R)-3-amino-4-(2,5-difluorophenyl)-I-[3
(trifluoromethyl)-5,6-dihydro[1,2,4] triazolo [4,3-a]pyrazin
7 (8H)-yl]butan-l-one,

C. (3R)-3-amino-4-(2,4-difluorophenyl)-1-[3
,(triflu<;>romethyl)-5,6-dihydro[1,2,4] triazolo [4,3-a] pyrazin

--7(8IiY~yl]butan-l-one.
~ PhEur

Soft Soap
Preparation
Soap Spirit

DEF1NITION
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 waterand in ethanol (96%).

TESTS
Chlorides and other ethanol-insoluble substances
Dissolve 5 g in 100 mL of hot ethanol (96%) previously
neutralised to phenolphthalein solution 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 phenolphthalein solution Rl, allow to cool to 70°
and neutralise, if necessary, with O.IMsodium 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
to 70° and, if the solution is not pink, titrate at 70° with O.IM
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
barium chloride solution previously neutralised to
phenolphthalein solution Rl,mix thoroughly and titrate with
O.lM hydrochloric acid VS until the pink colour disappears;
not more than 1.0 mL is required.

T otal free alkali
To 100 mL of the neutral 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.

Soft Soap 11-885

Add immediately 3 mL of O.5M sulfuric acid VS and boil
under a reflux condenser on a water bath for at least
10 minutes. If the solution is not pink, cool to 70° and titrate
with 1M sodium 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 gin 80 mL of a mixture of 50 mL of ethanol
(96%) and 100 mL of water, 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 etherand pour the three 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 the water. Repeat the washing
with waterin 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 water,
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 wateruntil the
alkali washing remains clear on acidification. Finally wash
with successive 20 mL quantities of water until the washings
do not give a pink colour with phenolphthalein solution Rl.
Transfer the ether solution to a tared flask and remove the
ether. When nearly all the ether has evaporated, add 3 mL of
acetone. 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 THE FATTY ACIDS
OBTAINED IN THE ASSAY
Acid value
Not more than 205, Appendix X B, when determined 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 monochloride methods, 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.

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 the
solidifying point of the fatty acids. When reading the
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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 acetic anhydride, 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 acid and water adjacent 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 sulfuric 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 hydsoxide.

C~CTEFUST1CS

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.

IDENfIFICATION
A. When moistened with hydrochloric.acidand introduced on
a platinum wire into a flame, imparts a yellow colour to the
flame.

B. A solution in 1M aceric acid yields reaction C characteristic
of calcium salts, Appendix VI.

C. A suspension in water is strongly alkaline to litmuspaper.

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
20 em 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 rom in diameter, and shake on the
mechanical sieve shaker for 30 minutes. Remove the steel
balls, transfer the 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

2020

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
\Vhen dried to constant weight at 105°, loses 14.0 to 21.0%
of its weight. Use 1 g.

Moisture absorption
Place 10 g in an open glass dish about 50 mm in diameter
and 30 mm high in a desiccator over sulfuric acid (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 the bung to
produce a bed of mesh about 10 em deep and press a closely
fitting disc of stainless steel gauze of nominal mesh aperture
about 500 urnon top of the nylon mesh so that its surface is
at right angles to the axis of the tube. Introduce 59.8 to
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 to a drying tube packed with anhydrous calcium
chloride and then to a carbon dioxide analyser sufficiently
sensitive to detect 0.2% vlv of carbon dioxide.
A katharometer, calibrated for carbon dioxide and preferably
used in conjunction with a chart 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 are available
commercially. Assemble the apparatus described above and
pass the gas mixture downwards into the absorption tube at a
rate of 900 em" per minute until such time that thegas
analyser shows the content of carbon dioxide in the effluent
gas to have risen to 0.2% v/v. Steps should be taken to vent
the effluent gas if an oxygen-carbon dioxide mixture is being
used. Record the time taken, t, in minutes. The activity of
the soda lime is given, in minutes, by the expression tpl5.
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PhEur _

DEFINITION
Sodium ethanoate trihydrate.

Content
99.0 percentto 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or ahnost white, crystalline powder or colourless
crystals.

Solubility
Very soluble in water, soluble in ethanol (96 per cent).

IDENTIFICATION
A. 1 mL ofsolution S (see Tests) gives reaction (b) of
acetates (2.3.1).

B. 1 mL of solution S gi-,;~es reaction (a) of sodium (2.3.1).

e. Loss on drying (see Tests).

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~ Method II).

pH (2.2.3)
7.5 to 9.0.

Dilute 5 mL of solution S to 10 mL with carbon dioxide-free
water R.

Reducing substances
Dissolve 5.0 gin 50 mL of waterR, then add 5 mL of dilute
sulfuric acidRand 0.5 mL of 0.002 M potassium
permanganate. The pink colour persists for at least 1 h.
Prepare a blank in the same manner but without the
substance to be examined.

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.

Dilute 7.5 mL of solution S to 15 mL with distilled waterR.

Aluminium (2.4.17)
Maximum 0.2 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 by the addition of 1 M hydrochloric acid
(about 10 mL).

144-33-2

Sodium Acid Citrate
Disodium Hydrogen Citrate

C6H6Naz07,1JhHzO 263.1

Action and use
Anticoagulant.

Reference solution .Mix 2 mL of aluminium standard solution
(2 ppm AD R, 10 mL of acetate buffersolution 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 waterR.

Arsenic (2.4.2, Method A)
Maximum 2 ppm, determined on 0.5 g.

Calcium and magnesium
Maximum 50 ppm, calculated as Ca.

To 200 mL of waterR add 10 mL of ammonium chloride
buffersolution pH 10.0 R, 0.1 g of mordantblack 11 triturate R,
2.0 mL of 0.05 M zinc chloride and, dropwise, 0.02M sodium
edetate until the colour changes from violet to blue. Add to
the solution 10.0 g of the substance to be examined and
shake to dissolve. Titrate with 0.02 M sodium edetate until the
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 10 mL of solution S.

Loss 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 latter is cold.

DEFINITION
Sodium Acid Citrate contains not less than 98.0% and not
more than 104.0% of C6H6Na207,1 Y2 H20.

C~CTEFUSTICS

A white powder.

Freely soluble in water; practically insoluble in ethanol (96%).

IDENTIFICATION
Yields the 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.

ASSAY
Dissolve 0.250 gin 50 mL of anhydrous acetic acidR, add
5 mL of acetic anhydride R, mix and allow to stand for
30 min. Using 0.3 mL of naphtholbenzein solution R as
indicator, titrate with 0.1 M perchloric aciduntil a green
colour is obtained.

1 mL of 0.1 M perchloric acid is equivalent to 8.20 mg
of C2H3Na02'

STORAGE
In an airtight container.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of dialysis solutions.
____________________ PhEur

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

6131-90-4136.1

(Ph. Eur. monograph 0411)

Sodium Acetate Trihydrate

Action and use
Used in solutions for dialysis; excipient.

Preparation
Sodium Acetate Sterile Concentrate
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Time Mobile phase A Mobile phase B
(min) (per cent VIJi') (per cent VIJ!)

0-3 100 a
3 - 18 100 -> 50 a -> 50

18 - 28 50 -> a 50 -> 100

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium alendronate trihydrate CRS.

B. Loss on drying (see Tests).

C. It gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free water R prepared from
distilled waterR and dilute to 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.

Solution A Dissolve 29.4 g of sodium citrate R in waterRand
dilute to 1.0 L with the same solvent.

Solution B Dissolve 19.1 g of disodium tetraborate R in
waterR· and dilute to 1.0 L with the same solvent.

Solution C Prepare immediately before use. Dissolve 0.200 g of
(9-fiuorenyl)methyl chloroformate R in acetonitrile R and dilute
to 50.0 mL with the same solvent.

Buffer solution Dissolve 2.84 g of anhydrous disodium
hydrogen phosphate Rand 5.88 g of sodium citrate R in 1.9 L
of waterR, adjust to pH 8.0 with either phosphoric add R or a
42 gIL solution of sodium hydroxide R and dilute to 2.0 L
with waterR.
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 polypropyiene
screw-cap centrifuge tube containing 5 mL of solution B.
Add 5 mL of acetonitrile Rand 5 mL of solution C. Shake for
45 s and allow to stand at room temperature for 30 min.
Add 20 mL of methylene chloride R and shake vigorously for
1 min. Centrifuge for 5-10 min and use the clear upper layer.

Reference solution (a) Dissolve 15 mg of 4-aminobutanoic
acid R (impurity A) in solution A and dilute to 100 mL with
solution A. Dilute 10 mL of the solution to 50 mL with
solution A. Take 5 mL of this solution all.d.''proceed as
described for the test solution, starting from 'to a 50 mL
polypropylene screw-cap centrifuge tube'.

Reference solution (b) Dissolve 3 mg of sodium alendronate for
system suitability CRS (containing impurity D) in solution A
and dilute to 5 mL with solution A. Take this solution and
proceed as described for the test solution, starting from 'to a
50 mL polypropylene screw-cap centrifuge tube'.

Blank solution 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: l = 0.25 m, 0 =4.1 mID;
- stationary phase: styrene-divinylbenzene copolymer R

(10 urn);
- temperature: 45°C.

Mobile phase:
- mobile phase A: acetonitrile R, buffer solution (15:85 V/V);
- mobile phaseB: buffer solution, acetonitrile R (30:70 V/V);

121268-17-5325.1CJflZNNa07Pz,3HzO
PhEur _

Arsenic
0.50 g dissolved in 25 mL of water complies with the limit test
for arsenic, Appendix vn (2 ppm).

Chloride
Dissolve 1.0 gin 100 mL of water. 15 mL of the resulting
solution complies with the limit testfor chlorides, Appendix VII
(330 ppm).

Oxalate
Dissolve 1.0 g in 4 mL of water, add 3 mL of hydrochloric
acid and 1 g of granulated zinc and heat on a water bath for
1 minute. Allow to stand for 2 minutes, decant the liquid
into a test tube containing O.25mL of a 1% w/v solution of
phenylhydrazine hydrochloride and heat to boiling. Cool
rapidly, transfer to a graduated measuring cylinder, add an
equal volume of hydrochloric acid and 0.25 mL ofpotassium
hexacyanoferrate(IlI) solution, shake and allow to stand for
30 minutes. Any red colour produced is not more intense
than that produced by treating in the same manner 4 mL of
a 0.005% w/v solution of oxalic acid (150 ppm, calculated as
anhydrous oxalic acid).

Sulfate
Dissolve 0.50 gin 57 mL ofwaterand add 3 mL of
2M hydrochloric acid. 15 mL of the resulting solution complies
with the limit testfor sulfa~s, Appendix VII (0.12%).

Readily carbonisable substances
Heat 1.0 g, in powder, with 10 mL of sulfuric acidfor
30 minutes in a water bath protected from light. Not more
than a pale brown colour is produced.

ASSAY
Heat 2 g until carbonised, cool and boil the residue with
50 mL each of waterand O.5M hydrochloric acid VS. Filter,
wash the filter with waterand titrate the excess of acid in the
filtrate and washings with O.5M sodium hydroxide VS using
methyl orange solution as indicator. Each mL of O.5M
hydrochloric acid VS is equivalent to 65.78 mg of
C6H6Naz07,1 V2HzO.

Sodium Alendronate

(Ph. Bur. monograph 1564)

Sodium Alendronate Trihydrate

DEFINITION
Monosodium trihydrogen (4-amino-l-hydroxybutylidene)
bisphosphonate trihydrate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water, practically insoluble in methanol and in
methylene chloride.
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Flow rate 1.8 mIJmin..
Detection Spectrophotometer at 266 nrn..
Injection 20!1L of the test solution, reference solutions (a),
(b) and the blank solution.

Identification ofimpuni:ies Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A; use the chromatogram supplied with sodium
alendronate for system suitabilityCRS and the chromatogram
obtained with reference solution (b) to identify the peak due
to impurity D.

Relative retention With reference to alendronate (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:
- correction factor. for the calculation of content, multiply the

peak area of impUrity A by 0.4;
- impurityA: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent; _
- total: maximnmIl.S per cent;
- reporting threshold: 0.05 per cent.

Impurities B and C
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in water R and dilute to 25.0 mL with the same
solvent.

Reference solution (a) Dissolve 50.0 mg of sodium alendronate
trihydrate CRS in waterR and dilute to 25.0 mL with the
same solvent.

Reference solution (b) Dissolve 3.0 g of phosphoric acidR in
water R 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 the 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, 0 = 4.6 mm;
- stationary phase: anion-exchange resin Rl (7 urn);
- temperature: 35 DC.

Mobilephase Mix 0.2 mL of anhydrous formic acidR with 1
L of waterR; adjust to pH 3.5 with 2 M sodium hydroxide R.

Flow rate 1.2 mUmin.
Detection Differential refractometer.

Injection 100 J.!L of the test solution and reference
solutions (b), (c) and Cd).

Run time Twice the retention time of alendronate.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity B; use the chromatogram obtained with reference
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.

Sodium Alginate II-889

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 DC.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
impurities B and C with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of C4H12NNa07P2 taking
into account the assigned content of sodium alendronate
trihydrate CRS.

IMPURITIES
Specified impurities A, B, C.
Other detectable 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 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.

A. 4-aminobutanoic acid (y-aminobutyric acid),

B. phosphate,

C. phosphite,

D. unknown structure.
_____________________ PhEur

Sodium Alginate
(Ph. Bur. monograph 0625)

Action and use
Excipient.

Preparations
Alginate Raft-forming Oral Suspension

Compound Alginate Antacid Oral Suspension

PhEur _

DEFINITION
Sodium alginate consists mainly of the sodium salt of alginic
acid, which is a mixture of polyuronic acids [(C6Hs06)n]
composed of units of D-mannuronic acid and L-guluronic
acid. Sodium alginate is obtained mainly from algae
belonging to the Phaeophyceae.

CHARACTERS
Appearance
White or pale yellowish-brown powder.

Solubility
Slowly soluble in water forming a viscous, colloidal solution,
practically insoluble in ethanol (96 per cent).

IDENTIFICATION
A. Dissolve 0.2 g with shaking in 20 mL of waterR.
To 5 mL of this solution add 1 mL of calcium chloride
solution R. A voluminous gelatinous mass is formed.
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_____________________ PhEur

PhEur _

737-31-5636

(Ph. Bur. monograph 1150)

Action and use
Iodinated contrast medium.

Sodium Amidotrizoate

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 DC with decomposition.

IDENfIFICATION
First identification: A, D.
Second identification: B, C, D.

A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with sodium
amidotrizoate CRS. Dry both the substance to be examined
and the reference substance at 100 "C to 105 DC 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 the principal spot in the chromatogram obtained with
reference solution (b).

C. Heat 50 mg gently 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 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 theyalso represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute

. to the quality of a medicinal productby improving the consistency
of the manufacturing process and the performance of the medicinal
productduring use. W'here control methods are cited, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used. W'herever results for a particular characteristic are
reported, the control methodmust beindicated.

The following characteristic may be relevant for sodium alginate
used as viscosity-increasing agentor binder. "

Apparent viscosity (2.2.10)
Carry out the test on a 10 gIL solution (dried substance).
Determine the dynamic viscosity at 20 DC using a rotating
viscometer at 20 r/min.

B. To 10 mL of the solution prepared in identification test A
add 1 mL of dilute sulfuric acid R. A gelatinous mass is
formed.

C. To 5 mg add 5 mL of waterR, 1 mL of a freshly
prepared 10 gIL solution of l,3-dihydroxynaphthalene R in
ethanol (96 per cent). R and 5 mL of hydrochloric acidR. Boil
for 3 min, cool, add 5 mL of waterR, and shake with 15 mL
of di-isopropyl 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 waterR, gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.10 g in waterR with constant stirring, dilute to
30 mL with the same solvent and allow to stand for 1 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 1 mL of solution S to 10 mL with waterR.

Chlorides
Maximum 1.0 per cent.

To 2.5 0 g add 50 mL of dilute nitric add R, shake for 1 h
and dilute to 100.0 mL with dilute nitric acidR. Filter.
To 50.0 mL of the filtrate add 10.0 mL of 0.1 M siloer nitrate
and 5 mL of toluene R. Titrate with 0.1 M ammonium.
thiocyanate, using 2 mL of ferric ammonium sulfate solution R2
as indicator and shaking vigorously towards the end point.

1 mL of 0.1 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 solution Dissolve 0.10 gin 50 mL of dilute ammoniaR2,
heating on a water-bath. Allow to cool and dilute to
100.0 mL with distilled waterR (solution (a)). Dilute 3.0 mL
of solution (a) to 100.0 mL with distilled 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
(100 ppm Ca) R to the 3.0 mL of solution (a).

Set the zero of the instrument using a mixture of 1.5 volumes
of dilute ammonia R2 and 98.5 volumes ofdistilled waterR.

Source Calcium hollow-cathode lamp.

Wavelength 422.7 nm.

Atomisation device Air-acetylene flame.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 0.1000 g by drying
in an oven at 105 DC 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 103 CFU/g (2.6.12).

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

Absence of Escherichia cdi (2.6.13).

Absence of Salmonella (2.6.13).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section prooides information on characteristics that are
recognised as being relevant control parameters for one or more
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PhEur -:--- _

____________________ PhEur

6018-19-5

2 H20

211.2

~co2Na

M '
H2N ~ OH

(Ph. Bur. monograph 1993)

Action and use
Antituberculous.

Water (2.5.12)
Not more than 11.0 per cent, determined on OAOOg 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 almost white crystalline powder or crystals, slightly
hygroscopic.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

Sodium Aminosalicylate Dihydrate

B. 3,5-bis(acetylamino)-2,4-di-iodobenzoic acid.

A. 3-acetylamino-5-arnino-2,4,6-tri-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 waterR, 1 g of
zinc powderR and a few glass beads. Boil under a reflux
condenser for 30 min. Allow to cool and rinse the condenser
with 20 mL of water R, 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 sulfuric acid R and titrate
immediately with 0.1 M silver nitrate. Determine the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M silver nitrate is equivalent to 21.20 mg of
CllHsI3N2Na04'

STORAGE
Store protected from light.

IMPURITIES

TESTS
Solution S
Dissolve lag 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 with 'Water R.
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

pH (2.2.3)
The pH of solution S is 7.5 to 9.5.

Related substances
Examine by thin-layer chromatography (J.2.27), using a
TLC silica gel GF254 plate R. Prepare the solutions in subdued
light and develop the chromatograms protected from light.

Test solution (a) Dissolve 0.50 g of the substance to be
examined in a 3 per cent VIV solution of ammoniaR in
methanolR and dilute to 10 mL with the same solution.

Test solution (b) Dilute I mL of test solution (a) to 10 mL
with a,? p~r cent V/V solution of ammonia R in methanol R.

Reference solution (a) Dilute 1 m.L of test solution (b) to
50 mLwith a 3 per cent VIV solution of ammoniaR in
methanolR.
Reference soluwm (b) Dissolve 50 mg of sodium
amidotrizoate CRS in a 3 per cent VIV solution of ammoniaR
in methanolR and dilute to 10 mL with the same solution.

Apply separately to the plate 2 J.1L of each solution. Develop
over a path of 15 cm using a mixture of 20 volumes of
anhydrous formic acid R, 25 volumes of methyl ethyl ketone R
and 60 volumes of toluene R. Allow the plate to dry until the
solvents have evaporated and examine in ultraviolet light at
254 nrn. 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 (a) (0.2 per cent).

Free aromatic amines
Maintain the solutions and reagents in icedwater, protected from
light To 0.50 g in a 50 mL volumetric flask add 15 mL of
waterR. Shake and add 1 mL of dilutesodium hydroxide
solution R. Cool in iced water, add 5 mL of a freshly
prepared 5 gIL solution of sodiumnitriteR and 12 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 sulfamate R. Allow to stand
for 5 min, shaking frequently, and add 0.15 rnL of a 100 gIL
solution of ex-naphthol R in ethanol (96 per cent) R. Shake and
allow to stand for 5 min. Add 3.5 mL of buffersolution
pH 10.9 R, mix and dilute to 50.0 mL with waterR.
The absorbance (2.2.25), measured within 20 min at 485 nrn
using as the compensation liquid a solution prepared at the
same time and in the same manner but omitting the
substance to be examined> is not greater than 0.30.

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 nitricacidR until the precipitation is complete, then
add 3 mL of dilute nitric acidR. Filter and wash the
precipitate with 5 mL of waterR. Collect the filtrate and
washings. Add 1 mL of strong hydrogen peroxide solution Rand
1 rnL of methylene chloride R. Shake. The lower layer is not
more intensely coloured than a reference solution prepared
simultaneously and in the same manner, using a mixture of
5 mL of iodide standardsolution (10 ppm I) R, 3 mL of dilute
nitricacidRand 15 rnL of waterR.
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IDENTIFICATION
First identification: A ..E.

Secondidentification: B.. C.. D.. E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium aminosalicylate dihydrate CRS.

B. Introduce 0.3 g into a porcelain crucible. Cautiously heat
on a small flame until vapour is evolved. Cover the crucible
with a watch glass and collect the white sublimate.
The melting point (2.2.14) of the sublimate is 120 "C to
124°C.

C. To 0.1 mL of solution S (see Tests) add 5 mL of waterR
and 0.1 mL offem'c chloride solution Rl. 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 water R and dilute to
25 mL with the same solvent.

Appearance of solution
The freshly prepared solution is clear (2.2.1) and not more
intensely coloured than reference solution Bs (2.2.2..
Method 11).

Dissolve 2.5 g in 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). Use freshly prepared solutions
and mobile phases.

Test solution Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dissolve 5.0 mg of 3-aminophenol R
(impurity A) in waterR and dilute to 100.0 mL with the
same solvent.

Reference solution (b) Dissolve 5.0 mg of mesalazine CRS
(impurity B) in waterR and dilute to 100.0 mL with the
same solvent. To 10.0 mL of this solution add 1.0 mL of
reference solution (a) and dilute to 50.0 mL with waterR.

Column:
- size: I = 0.25 m, 0 = 4.6 mm,
- stationary phase: spherical base-deactivated octylsilyl silica gel

for chromatography R (5 J.I.Il1).

Mobzle phase:
- mobile phaseA: dissolve 2.2 g of perchloric acidRand 1.0 g

ofphosphoric acid R in waterR and dilute to 1000.0 mL
with the same solvent,

- mobile phase B: dissolve 1.7 g of perchloric acidRand 1.0 g
of phosphoric acidR in acetonitrile R and dilute to
1000.0 mL with the same solvent,

2020

Relativeretention With reference to 4-aminosalicylate
(retention time = about 12 min): impurity A = about 0.30;
impurity B = about 0.37.

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

impurity A and impurity B.

Limits:
- impurityA: not more than 1.5 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (0.15 per cent),

- impurityB: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (b) (1.0 per cent),

- unspecified impurities: for each impurity, not "more than
0.1 times the area of the peak due to impurity B in the
chromatogram obtained with reference solution (b)
(0.10 per cent),

- total: not more than the area of the peak due to
impurity B in the chromatogram obtained with reference
solution (b) (1.0 per cent),

- disregard limit: 0.05 times the area of the peak due to
impurity B in the chromatogram obtained with reference
solution (b) (0.05 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 of glacial
acetic acid R. Add 5 mL of 0.1 M sodiumnitrite 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 17.52 mg
of C7H6NNa03'

STORAGE
In an airtight container, protected from light. If the substance
is sterile, store in a sterile, airtight, tamper-proof container.

IMPURITIES
Specified impurities A.. B.

A. 3-aminophenol,

B. 5-amino-2-hydroxybenzoic acid (mesalazine).
_____________________ PhEur

Time
(min)

0-15

15 - 30

Mobile phase A
(per cent VIJl)

100

100 -> 40

Mobile phase B
(per cent VIJl)

o
0->60

Flow rate 1.25 mUmin.
Detection Spectrophotometer at 220 nm.

Injection 10 f.LL of the test solution and reference
solution (b).

www.webofpharma.com



2020 Sodium Ascorbate 11-893

PhEur _

(Ph. Bur. monograph 1791)

Sodium Ascorbate Allow the solutions to stand for 1 h. Any opalescence in the
test solution is not more intense than that in the reference
solution.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Phosphate buffersolution 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 (nominal pore size 0.45j.lffi) and dilute to
1000 mL with waterfor chromatography 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
impurity D 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 1 mL of this solution
and 1 mL of reference solution (a).

Column:
- size: l =0.25 m, 0 =4.6 mrn;
- stationaryphase: aminopropylsilyl silica gelfor

chromatography R (5 urn);
- .temperature: 45 ac.
Mobilephase Phosphate buffer solution, acetonitrile R1
(25:75 VIV).
Flow rate 1.0 mL/min.

Detection Spectrophotometer at 210 nm.

Injection 20 j.tL 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 peaks due to
impurities C and D.

Relative retention With reference to ascorbic acid (retention
time =about 11 min): impurity D =about 0.4;
impurity C =about 1.7.

System suitability:
- resolution: minimum 3.0 between the peaks due to

ascorbic acid and impurity C in the chromatogram
obtained with reference solution (c);

- signal-to-noise ratio: minimum 20 for the peak due to
impurity C in the chromatogram obtained with reference
solution (b).

Limits:
- impurities C, D: for each impurity, 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 peak due to ascorbic acid in the chromatogram
obtained with reference solution (b) (0.10 per cent);

- sum of impurities otherthan C and D: not more than twice
the area of the peak due to ascorbic acid in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

134-03-2198.1

-i;~,-
HO :Yo

NaO OH

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 gin 5 mL of water R. Add 1 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 solution add 1 mL of dilute
acetic acid Rand 0.5 mL of calcium chloride solution R.

Action and use
Excipient.

DEFINITION
Sodium (2R).-2-[(1S)-1,2-dihydroxyethyl]-4-hydroxy-5-oxo
2,5-dihydrofuran-3-olate.

Content
99.0 per cent to"JOl.O per cent (dried substance).

CHARACTERS
Appearance
White or yellowish, crystalline powder or crystals.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENflFICATION
First identification: B) D.

Second identification: A, C) D.

A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium ascorbate CRS.

C. To 1 mL of solution S (see Tests) add 0.2 mL of dilute
nitric acid Rand 0.2 mL of silver nitratesolution R2. A grey
precipitate is formed.

D. 1 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 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 Y6 or BY6 (2.2.2) Method 11);
examine the colour immediately after preparation of the
solution.
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11-894 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 hydrochloric acidRl and
dilute to 15 mL with distilled waterR.

Copper
Maximum 5 ppm.

_Atomic absorption spectrometry (2.2.23., Method1).

Testsolution Dissolve 2.0 gin 0.1 .NInitric 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 standardsolution (10 ppm
Cu) R, diluting with 0.1 M nitric acid.

Source Copper hollow-cathode lamp.

Wavelength 324.8 nm.

Atomisation device Air-acetylene flame.

Iron
Maximum 2 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

Testsolution Dissolve 5.0 gin 0.1 M nitric acid 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 solution (20 ppm
Pe) R, diluting with 0.1 M nitric acid.

Source Ironhollow-cathode lamp.

Wavelength 248 -3 nm.

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.

ASSAY
Dissolve 80 mg in a mixture of 10 mL of dilute sulfuric acid R
and 80 mL of carbon dioxide-free waterR. Add 1 mL of starch
solution R. Titrate with 0.05 M iodine until a persistent violet
blue colour is obtained.

1 mL of 0.05 M iodine is equivalent to 9.91 mg of
C6H7Na06'

STORAGE
In a non-metallic container, protected from light.

IMPURITIES
Specified impurities C., D., E.

Otherdetectable impurities (thefollowing substances soould, if
present at a sufficient leoel, be detected by oneor other of the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for pharmaceuticaluse (2034). It is
therefore not necessary to identlfy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A., P., G., H.

("OyCHO

U

A. furan-2-carbaldehyde,

2020

C. L-xylo-hex-2-ulosonic acid (t-sorbosonic acid),

~
o~ OCH3

H ...

HO···· H/OH 0

HO

D. methyl L-xylo-he~-2-ulosonate(methyl L-sorbosonate),

H02C-C02H

E. oxalic acid,

-c.HO yo
HO OH

F. (5R)-5-[(lR)-1,2-dihydroxyethyl]-3,4-dihydroxyfuran-2
(5H)-one,

H

H~~O

HO OH

cr. (R)-[(2R)-3,4-dihydroxy-5-oxo-2,5-dillydrofuran-2-yU
hydroxyacetic acid,

~
O H

.OH
H,ec> ~~ 0

HO OH

H.methyl (R)-[(2R)-3,4-dihydroxy-5-oxo-2,5-dihydrofuran
2-yl]hydroxyacetate.

____________________ PhEur

Sodium Aurothiomalate
(Ph. Eur. monograph 1994)

Action and use
U sed in the treatment of rheumatoid arthritis.

Preparation
Sodium Aurothiomalate Injection

PhEur _

DEFINITION
Mixture of monosodium and disodium salts of (2RS)-2
(aurosulfanyl)butanedioic acid.

Content
- gold (Au; AT197.0): 44.5 per cent to 46.0 per cent (dried

substance);
- sodium (Na; AT22.99): 10.8 per cent to 11.8 per cent

(dried substance).
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CHARACTERS
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 1 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 acid R
and dilute to 10 mL with the same acid. Allow to stand.
5 mL of the clear supernatant gives reaction (a) of sulfates
(2.3.1).

TESTS
Appearance of solution
Dissolve 1.0 g in waterR and dilute to 10 mL with the same
solvent. Filter, seal in an ampoule and heat at 100 DC 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 of potassium
ferricyanide R.

pH (2.2.3)
6.0 to 7.0.

Dissolve 1.0 g in carbon dioxide-free water 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 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 acid R in water R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL ofthis
solution to 25.0 mL with waterR.
Reference solution (b) Dissolve 12.0 mg of thiomalic acidR in
waterR and dilute to 100.0 mL with the same solvent.

Reference solution (c) Dissolve 10.0 mg of maleic acidR in
water R and dilute to 100.0 mL with the same solvent. Dilute
1.0 mL of this solution to 25.0 mL with water R.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn),

Mobilephase Mix 90 volumes of a 10.5 gIL solution of
phosphoric add R, 100 volumes of methanol R2 and
810 volumes of waterR.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 10 IlL.
Run time Twice the retention time of impurity C.

Relative retention 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 11-895

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurities B and C.

Limits:
. - impurity A: not more thanthe area of the principal peak

in the chromatogram obtained with reference solution (c)
(0.2 per cent);

- impurity B: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impurity 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.

Testsolution 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 water R.
Reference solution (b) To 2.5 mL of reference solution (a)
add 7.5 mL of water R.
Reference solution (c) To 5.0 mL of reference solution (a)
add 5.0 mL of water R.
Reference solution (d) To 7.5 mL of reference solution (a)
add 2.5 mL of water R.
Blank solution 10 mL of water R.
To the test solution, reference solutions (b), (c) and (d) and
the blank solution, add 2.5 mL of a freshly prepared 235 gIL
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 mL of the 38.0 gIL
solution of cupric chloride R. Stopper and shake vigorously for
1 min. Dilute to 25.0 mL with water R and mix. Centrifuge
for 2 min. Measure the absorbance (2.2.25) of the
supernatant solution of a 1 em layer at 635 nm. Use the
solution prepared from the blank solution as the
compensation liquid. Draw a calibration curve and calculate
the content of glycerol in the sample.

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying
over diphosphorus pentoxide R at a pressure not exceeding
0.7 kPa for 24 h.

ASSAY
Gold
Heat 0.2 g with 10 mL of sulfuric acidR and continue to boil
gently until a clear, pale yellow liquid is produced. Cool, add
about 1 mL of nitric add R dropwise and boil for 1 h. Cool,
dilute to 70 mL with water R, boil for 5 min and filter. Wash
the residue of gold with water Rat 60 DC. Dry and ignite at a
temperature of at least 600 DC 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 sulfuric add R and ignite at
600 ± 50 DC for 3 h.

1.000 g of residue is equivalent to 0.324 g of Na.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A-, B, c.
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_____________________ PhEur

PhEur _

C. (2RS)-2-sulfanylbutanedioic acid (thiomalic acid).

All glassware usedmust bechloride-free and may beprepared by
soakingovernight in a 500 giL solution of nitric acidR, rinsed
with waterR and stored full of waterR. It is recommended that
glassware be reserved exclusively for this test.

Test solution To 20.0 mL of solution S add 5 mL of water R
and dilute to 50.0 mL with ethanol (96 per cent) R.

Determination of ionised chlorine

In three 25 mL volumetric flasks, prepare the following
solutions.

Solution (a) To 4.0 mL of the test solution add 3 mL of
dilute sodium hydroxide solution R and 3 mL of ethanol
(96 per cent) R. This solution is used to prepare solution A.

~ Solution (b) To 3 mL of dilute sodium hydroxide solution R
add 2 mL of water Rand 5 mL of ethanol (96 percent) R.
This solution is used to prepare solution B.

Solution (c) To 4.0 mL of chloride standard solution
(8 ppm Cl) 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 flask add 5 mL oi ferric ammonium sulfate
solution R5, mix and add dropwise and with swirling 2 mL of
nitric acidRand 5 mL of mercuric thiocyanate solution R.
Shake. Dilute the contents of each flask to 25.0 mL with
waterR and allow the solutions to stand in a water-bath at
20 DC for 15 min. Measure at 460 nm 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 obtained with 10 mL of waterR as the
compensation liquid. The absorbance of solution A is not
greater than that of I!i:llution C.

Determination of totalchlorine

Solution (a) To 10.0 mL of the test solution add 7.5 mL of
dilute sodium hydroxide solution R and 0.125 g of nickel
aluminium alloy R and heat on a water-bath for 10 min.
Allow to cool to room temperature, filter into a 25 mL
volumetric flask and wash the filter with 3 quantities, each of
2 mL, of ethanol (96 percent) R (a slight precipitate may
form that disappears on acidification). Dilute the filtrate and
washings to 25.0 mL with waterR. This solution is used to
prepare solution A.

Solution (b) In the same manner, prepare a similar solution
replacing the test solution by a mixture of 5 mL of ethanol
(96 per cent) Rand 5 mL of 'water R. This solution is used to
prepare solution B.

Solution (c) To 6.0 mL of chloride standard solution
(8 ppm Cl) R add 4.0 mL of waterR. This solution is used to
prepare solution C.

In four 25 mL volumetric flasks, place separately 10 mL of
solution (a), 10 mL of solution (b), 10 mL of solution (c)
and 10 mL of waterR. To each flask add 5 mL offerric
ammonium sulfate solution R5, mix and add dropwise and with
swirling 2 mL of nitric acidRand 5 mL of mercuric
thiocyanate solution R. Shake. Dilute the contents of each flask
to 25.0 mL with waterR and allow the solutions to stand in
a water-bath at 20 DC for 15 min. Measure at 460 nm 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 obtained with 10 mL of water R
as the compensation liquid. The absorbance of solution A is
not greater than that of solution C.

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.00 g by drying in
an oven at 105 DC.

532-32-1144.1

~C02Na

o
Action and use
Excipient; treatment of hyperammonaemia due to urea cycle
disorders; treatment of non-ketotic hyperglycinaemia.

Preparation
Sodium. Benzoate Sterile Concentrate

~C02H
H02C 1\ and enantiomer

H SH

Sodium Benzoate

B. (E)-butenedioic acid (fumaric acid),

(Ph. Eur...monograph 0123)

A. (Z)-butenedioic acid (maleic acid),

DEFINITION
Sodium benzenecarboxylate.

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

CHARACTERS
Appearance
White or almost white, crystalline or granular powder or
flakes, slightly hygroscopic.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(90 per cent V/V).

IDENTIFICATION
A. It gives reactions (b) and (c) ofbenzoates (2.3.1).

B. It 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 not more intensely coloured
than reference solution Y6 (2.2.2~ Method II).

Acidity or alkalinity
To 10 mL of solution S add 10 mL of carbon dioxide-free
'water Rand 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 to change the colour of the indicator.

Halogenated compounds
Maximum 200 ppm for ionised chlorine and maximum
300 ppm for total chlorine.
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____________________ PhEur

PhBr _

ASSAY
Dissolve 0.250 gin 20 mL of anhydrous acetic acidR, heating
to 50°C if necessary. Cool. Using 0.05 mL of
naphtholbenzein solution R as indicator, titrate with 0.1 M
perchloric acid until a green colour is obtained.

1 mL of0.1 M perchloric acidis equivalent to 14.41 mg
of~H5Na02'

DEFINITION
Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water, practically insoluble in ethanol
(96 per cent).

When heated in the dry state 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 solution 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 gin 90 mL of carbon dioxide-free waterRand
dilute to 100.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

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 mL of nitric acidR and dilute
to 15 mL with water R.

Sulfates (2.4.13)
Maximum 150 ppm.

7647-15-6

Sodium Bromide

To a suspension of 1.0 g in 10 mL of distilled waterR add
hydrochloric acid R until neutral and about 1 mL in excess.
Dilute to 15 mL with distilled water R.

Ammonium (2.4.1)
Maximum 20 ppm.

Dilute 10 mL of solution S to 15 mL with waterR. Prepare
the standard using a mixture of 5 mL of waterRand 10 mL
of ammonium standard solution (1 ppm NH.J R.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 0.5 g.

Calcium (2.4.3)
Maximum 100 ppm.

To a suspension of 1.0 gin 10 mL of distilled waterR add
hydrochloric acidR until neutral and dilute to 15 mL with
distilled waterR.

Iron (2.4.9)
Maximum 20 ppm.

Dissolve 0.5 ginS mL of dilute hydrochloric acidR and dilute
to 10 mL with waterR.

ASSAY
Dissolve 0.750 gin 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
2n d point of inflection, or at the point of inflection if only
1 point is detected.

1 mL of 1 M hydrochloric acid is equivalent to 84.0 mg
of NaHC03•

PhEur _

DEFINITION
Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, granular powder or small, colourless,
transparent or opaque crystals, slightly hygroscopic.

Solubility
Freely soluble 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 the reactions 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
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 bromothymol blue
solution R1. Not more than 0.5 mL of 0.01 M hydrochloric
acid or O~ 01 M sodiumhydroxide is required to change the
colour of the indicator.

(Ph. Bur. monograph 0190)

NaBr 102.9

____________________ PhEur

144-55-8

Sodium Bicarbonate

Action and use
Antacid; used in treatment of electrolyte deficiency.

Preparations
Sodium Bicarbonate.Ear Drops

Sodium Bicarbonate Eye Lotion

Sodium Bicarbonate Infusion

Sodium BicarbonateOral Solution

Compound Sodium Bicarbonate Tablets

'. (Sodium Hydrogen Carbonate, Ph. Bur. monograph
0195)

NaHC03 84.0
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_____________________ PhEur

a - 2.902 b

STORAGE
In an airtight container.

36457-20-2216.2

~COOBU"

oNaA/

Action and use
Antimicrobial preservative,

DEFINITION
Sodium Butyl Hydroxybenzoate is the sodium salt of butyl
4-hydroxybenzoate. It contains not less than 99.0% and not
more than 102.0% of CllH13Na03, calculated with reference
to the anhydrous substance.

CHARACTERISTICS
A white powder; hygroscopic.

Freely soluble in water and in ethanol (96%).

IDENTIFICATION
A. Dissolve 0.5 gin 5 mL of waterand acidify to litmuspaper
with hydrochloric acid. A white precipitate is produced. Wash
the precipitate with water and dry. The infrared absorption
spectrum 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
Alkalinity
pH of a 0.1 % w/v solution, 9.5 to 10.5, Appendix V L.

Clarity of solution
Dissolve 1.0 gin 10 mL of water. The solution is clear,
Appendix IV A.

Magnesium. and a1k.allne-earth metals (2.4.7)
Maximum 200 ppm, calculated as Ca.

10.0 g complies with the test for magnesium and alkaline
earth metals. The volume of 0.01 M sodium edetate used does
not exceed 5.0 mL.

Loss on drying (2.2.32)
Maximum. 3.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

a percentage content of NaBr and NaCI obtained in the assay and
calculated as NaBr;

b percentage content of CI obtained in the test for chlorides.

ASSAY
Dissolve 85.0 mg in waterR, add 5 mL of dilute nitric acid R
and dilute to 50 mL with waterR. Titrate with 0.1 M silver
nitrate, determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M silvernitrate is equivalent to 10.29 mg of
NaBr.

Calculate the percentage content of NaBr using the following
expression:

Sodium Butyl Hydroxybenzoate
Sodium Butylparaben

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 M sulfunc add and allow to stand protected
from light for 5 min. No blue or violet colour develops.

Chlorides and sulfates
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 0.400 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 solution (b) Dilute 25.0 mL of test solution (a) to
50.0 mL with waterfor chromatography R.

Reference solution (a) To 25.0 mL oftest solution (a) add
1.0 mL of sulfate standard solution (10 ppm SOJ Rand
12.0 mL of chloride standard solution (50 ppm Cl) R and dilute
to 50.0 mL with waterfor chromatography R.

Reference solution (b) Dilute 10.0 mL of test solution (a) to
100.0 mL with waterfor chromatography R. To 2.0 mL of this
solution add 8.0 mL of chloride standard solution
(50 ppm Cl) R and dilute to 20.0 mL with waterfor
chromatography R.

Blank solution waterfor chromatography R.

Column:
- size: I = 0.25 m, (2) = 2 mID;
- stationary phase: strongly basic anion-exchange resin for

chromatography R (13 urn),

Mobz7e phase Dissolve 0.600 g of potassium hydroxide R in
waterfor chromatography R and dilute to 1000.0 mL with the
same solvent.

Flow rate 0.4 mUmin.

Detection Conductivity detector equipped with a suitable ion
suppressor.

Injection 50 ul, 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: minimum 8.0 between the peaks due 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 peak due 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 peak due 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;
- sulfates: maximum 0.01 per cent.

Iodides
To 5 mL of solution S add 0.15 mL of ferric chloride
solution Rl and 2 mL of methylenechloride R. Shake and allow
to separate. The lower layer is colourless (2.2.2~ Method l).

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.
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Sodium Calcium Edetate

DEFINITION
Disodium [(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.

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, C, D.

Second identification: 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 water R, add 6 mL of leadnitrate
solution R, shake and add 3 mL of potassium iodide solution R.
No yellow precipitate is formed. Make alkaline to redlitmus
paperR by the addition of dilute ammonia R2 and add 3 mL
of ammonium oxalate solution R. A white precipitate 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 pyroantimonate 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 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 II).

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). Carry out the testprotected
from light.

Solvent mixture Dissolve 10.0 g offem'c sulfate
pentahydrate R in 20 mL of 0.5 M sulfuric acid and add

62-33-9

(ph. Bur. monograph 0231)

ClOHlzCaNzNazOs,xHzO 374.3
(anhydrous substance)

Action and use
Chelating agent.

Preparation
Sodium Calcium Edetate Infusion

Chloride
Dissolve 1.0 g in 100 mL of water, add 1 mL of nitricacid
and filter. 15 mL of the filtrate complies with the limit testfor
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 VII (0.12%).

Related substances
Carry out the method for thin-layer chromatography,
Appendix III A, using the following solutions.

(1) Dilute a 2.0% w/v solution of the substance being
examined in waterwith an equal volume of acetone.

(2) Dilute 1 volume of solution (1) to 25 volumes with a
mixture of equal volumes of acetone and water.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel F Z54 the surface of which has
been modified with chemically-bonded oetadecylsilyl groups
(Whatman KC18F plates are suitable).

(b) Use the mobile phase as described below.

(c) Apply 2 ul, of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, dry in air and examine under
ultraviolet light (254 nm).

MOBILE PHASE

1 volume of glacial acetic acid, 30 volumes of waterand
70 volumes of methanol.

UMITS

Any secondary spotin the chromatogram. obtained with
solution (1) is not more intense than the spot in the
chromatogram obtained with solution (2).

Water
Not more than 5.0% w/w, Appendix IX. C. Use 1 g.

ASSAY
Gently boil 0.1 g under a reflux condenser with 25 mL of
1.25M sodium hydroxide for 30 minutes. Allow to cool, add
25 mL of O. 0333M potassium bromate VS, 5 mL of a
12.5% w/v solution of potassium 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 shake vigorously. Titrate
the liberated iodine with O.lMsodium thiosulfate VS using
starchmucilage, 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 volume of
0.0333Mpotassium bromate VS used is equivalent to half of
the volume of O.lMsodium thiosulfate VS required for the
titration. Each mL of 0.0333M potassium bromate VS is
equivalent to 7.207 mg of CnH13Na03-
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_____'-- PhEur

A. nitrilotriacetic acid.

1984-06-1166.2

Sodium Octanoate

(ph. Eur. monograph 1471)

Action and use
Excipient.

DEFlNITION
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

(C02H

H02C<:> N'-/C02H

Water (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. Titrate
with 0.01 M bismuth nitrate, using 0.1 mL of a 1 gIL solution
of xylenol orange R as indicator. The colour of the solution
changes from yellow to red.

1 mL of 0.01 M bismuth nitrateis equivalent to 3.74 mg
of ClOH12CaNzNazOs.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A.

PhEur = _

IDENTIFICATION
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
waterR. 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 mater R. Adjust to pH 2.0 with 1 M sodium
hydroxide and dilute to 1000 mL with waterR.

Test solution 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 nitrilotriacetic acidR
(impurity A) in the solvent mixture and dilute to 100.0 mL
with the solvent mixture. To 1.0 mL of this solution add
0.1 mL of the test solution and dilute to 100.0 mL with the
solvent mixture.

Column:
- size: l =0.10 m, 0 =4.6 mm;
- stationary phase: spherical graphitised carbon for

chromatography Rl (S urn) with a specific surface area of
120 m2/g and a pore size of 2S"nm.

Mobilephase Dissolve SO.O mg of ferric sulfate pentahydrate R
in SOmL of 0.5 M sulfuncacid and add 7S0 mL of waterR;
adjust to pH 1.5 with 0.5 M sulfuric acid or 1 M sodium
hydroxide, add 20 mL of ethylene glycol R and dilute to
1000 mL with waterR.

Flow rate 1 mUmin.
Detection Spectrophotometer at 273 nm.

Injection 20 ilL; filter the solutions and inject immediately.

Run time 4 times the retention time of the iron complex of
impurity A.

Retention time Iron complex. of impurity A = about S 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-to-noise ratio: minimum SO for the peak due to
impurity A.

Limit:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with the reference
solution (0.1 per cent).

Disodium edetate
Maximum 1.0 per cent.

Dissolve 5.0 gin 2S0 mL of waterR. Add 10 mL of
ammonium chloride buffersolution pH 10.aR and about 50 mg
of mordantblack 11 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 waterR and dilute to 20 mL with the same
solvent. Add 30 mL of dzlute nitric acid R, allow to stand for
30 min and filter. Dilute 10 mL of the filtrate to 50 mL with
waterR. Use this solution as the test solution. Prepare the
reference solution using 0.40 mL of 0.01 M hydrochloric acid,
add 6 mL of dilute nitricacidR and dilute to 50 mL with
waterR. Filter both solutions if necessary. Add 1 mL of silver
nitratesolution 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 waterR.
Add 0.2S g of calcium chloride R to the test solution and the
standard before the addition of the thioglycollic acidR.
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Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.3)
8.0 to 10.5 for solution S.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution Dissolve 0.116 g in waterR and dilute to 5 mL
with the same solvent. Add 1 mL of a 2.8 per cent V/V
solution of sulfuric acid R and shake with 10 mL of ethyl
acetate R. Separate the organic layer and dry over anhydrous
sodium sulfate R.

-Reference solution (a) Dissolve 0.10 g of caprylic acid CRS in
ethyl acetate R and dilute to 10 mL with the same solvent.

Reference solution (b) Dilute I mL of the test solution to
100 mL with ethylacetate R. Dilute 5 mL of this solution to
50 mL with ethyl acetate R.

Column:
- material: fused silica;
- size: l =30 m, 0 =0.25 mm;
- stationary phase:macrogol 20000 2-nitroterephthalate R (film

thickness 0.25J.!m).

Carrier 'gas: heliumfor chromatography R.

Flow rate' 1.5 mUmin.

Split ratio 1:100.

Temperature:

Sodium Carbonate II-90 1

C. nonanoic acid,

~C02H
H3C

D. decanoic acid,

E. 2-propylpentanoic acid (valproic acid),

F. methyloetanoate,

G. ethyl octanoate,

o

H3C~OCH3

H. methyl decanoate,

Column

Injection port

Detector

Time
(min)

0-1
1 - 25

25 - 35

Temperature
eC)
100

100 ~ 220

220
250
250

I. undecan-2-one,

and enantiomer

497-19-8

Detection Flame ionisation.

Injection 1 I!L.

System suitability Reference solution (b):
- signal-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 gin 50 mL of anhydrous acetic acid R. Titrate
with 0.1 NI perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 16.62 mg
of CSHlSNaOz.

IMPURITIES

A. hexanoic acid,

B. heptanoic acid,

J. (RS)-5-butyltetrahydrofuran-2-one (y-hydroxyoctanoic
acid lactone).

_____________________ PhEur

Sodium Carbonate
Anhydrous Sodium Carbonate

(Ph. Eur. monograph 0773)

NazC0 3 106.0
PhEur _

DEFINITION
Content
99.5 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, slightly granular powder, hygroscopic.

Solubility
Freely soluble in water, 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).
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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
hydrochloric acid R and 25 mL of distilled waterR. Heat 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., Method 1).

Dissolve 2.0 g in 10 m.L of waterR.

Alkali hydroxides and bicarbonates
Dissolve 0.4 g in 20 mL of water R. Add 20 mL of barium
chloride solution R1 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 water R, add 4 mL of dilute nitric acid Rand
dilute to 15 mL with water R.

Sulfates (2.4.13)
Maximum 250 ppm, determined on solution S.

Arsenic (2.4.2., Method A)
Maximum 5 ppm, determined on 5 mL of solution S.

Iron (2.4.9)
Maximum 50 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying at
300 ± 15 -c.
ASSAY
Dissolve 0.400 gin 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.

1 mL of 1 M hydrochloric acid is equivalent to 52.99 mg
of NaZC03 •

STORAGE
In an airtight container.
____________________ PhEur

Sodium Carbonate Decahydrate

2020

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Dissolve 1 g in water R and dilute to 10mL 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).

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 mLof distilled water R. 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., Method 1).

Dissolve 4.0 gin 10 mL of waterR.

Alkali hydroxides and bicarbonates
Dissolve 1.0 gin 20 mL of waterR, add 20 mL of barium
chloride solution R1 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 boiling for
2 min. The solution remains clear (2.2.1).

Chlorides (2.4.4)
Maximum 50 ppm.

Dissolve 1.0 g in waterR, add 4 mL of dilute nitricacid R and
dilute to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 100 ppm, determined on solution S.

Arsenic (2.4.2., MethodA)
Maximum 2 ppm, determined on 5 mL of solution S.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with water R.

ASSAY
Dissolve 1.000 gin 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.

1 mL of 1 M hydrochloric acid is equivalent to 52.99 mg
of Na2C03.

STORAGE
In an airtight container.
____________________ PhEur

PhEur _

(Ph. Bur. monograph 0191)

NazC03,10HzO 286.1 6132-02-1
Sodium Carbonate Monohydrate

PhEur _

DEFINITION
Content
83.0 percent to 87.5 per cent of NaZC03 •

DEFINITION
Content
36.7 per cent to 40.0 per cent of NaZC03 •

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless,
transparent crystals, efflorescent.

(Ph. Bur. monograph 0192)

Na2C03,HzO 124.0 5968-11-6
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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. 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).

C. The solution prepared for identification test A gives
reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 2.0 g in portions in a mixture of 5 mL of
hydrochloric acidR@d 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 uiaterR.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2~ Method1).

Dissolve 2.0 gin 10 mL of waterR.

Alkali hydroxides and bicarbonates
Dissolve 0.4 gin 20 mL of waterR, add 20 mL of barium
chloride solution R1 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 boiling for
2 min. The solution remains clear (2.2.1).

Chlorides (2.4.4)
Maximum 125 ppm.

Dissolve 0.4 g in water R, add 4 mL of dilute nitric acidRand
dilute to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 250 ppm, determined on solution S.

Arsenic (2.4.2~ MethodA)
Maximum 5 ppm, determined on 5 mL of solution S.

Iron (2.4.9)
Maximum 50 ppm.

Dilute 5 mL of solution S to 10 mL with water R.

ASSAY
Dissolve 0.500 gin 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
2n d point of inflection.

1 mL of 1 M hydrochloric acidis equivalent to 52.99 mg
of Na2C03.

STORAGE
In an airtight container.
____________________ PhEur

Sodium Cetostearyl Sulfate 11-903

Sodium Cetostearyl Sulfate
Sodium Cetostearyl Sulphate

(Ph. Bur. monograph 0847)

Action and use
Excipient.

PhEur _

DEFINITION
Mixture of sodium cetyl sulfate (sodium hexadecyl sulfate,
Cl~33Na04S; M r 344.5) and sodium stearyl sulfate
(sodium oetadecyl sulfate, ClsH37Na04S; Mr 372.5).
A suitable buffer may be added.

Content
- sodium cetostearyl sulfate: minimum 90.0 per cent

(anhydrous substance);
- sodium cetyl sulfate: minimum 40.0 per cent (anhydrous

substance) .

CHARACTERS
Appearance
White or pale yellow, amorphous or crystalline powder.

Solubility
Soluble in hot water giving an opalescent solution, practically
insoluble in cold water, partly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B, D, F.

Second identification: A~ C~ D, B, F.
A. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 50 mg of the substance to be
examined in 10 mL of ethanol (70 percent V/"V,) R, heating on
a water-bath.

Reference solution Dissolve 50 mg of sodium cetostearyl
sulfate CRS in 10 mL of ethanol (70 per cent V/"V,) R, heating
on a water-bath.

Plate TLC octadecylsilyl silica gelF254 pla;te R.
Mobz7e phase waterR, acetone R, methanol R
(20:40:40 V/V/V).

Application 10 ilL.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with a 50 gIL solution of phosphomolybdic
acidR in ethanol (96 per cent) R; heat at 120 DC until spots
appear (about 5 min).

Results The principal spots in the chromatogram obtained
with the test solution are similar in position and colour to the
principal spots in the chromatogram obtained with the
reference solution.

B. Examine the chromatograms obtained in the assay.

Results The 2 principal peaks in the chromatogram obtained
with test solution (b) are similar 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.Ygives 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 1 gIL solution of methylene blue Rand
2 mL of dilute sulfuric acidR. Add 2 mL of methylene
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Detection Flame ionisation.

Injection 1 ilL.
Elution order Cetyl alcohol, stearyl alcohol, l-nonadecanol,

Calculate the percentage content of sodium cetyl sulfate in
the substance to be examined using the following expression
and taking into account the assigned content of cetyl
alcohol CRS:

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 waterR,
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 fitted with a reflux condenser. Add 10.0 mL
of the internal standard solution and 20mL of hydrochloric
acidR. 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 water R, dry over anhydrous sodium sulfate Rand
filter..

Reference solution (a) Dissolve 0.100 g of cetyl alcohol CRS
in 25.0 ml,' of the internal standard solution. Add 25 mL of
waterR and shake with 4 quantities, each of 25 mL, of
pentaneR, 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 R and filter.

Reference solution (b) Dissolve 0.100 g of stearyl alcohol CRS
in 25.0 mL of the internal standard solution. Add 25 mL 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
anhydrous sodium sulfate R and filter.

Column:
- material: fused silica;
- size: 1= 25 m, 0 = 0.25 mm;
- stationary phase: poly(dimethyVsiloxane R (film thickness

0.25 11m).
Carrier gas helium for chromatography R.

Flow rate 1 mUmin.

Split ratio 1:100.

Temperature:

chloride R and shake. The methylene chloride layer has an
intense blue colour.

F. Mix about 10 mg with 10 mL of anhydrous ethanol 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 hydrochloric acidRand
evaporate the solution to half its volume. Allow to cool.
Filter. To the filtrate add 1 mL of barium chloride solution RJ.
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 cent Vlli? 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.

Sodium chloride Dissolve 5.00 gin 50 mL of water R, add
dilute nitricacidR dropwise until the solution is neutral to
bluelitmuspaperR. Titrate with 0.1 M silver nitrate
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M silvernitrateis equivalent to 5.844 mg of
NaCI.

Sodium sulfate 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 acetone R. If the solution is red, add
1 M nitric acid dropwise until a bluish-green colour is
obtained. Add 2.0 mL of dichloroacetic acidsolution Rand
80 mL of acetone R. Titrate with O. 01 M leadnitrate until a
persistent orange-red colour is obtained.

1 mL of 0.01 M lead nitrateis equivalent to 1.420 mg
of NaZS0 4'

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:

Al mz 2
-x-x-xl00
Az mI 100

Al sum of the areas of the peaks due to cetyl alcohol and stearyl
alcohol in the chromatogram obtained with test solution (a);

A2 area of the peak due to the internal standard in the
chromatogram obtained with test solution (a);

mi mass of the substance to be examined in test solution (a), in
milligrams;

mz mass of the internal standard in the internal standard solution,
in milligrams.

Column

Injection port

Detector

Time
(min)

0-20

Temperature
CC)

150 -> 250

250

250

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g.

ASSAY
Gas chromatography (2.2.28).

Internal standard solution Dissolve 0.200 g of
1-nonadecanol 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

r;

m

Az mx,y 1 1
Ax x - x -- x - x 100 x 4 x - x Fx

Al Ax,y m 2.5

area of the peak due to cetyl alcohol in the chromatogram
obtained with test solution (b);
area of the peak due to cetylalcohol CRS in the chromatogram
obtained with reference solution (a);
area of the peak due to the internal standard in the
chromatogram obtained with test solution (b);
area of the peak due to the internal standard in the
chromatogram obtained with reference solution (a);
conversion factor from cetyl alcohol to sodium cetyl sulfate
(1.421);
mass of the substance to be examined in test solution (a), in
milligrams;
mass of cetylalcohol CRS in reference solution (a), in milligrams.
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PhEur _

___--:...-'-- PhEur

A 3 mz,y 1 1
Az x A- x -A x - x 100 x 4 x -5 x F,

1 z,y m 2.

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
alcohol CRS:

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.

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

.CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals or white or almost white pearls.

Solubility
Freely soluble in water, practically insoluble in anhydrous
ethanol.e

IDENTIFICATION
A. It gives reaction (a) of chlorides (2.3.1).

B. It gives the reactions of sodium (2.3.1).

TESTS
01f the substance is in theform ofpearls, crush before use.O

Solution S
Dissolve 20.0 g in carbon dioxide-free waterR prepared from
distilled waterR 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, Method11) .•

Acidity or alkalinity
To 20 mL of solution S add 0.1 mL of bromothymol blue
solution Rl. Not more than 0.5 mL of 0.01 M hydrochloric
acidor 0.01 M 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 waterR, 2.0 mL of
phenolredsolution R2 and 1.0 mL of a 0.1 gIL solution of
chloramine R and mix immediately. After exactly 2 min, add
0.15 mL of 0.1 M sodium thiosulfate, mix and dilute to
10.0 rnL 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 3.0 mgIL solution of potassium bromide R.

Ferrocyanides
Dissolve 2.0 gin 6 mL of waterR. Add 0.5 mL of a mixture
of 5 mL of a 10 gIL solution of ferric ammonium sulfate R in a
2.5 gIL solution of sulfuric acidRand 95 mL of a 10 gIL
solution oi ferrous sulfate 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 Rand
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 mL of waterR.
The absorbance (2.2.25) is not greater than 0.01 at 354 nm.

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 rnL of solution S to 30 mL with distilled water R.

7647-14-5

(Ph. Bur. monograph 0193)

NaCI 58.44

Sodium Chloride1

Az area of the peak due to stearyl alcohol in the chromatogram
obtained with test solution (b);

Az,y area of the peak due to stearyl alcohol CRS in the chromatogram
obtained with reference solution (b);

A 1 area of the peak due to the intemal standard in the
chromatogram obtained with test solution (b);

A3 area of-the peak due to the internal standard in the
chromatogram obtained with reference solution (b);

P, conversion factor from stearyl alcohol to sodium stearyl sulfate
(1.377);

m mass of the substance to be examined in test solution (a), in
milligrams;

mz,y mass of stearylalcohol CRS in reference solution (b), in
milligrams.;;

Action and use
Used in treatment of electrolyte deficiency.

Preparations
Compound Glucose, Sodium Chloride and Sodium Citrate
Oral Solution

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 Infusion

Sodium Chloride and Glucose Infusion

Sodium Chloride Irrigation Solution

Compound Sodium Chloride Mouthwash

Sodium Chloride Nebuliser Solution

Sodium Chloride Oral Solution

Sodium Chloride Solution

Sodium Chloride Soluble Tablets

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter 5.8 Pharmacopoeial harmonisation.
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PhEur _

ActiOll and use
Systemic alkalinising substance.

Preparations
Compound Glucose, Sodium Chloride and Sodium Citrate
Oral Solution
Sodium Citrate Eye Drops

Sodium Citrate Irrigation Solution

6132-04-3294.1

Trisodium Citrate

(ph. Bur. monograph 0412)

DEFINITION
Trisodium 2-hydroxypropane-1,2,3-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.

Solubility
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 toaierR 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, 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 hydrochloric 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 sulfuric 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 water R.

Oxalates
Maximum 300 ppm.
Dissolve 0.50 gin 4 mL of water R, add 3 mL ofhydrochloric
add R and 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

.Sodium CitrateAluminium (2.4.17)
Maximum 0.2 ppm, if intended for use in the manufacture of r

peritoneal dialysis solutions, haemodialysis solutions or
haemofiltration solutions.

Prescribed solution Dissolve 20.0 gin 100 mL of waterRand
add 10 mL of acetate buffer solution pH 6.0 R.
Reference solution Mix 2 mL of aluminium standard solution
(2 ppm AD R, 10 mL of acetate buffer solution pH 6.0 R and
98 mL of waterR.
Blank solution Mix 10 mL of acetate buffer solution pH 6.0 R
and 100 mL of waterR.

•Arsenic (2.4.2, Method A)
Maximum 1 ppm, determined on 5 mL of solution S.•

Barium
To 5 mL of solution S add 5 mL of distilled waterR and
2 mL of dilute sulfuric acid R. After 2 h, any opalescence in
the solution is not more intense than that in a mixture of
5 mL of solution Sand 7 mL of distilled waterR.

Iron (2.4.9)
Maximum 2 ppm, determined on solution S.

Prepare the standard using a mixture of 4 mL of iron
standard solution (1 ppm Fe) R and 6 mL of waterR.

Magnesium and alkaline-earth metals (2.4.7)
Maximum 100 ppm, calculated as Ca and determined on
10.0 g.

Use 0.150 g of mordantblack 11 triturate R. The volume of
0.01 M sodium edetate used is not more than 2.5 mL.

Potassium
Maximum 500 ppm, if intended for use in the manufacture
of parenteral preparations or haemodialysis, haemofiltration
or peritoneal dialysis solutions.

Atomic emission spectrometry (2.2.22, Method I).

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 Ilg ofK per
millilitre). Dilute as required.

Wavelength 766.5 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 for 2 h.

.Bacterial endotoxins (2.6.14)
Less than 5 ill/g, 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 waterR and dilute to 50 mL with the
same solvent. Titrate with 0.1 M silver nitrate determining the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M szlver nitrate is equivalent to 5.844 mg of
NaCl.

•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 peritoneal dialysis solutions,
haemodialysis solutions or haemofiltration solutions.•

___________~ PhEur
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equal volume of hydrochloric acidR and 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 in the same manner
using 4 mL of a 50 mg/L solution of oxalic acidR.

Sulfates (2.4.13)
Maximum 150 ppm.

To 10 mL of solution S add 2 mL of hydrochloric acidR1 and
dilute to 15 mL with distilled waterR.

Water (2.5.12)
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 R, 30 mL
of formamide R and 5 g of salicylic acidR.

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 mL of a freshly prepared solution in
waterfor i.Ji.jections R containing per millilitre 10.0 mg of the
substance to be examined and 7.5 mg of pyrogen-free calcium
chloride R.' "

ASSAY ,
Dissolve 0.150 gin 20 mls-of anhydrous acetic acidR, heating
to about 50°C. Allow to cool. Titrate with 0.1 M perchloric
acid, using 0.25 mL of naphtholbenzein solution R as indicator
until a green colour is obtained.

1 mL of 0.1 M perchloric acidis equivalent to 8.602 mg
of C6HsNa307'

STORAGE
In an airtight container.
____________________ PhEur

Sodium Clodronate Tetrahydrate
(Clodronate Disodium Tetrahydrate, Ph. Eur.
monograph 1777)

Sodium Clodronate Tetrahydrate 11-907

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, MethodII).

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 water R, sonicate for 10 min and
dilute to 50;,0 mL with water R (test stock solution). Dilute
10.0 mL of the test stock solution to 20.0 mL of water R.
Reference solution (a) 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 clodronate
impurity D CRS in 10 mL of water R, sonicate for 10 min
and dilute to 20.0 mL with water R. Mix 2.0 mL of this
solution with 10.0 mL of the test stock solution and dilute to
20.0 mL with water R.
Reference solution (c) Dilute 1.0 mL of a 0.3 gIL solution of
phosphoric acidR (impurity B) to 100.0 mL with water R.

Precolumn:
- size: I = 0.05 m, 0 =4 mm;
- stationary phase: anion-exchange resin R;
- particle size: 9 urn.
Column:
- size: I = 0.25 m, 0 = 4 mrn;
- stationary phase: anion-exchange resin R;
- particle size: 9 jlm.

Mobile phase:
- mobile phase A: 0.21 gIL solution of sodium hydroxide R in

carbon dioxide-free water R; close immediately, mix and use
under helium pressure;

- mobile phase B: 4.2 gIL solution of sodium hydroxide R in
carbon dioxide-free water R; close immediately, mix and use
under helium pressure;

CHzClzNaz06Pz,4HzO 360.9
PhEur _

Time
(min)

0-10

10 - 22

22 - 23

23 - 25

Mobile phase A
(per cent VIV)

90 -l- 60

60 -l- 50

50 -l- 20

20

Mobile phase B
(per cent VIV)

10 -l- 40

40 -l- 50

50 -l- 80

80

DEFINITION
Disodium (dicWoromethylene)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, practically 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 gin 10 mL of waterR. The solution gives
reaction (a) of sodium (2.3.1).

Flow rate 1 mlJmin.

Detection Conductivity detector. Use a self-regenerating
anion suppressor.

Injection 20 ur,
Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity B.

Relative retention With reference to clodronate (retention
time = about 13 min): impurities A and B = about 0.7;
impurity D =about 1.1.

Systemsuitability Reference solution (b):
- peak-to-valley 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
curve separating this peak from the peak due to
clodronate.
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PhEur _

15826-37-6512.3

(Ph. Bur. monograph 0562)

Action and use
Prophylaxis of allergic conditions.

Preparation
Sodium Cromoglicate Eye Drops

Sodium Cromoglicate

DEFINITION
Disodium 5,5'-[(2-hydroxypropane-1,3-diyl)dioxy]bis(4-oxo·
4H-1-benzopyran-2-carboxylate) .

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

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B, D.
Secondidentification: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 10.0 mg in phosphate buffersolution
pH 7.4 R and dilute to 100.0 mL with the same buffer
solution. Dilute 10.0 mL of this solutionto 100.0 mL with
phosphate buffersolution pH 7.4 R.

Spectral range 230-350 nm.

Absorption maxima At 239 nm and 327 nm.

Absorbance ratio A3Z7/Az39 =0.25 to 0.30.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison sodiumcromoglicate CRS.

C. Dissolve about 5 mg in 0.5 mL of methanolR. Add 3 mL
of a 5 gIL solution of aminopyrazolone R in methanolR
containing 1 per cent V/V of hydrochloric add R. Allow to
stand for 5 min. An intense yellow colour develops.

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 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 BYs (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of phenolphthalein
solutionR. The solution is colourless. Add 0.2 mL of 0.01 M
sodium hydroxide. The solution is pink. Add 0.4 mL of

B. phosphoric acid,

Limits:
- sum of impurities A and B: 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)
(0.10 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 strong
sodium hydroxide solution R and some glass beads. Boil until
the solution is completely decolourised (about 10 min). Cool
in an ice-bath and add 30 mL of waterRand 10 mL of nitric
acid R. Titrate with 0.1 M silvernitrate, determining the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M silvernitrate is equivalent to 14.44 mg of
CHzClzNaz0 6Pz.

IMPURITIES
Specifiedimpurities A, B.
Other detectable impurities (the following substances would, if
presentat a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by the general acceptance
criterion for otherlunspedfied impurities 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.

A. [dichloro [hydroxy(l-methylethoxy)phosphinoyl]methyl]
phosphonic acid,

o 0
II II

HO-P P-OH
I 'v" \

HO I OH
CI

D. (chloromethylene) bis(phosphonic acid).
_________________ PhEur

CH3

H c-< 0 03 II II
O-P P-OH
I~ \

HO 1\ OH
CI CI

www.webofpharma.com



2020 Sodium Cyclamate 11-909

0.01 M hydrochloric acid. The solution is colourless.
Add 0.25 mL of methylredsolution R. The solution is red.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture waterR, acetonitrile R (40:60 VIV).

Test solution Dissolve 0.100 g 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 mg of sodium cromoglicate for
systemsuitability CRS (containing impurity C) in the solvent
mixture and dilute to 10.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationaryphase: base-deactivated end-capped octadecylsilyl

silicagelfor chromatography R (3 um),

Mobile phase:
- mobile phase:A:,:o,cetonitrzle R, 10 gIL solution of

tetrabutylammonium hydrogen sulfate R (5:95 VIV);
- mobilephase B: acetonitrile R, 10 gIL solution of

tetrabutylammonium hydrogen sulfate R (50:50 VIV);

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 330 nm.

Injection 10 JlL.
Relative retention With reference to sodium cromoglicate
(retention time = about 11 min): impurity C = about 1.1.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to sodium

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, 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: o.s times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

OxaIates
Maximum 0.35 per cent.

Dissolve 0.10 g in 20 mL of water R, 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 nino 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.

Loss on drying (2.2.32)
Maximum 10.0 per cent, determined on 1.000 g by drying at
105 DC and at a pressure of 0.3-0.6 kPa.

__~ PhEur

139-05-9201.2

Action and use
Sweetening agent.

(Ph. Bur. monograph 0774)

PhEur _

DEFINITION
Sodium 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.

Sodium Cyclamate

B. diethyl 5,5'-[(2-hydroxypropane-1,3-diyl)dioxy]bis(4-oxo
4H-1-benzopyran-2-carboxylate),

C. unknown structure.

A. 1-(2,6-dihydroxyphenyl)ethanone,

° °
J~0Y) cY°rt

H3C yy YY CH3

° 0yo 0
OH

NoH
yYc~

OH °

ASSAY
Dissolve 0.200 g with heating in a mixture of 5 mL of
2-propanol R and 25 mL of ethylene glycol R. Cool and add a
mixture of 6 mL of tetrahydrofuran R and 24 mL of
acetonitrile R. 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 25.62 mg
of CZ3H14NazOll'

STORAGE
In an airtight container, protected from light.

IMPURITIES
. Specified impurities C.

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 andlorby 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) A, B.

0-+ 100

100

Mobile phase B
(per cent VIJl)

100 -+ 0

o

Mobile phase A
(per cent VIJl)

Time
(min)

0-15

15 - 20
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Detection Flame ionisation.

Injection 1.5 IlL; use a split vent at a flow rate of
20 mlJmin.

Relative retention With reference to impurity C (retention
time =about 2.3 min): impurity B =about 1.4;
tetradecane = about 4.3; impurity D = about 4.5.

Limits:
- impurity C: maximum 10 ppm;
- impurities 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 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 4 h.

Limit Test solution (a):
- impurity 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 D
Gas chromatography (2.2.28).

Internal standard solution Dissolve 2 JlL of tetradecane R in
methylene chloride R and dilute to 100 mL with the same
solvent.

Testsolution 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 acidR and water R. 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 solution Dissolve 10.0 mg (about 12 ~) of
cyclohexylamine R (impurity C), 1.0 mg (about 1.1 IlL) of
dicyclohexylamine R (impurity D) and 1.0 mg (about 1 ul.) of
aniline R (impurity B) in waterR, then dilute to 1000 mL
with the same solvent. Dilute 10.0 mL of this solution to
100.0 mL with waterR (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: 1= 25 m, 0 = 0.32 nun;
- stationary phase: poly(dimethyl) (diphenyl)siloxane R (film

thickness 0.51 urn).

Carnergas helium for chromatography R.

Flow rate 1.8 mlJmin.

Temperature:

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

IDENTIFICATION
First identification: A, E.

Second identification: B, C, D, E.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium cyclamate CRS.
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 1 mL of solution S (see Tests), add 1 mL of waterR
and 2 mL of siloer nitrate solution R1, then shake. A white,
crystalline precipitate is formed.

D. To 1 mL of solution S add 5 mL of water R,.2 mL of
dilute hydrochloric acidRand 4 mL of barium chloride
solution R1 and mix. The solution is clear. Add 2 mL of
sodium nitrite solution R. A voluminous white precipitate is
formed and gas is given off.

E. A mixture ofl mL of solution S 'and 1 mL of waterR
gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5 g in carbon dioxide-free waterR prepared from
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, Method11).

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
Thin-layer chromatography (2.2.27).

Test solution (aj Solution S.

Testsolution (bj Dilute 1 mL of test solution (a) to 10 mL
with waterR.
Reference solution (aj Dissolve 0.10 g of sodium
cyclamate CRS in waterR and dilute to 10 mL with the same
solvent.

Reference solution (b) Dissolve 10 mg of sulfamic add R
(impurity A) in waterR and dilute to 100 mL with the same
solvent.

Plate TLC silica gel G plateR.
Mobz1e phase concentrated ammonia R, waterR, ethyl
acetate R, propanol R (10:10:20:70 VIVIVIV).
Application 2 JlL.

Development Over a path of 12 em.

Drying In a current of warm air, then heat at 105°C for
5 min.

Detection Spray the hot plate with strong sodium hypochlorite
solution R diluted to 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. '

Column

Injection port

Detector

Time
(min)

0-1

1 - 9

9 -13

Temperature
eC)
85

85 ~ 150

150

250

270
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____________________ PhEur

13472-35-0

Action and use
Excipient.

Preparation
Phosphates Enema

Sodium Dihydrogen Phosphate
Dihydrate
Sodium Acid Phosphate

(Ph. Bur. monograph 0194)

NaH2P04,2HzO 156.0

PhEur _

DEFINITION
Content
98.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder or colourless crystals.

Solubility
Very soluble in water, very slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) is slightly acid (2.2.4).

TESTS
Acidity
pH of a mixture of 5 mL of solution Sand 5 mL of carbon
dioxide-free water, 4.2 to 4.5, Appendix V L.

Clarity and colour of solution
Solution S is clear, Appendix IV A, and colourless,
Appendix IV B, Method II.

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 VII (10 ppm).

Chloride·
Dilute 2.5 mL of solution S to 15 mL with water.
The resulting solution complies with the limit testfor 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
complies with the limit testfor sulfates, Appendix vn
(300 ppm).

Reducing substances
To 5 mL of solution S add 0.25 mL of 0.02M potassium
permanganate and 5 mL of 1Msulfuric acid and heat in a
water bath for 5 minutes. The solution retains a slight red
colour.

Loss on drying
When dried to constant weight at 1300

, loses not more than
1.0% of its weight. Use 1 g.

ASSAY
Dissolve 2 g in 50 mL of waterand titrate with carbonate
free 1M sodium hydroxide VS determining the end point
potentiometrically. Each mL of 1M sodiumhydroxide VS is
equivalent to 0.120 g of NaHzP04•

7558-80-7

Action and use
Excipient.

Preparation
Phosphates Enema

Sodium Dihydrogen Phosphate
Anhydrous Sodium Dihydrogen Phosphate

NaHZP04 120.0

D. N-cyc1ohexylcyc1ohexanamine.

C. cyc1ohexanamine,

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 distilled water to produce 100 mL (solution S).

IDENTIFICATION
A. Solution S is slightbJ acid; 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
potassiumhydroxide yields reaction A characteristic of sodium
salts, Appendix VI.

D. Complies with the test for Loss on drying.

DEFINITION
Sodium Dihydrogen Phosphate contains not less than 98.0%
and not more than 100.5% ofNaHzP04, calculated with
reference to the dried substance.

A. sulfamic acid,

B. aniline (phenylamine)~

ASSAY
Dissolve without heating 0.150 gin 60 mL of anhydrous
acetic acid R. 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 20.12 mg
of C6HIZNNa03S,

IMPURITIES
Specifiedimpurities A, B~ C~ D.
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__________~ PhEur

B. Solution S gives the reactions of phosphates (2.3.1).

C. Solution S previously neutralised using a 100 giL solution
of potassium 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 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 II).

pH (2.2.3)
4.2 to 4.5.

To 5 mL of solution S add 5 mL of carbon dioxide-free
waterR.

Reducing substances
To 5 mL of solution S add 0.25 mL of 0.02M potassium
permanganate and 5 rnL of dilute sulfuric acidR and heat in a
water-bath for 5 min. The colour of the permanganate is not
completely discharged.

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 acidRand
dilute to 15 rnL with distilled waterR.

Arsenic (2.4.2, Method A)
Maximum 2 ppm, determined on 0.5 g.

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 0.50 g by
drying in an oven at 130°C.

ASSAY
Dissolve 2.500 g in 40 mL of waterR. Titrate with
carbonate-free 1 M sodium hydroxide, determining the
end-point potentiometrically (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 0.120 g
of NaHZP04 •

Sodium Dihydrogen Phosphate
Monohydrate

138.0 10049-21-5

IDENTIFICATION
A. Solution S is slightly acid, 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 S and 5 mL of carbon
dioxide-free water, 4;2 to 4.5, Appendix V L. ;

Clarity and colour of solution
Solution S is clear, Appendix IV A, and colourless,
Appendix IV B, Method II.

Arsenic
0.5 g complies with the limit testfor arsenic, Appendix VII
(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 testfor chlorides,
Appendix VII (200 ppm).

Sulfate
To 5 mL of solution S add 0.5 mL of hydrochloric acidand
dilute to 15 mL with distilled uater. The resulting solution
complies with the limit testfor sulfates, Appendix VII
(300 ppm).

Reducing substances
To 5 rnL of solution S add 0.25 mL of 0.02M potassium
permanganate and 5 mL of 1M sulfuric acidand heat in a
water bath for 5 minutes. The solution retains a slight red
colour.

Loss on drying
When dried to constant weight at 130°, loses 11.5 to 14.5%
of its weight. Use 0.5 g.

ASSAY
Dissolve 2.2 g in 50 mL of waterand titrate with carbonate
free 1M sodium hydroxide VS determining the end point
potentiometrically. Each mL of 1M sodium hydroxide VS is
equivalent to 0.120 g of NaHzP04 •

Sodium Feredetate
Action and use
Excipient.

Preparation
Phosphates Enema

DEFINITION
Sodium Dihydrogen Phosphate Monohydrate contains not
less than 98.0% and not more than 100.5% ofNaHzP04,

calculated with reference to the dried substance.

C~CTEFrrST1CS

Colourless crystals or a white powder.

Very soluble in water; very slightly soluble in ethanol (96%).

Dissolve 10.0 g in sufficient carbon dioxide-free waterprepared
from distilled water to produce 100 mL (solution S).

15708-41-5 (anhydrous)

Action and use
Source of iron.

Preparation
Sodium Feredetate Oral Solution
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2020

DEFINITION
Sodium Feredetate is iron(m) sodium ethylenediaminetetra
acetate trihydrate. It contains not less than 98.0% and not
more than 102.0% of ClOHIZOgNzFeNa, calculated with
reference to the anhydrous substance.

CHARACTERISTICS
A yellow or yellowish brown, crystalline powder.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of sodium feredetate
(RS 378).

B. Ignite 0.5 g and allow to cool. Dissolve the residue in
2 mL of hydrochloric acid, add sufficient water to produce
20 mL and filter. The filtrate yields reaction C characteristic
of iron salts, Appendix VI. Dilute 1 volume of the filtrate to
10 volumes with water, the solution yields reaction B
characteristic of iron salts, Appendix VI.

C. Dissolve 2 gin 30 mL of water, slowly add 6.5 mL of a
20% w/v solution ofpotassium 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 yields reaction B characteristic of sodium salts,
Appendix VI.

TESTS
Acidity
pH of a 1% w/v 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 gin sufficient water to produce 20 mL
and filter. Label three tubes A, Band C. Place 5 mL of the
filtrate into each of tubes A and B and 4 mL of waterand
1 mL of an iron standard solution prepared in the following
manner in tube C. For the iron standard solution dilute
25 volumes of a 0.1726% w/v solution of ammonium iron(Ill)
sulfate in 0.05M sulfuric acid to 200 volumes with water
(25 ppm of Fe(rn)). Add 1 mL of a 1.0% w/v solution of
disodium catechol-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, Appendix II B, using solution B in the
reference cell and of solution C using waterin the reference
cell. The absorbance of solution A is not greater than that of
solution C.

Free sodium edetate
To 4 mL of a 1.0% w/v solution add 2 mL of feme iron
standardsolution (50 ppm) and 1 mL of a 1.0% w/v solution
of disodium catechol-3,5-disulfonate and mix. Prepare a
standard in the same manner using 4 mL of a 0.010% w/v
solution of disodium edetate in place of the solution of the
substance being examined. Measure the absorbance of the
solutions at 670 nm, Appendix II B, using water in the
reference cell. The absorbance of the solution of the
substance being examined is not less than that of the
standard solution (1%).

Nitrilotriacetic acid
Carry out the method for liquidchromatography,
Appendix III D, protected from light, using the following
solutions.

SolventA To 10 volumes of a 50% w/v solution of ironttu)
sulfate pentahydrate in O.5M sulfuric acidadd 390 volumes of
water, adjust to a pH of 2.0 with 1M sodium hydroxide and
dilute to 500 volumes with water.

(1) 0.4% w/v of the substance being examined in solvent A.
Mix with the aid of ultrasound.

Sodium Feredetate 11-913

(2) 0.0004% w/v of nitrilotriacetic acid in solvent A.

(3) 0.0004% w/v of nitrilotriacetic acid in solution (1).

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (10 em x 4.6 mm) packed
with porous graphitic carbon (5 urn) (Hypercarb 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 a detection wavelength of 273 nm.

(f) Inject 20 J.tL of each solution.

MOBILE PHASE

To 50 volumes of a 0.01 % w/v solution of ironttu) sulfate
pentahydrate in O.5M sulfuric acid, add 750 volumes of water.
Adjust to a pH of 1.5 with O.5M sulfuric acid or 1M sodium
hydroxide and add 20 volumes of ethylene glycol. Dilute to
1000 volumes with water.

When the chromatograms are recorded under the prescribed
conditions the retention time relative to nitrilotriacetic acid
(retention time about 5 minutes) is: sodium feredetate,
about 2.0.

SYSTEM SUITABIUTY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution between the peaks due to
nitrilotriacetic acid and sodium feredetate is at least 4.0.

UMITS

In the chromatogram obtained with solution (1):

the area of any peak corresponding to nitrilotriacetic acid is
not greater than the area of the principal peak in the
chromatogram obtained with solution 2 (0.1 %);

Chlorides
Dissolve 1 g in 100 mL of waterand filter. 15 mL of the
filtrate complies with the limit testfor chlorides, Appendix vn
(350 ppm).

Sulfates
Dissolve 2 g in 40 mL of water, add 5 ml.-of a 20% w/v
solution of sodium hydroxide and sufficient water to produce
50 mL, shake and filter. Evaporate 6.2 mL of this solution to
dryness and ignite until no trace of carbon remains. Cool and
dissolve the residue in 10 mL of distilled water. Neutralise the
solution with 2M hydrochloric acid using litmus paperas
external indicator and add 2 mL in excess. Boil the solution,
cool, dilute to 15 mL with distilled waterand filter.
The filtrate complies with the limit testfor sulfates,
Appendix vn (600 ppm).

Water
12.0% to 13.5% w/w, Appendix IX C Method 1. 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 allow to stand for 5 minutes. Titrate the liberated iodine
with O.IM sodium thiosulfate VS using starch mucilage as
indicator. Repeat the procedure without the substance being
examined. The difference between the titrations represents
the amount of sodium thiosulfate required. Each mL of
O.IM sodium thiosulfate. VS is equivalent to 36.71 mg of
CloHlZOgNzFeNa.
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Sodium Fluoride
(Ph. Bur. monograph 0514)

NaF 41.99 7681-49-4

(10 ppm SOttJ 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 DC for 3 h.

Action and use
Used in prevention of dental caries.

Preparations
Sodium Fluoride Mouthwash

Sodium Fluoride Oral Drops

Sodium Fluoride Oral Solution

Sodium Fluoride Tablets

ASSAY
Dissolve 0.100 g in waterR 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
fluoride-selective indicator electrode and a silver-silver
chloride reference electrode.

I mL of 0.1 M lanthanum nitrate is equivalent to 12.60 mg of
NaF.

PhEur _ _ PhEur

PhEur _

Sodium Fusidate

751-94-0538.7

(Ph. Bur. monograph 0848)

DEFINITION
Sodium ent-(17Z)-16ex-(acetyloxy)-3~,11 ~-dihydroxy-4~,8,14
trimethyl-l Senor-Sji,1Oc-cholesta-I?(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
White or almost white, crystalline powder, slightly
hygroscopic.

Solubility
Freely soluble in water and in ethanol (96 per cent).

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium fusidate CRS.
B. Ignite 1 g. The residue gives reaction (a) of sodium
(2.3.1).

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution B6 (2.2.2, MethodIf).
Dissolve 1.5 g in 10 mL of water R.

Action and use
Antibacterial.

Preparation
Sodium Fusidate Ointment

DEFINITION
Content
98.5 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder or colourless crystals.

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 white precipitate is formed
that dissolves on adding 5 mL offerric chloride solution Rl,

B. To about 4 mg add a mixture of 0.1 mL of alizarin S
solution R and 0.1 mL of zirconylnitrate solution R and mix.
The colour changes 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, MethodIf).

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 waterR. Cool to
a DC 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 that persists 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 colour of the
indicator.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Fluorosilicates
Heat to boiling the neutralised solution obtained 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
colour of the indicator to red.

Sulfates (2.4.13)
Maximum 200 ppm.

Dissolve 0.25 gin 10 mL ofa 223 g/L solution of aluminium
nitrate R. Add 5 rnL of dist:illed waterRand 0.6 mL of
hydrochloric acid Rl. Prepare the standard by mixing 0.6 mL
of hydrochloric. acidtu, 5 mL of sulfate standard solution
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Flow rate 1.0 mlzmin.
Detection Spectrophotometer at 235 om.

Injection 20 J,LL.
Identification of impurities Use the chromatogram supplied
with fusidic 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, H and
N; use the chromatogram supplied withfusidic acid
impurity mixtureCRS and the chromatogram obtained with
reference solution (d) to identify the peaks due to
impurities I, K, Land M.

Relativeretention With 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.

pH (2.2.3)
7.5 to 9.0.

Dissolve 0.125 gin 10 mL of carbon dioxide-free waterR.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Solvent mixture methanolR, 5 gIL solution of phosphoric
acidR, acetonitrile R (10:40:50 V/V/V).

Test solution Dissolve 25 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 2 mg of jusidic acidfor peak
identification CRS (containing impurities A, B, C, D, F, G" H
and N) in the solvent mixture and dilute to 1.0 mL with the
solvent mixture.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture.

Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with the solvent mixture.

Reference solution (d5': Dissolve the contents of a vial ofjusidic
acid impurity mixtureCRS (containing impurities I, K, L
and M) in 1.0 mL of the solvent mixture.

Column:
- size: l =0.15 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsiZyI silica gelfor

chromatography R (3.5 J.I.IIl);
- temperature: 30°C.

Mobz1e phase:
- mobile phaseA: methanolR, acetonitrile R, 5 gIL solution of

phosphoric acidR (20:40:40 V/V/V);
- mobile phaseB: 5 gIL solution ofphosphoric acidR,

methanol R, acetonitrile R (10:20:70 V/V/V);

Time
(min)

0-3

3 - 28

28 - 33

Mobile phase A
(per cent VIJl)

100

100 -+ 0

o

Mobile phase B
(per cent VIJ')

a
0-+100

100

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 1= 0.6;
impurity K =0.6;

- impurity NI: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(1.0 per cent);

- impun'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);

- impurity 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);

- impurity B: not more than 4 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.4 per cent);

- impurity 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 impurities: 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 gin 30 mL of water R and add 40 mL of
ethanol (96 per cent) R. Titrate with 0.1 M hydrochloric acid,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M hydrochloric acid is equivalent to 53.87 mg of
C31H47Na06.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8°C.

IMPURITIES
Specified impurities A, B, C, D, F, G, I, K, L, M, N.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorotherof the tests
in themonograph. They are limited by thegeneral 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 for pharmaceutical use) E, H,], O.
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11-916 Sodium Fusidate

",OyCH3 and epimer at C"
'H

°

A. ent-(24SR, 17Z)-16cr-(acetyloxy)-3~,11 ~,24,25
tetrahydrcxy-djl,8, l-l-trimethyl-Ib-nor-Sjl, LOc-cholest-I?
(20)-en-21-oic acid (24,25-dihydro-24,25-dihydroxyfusidic
acid),

2020

E. ent-(17Z,24EZ)-16cx.-(acetyloxy)-3~,11~,26-trihydroxy
4~,8, 14-t:r'im;~thyl-18-nor-5~, l Oo-cholesta-I? (20),24-dien
21-oic acid (26-hydroxyfusidic acid),

and epimer at C"

CHO

B. ent-(17Z)-3~,11P-dihydroxy-17-[(6SR)-6-hydroxy-7,7

dimethyl-2-oxooxepan-3-ylidene]-4~,8,14-trimethyl-18
nor-5~, lOcr-androstan-16cr-yl acetate (24,25-dihydro
24,25-dihydroxyfusidic acid 21,25-lactone),

c. ent-(17Z)-3~,IIP-dihydroxy-17-[(6S)-6-(l-hydroxy-l
methylethyl)-2-oxodihyclro-2H-pyran-3(4H)-ylidene]
4~,8,14-trimethyl-18-nor-5~,10cr-androstan-16cr-yl acetate
((24R)-24,25-dihydro-24,25-dihydroxyfusidic acid 21,24
lactone),

D. ent-(17Z)-3~,11 ~-dihyclroxy-17-[(6R)-6-(l-hydroxy-l
methylethyl)-2-oxodihyclro-2lf-pyran-3(4H)-ylidene]-
4 ~,8, 14-trimethyl-18-nor-5~,10cx.-androstan-16cr-yl acetate
((24S)-24,25-dihydro-24,25-dihyclroxyfusidic acid 21,24
lactone),

F. ent-(l7Z,24EZ)-16cr-(acetyloxy)-3~,11j3-dihyclroxy
4p,8, 14-trimethyl-26-oxo-18-nor-5~,1Oo-cholesta-I 7
(20),24-dien-21-oic acid (26-oxofusidic acid),

G. em-(17Z)-16cr-(acetyloxy)-11~-hydroxy-4~,8,14-trimethyl
3-oxo-18-nor-5~,1Ocx.-cholesta-17(20),24-dien-21-oic acid
(3-didehyclrofusidic acid),

H. ent-(17Z)-16cr-(acetyloxy)-3~-hydroxy-4~,8,14-trimethyl
11-oxo-18-nor-5p, l Oce-cholesta-I?(20),24-dien-21-oic acid
(11-didehydrofusidic acid),
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2020 Sodium Glycerophosphate 11-917

°

°

yO..... pNa
HO. P-ONa

II
o

HO

• X H20

H OH
HO~O ..... pNa

~-ONa +
o

and enantiomer • x H20

O. ent-(172)-3~, 11~, 16ex-trihydroxy-4~,8,14-trimethyl-18
nor-5~,1Oc-chclesta-l7(20) ,24-dien-21-oic acid
(deacetylfusidic acid).

M.ent-(l72)-16ex-(acetyloxy)-3 ~-hydroxy-4~,8,14-trimethyl
18-nor-5~,10ex-cholesta-17(20),24-dien-21-oicacid (11-
deoxyfusidic acid), .

N. unknown structure,

Hydrated Sodium
Glycerophosphate
(Ph. Bur. monograph 1995)

____________________ PhEur

K. ent-(17Z)-3~,11 ~-dihydroxy-4~,8,14-trimethyl-18-nor
5~,1Oc-cholesta-I?(20),24-dieno-21 (16ex)-lactone
(deacetylfusidic acid 21,16-lactone),

J. ent-(17Z)-3~,11 ~-dihydroxy-4~,8,14-trimethyl-18-nor
5~,10ex-cholesta-17(20),24-dieno-21(16~)-lactone (16-epi
deacetylfusidic acid 21, 16-lactone),

I. ent-(17Z)-3~,11 ~,16~-trihydroxy-4~,8,14-trimethyl-18

nor-5~,10ex-cholesta-17(20),24-dien-21-oic acid (16-epi
deacetylfusidic acid),

L. ent-(17Z)-16ex-(acetyloxy)-3~-hydroxy-4~,8,14-trimethyl

18-nor-5~,10ex-cholesta-9(l1),17(20),24-trien-21-oic acid
(9,II-anhydrofusidic acid),

C3H7Naz06P,xHzO 216.0
(anhydrous substance)

PhEur _

DEFINITION
Mixture of variable proportions of hydrated disodium (2RS)
2,3-dihydroxypropyl phosphate and hydrated disodium
2-hydroxy-l-(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 almost white, crystalline powder or crystals.

Solubility
Freely soluble 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).
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PhEur _

9067-32-7

percentage content of water;
volume of 0.05 M sulfuric acidused in the assay, in millilitres;
volume of 0.1 M hydrochloric acidused in the test for alkalinity,
in millilitres;
mass of the substance to be examined, in grams.

216.0(n1 -~)
m(100 - a)

m

Action and use
High viscosity mucopolysaccharide.

(Ph. Bur. monograph 1472)

DEFINITION
Sodium salt of hyaluronic acid, a glycosaminoglycan
consisting of D-glucuronic acid and N-acetyl-D-glucosamine
disaccharide units. It is extracted from cocks' combs or
obtained by fermentation from Streptococci, Lancefield
Groups A and C.

Content
95.0 per cent to 105.0 per cent (dried substance).

Intrinsic viscosity: 90 percent to 120 per cent of the value
stated on the label.

sodium Hyaluronate

_____________________ PhEur

PRODUCTION
Where applicable, the animals from which sodium
hyaluronate is derived must fulfil the requirements for the
health of animals suitable for human consumption.

When produced by fermentation of gram-positive bacteria,
the process must be shown to reduce or eliminate pyrogenic
or inflammatory components of the cell wall.

CHARACTERS
Appearance
White or almost white, very hygroscopic powder or fibrous
aggregate.

Solubility
Sparingly soluble or 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

B. To 0.1 g add 5 mL of dilute nitric acidR. Heat to boiling
and boil for 1 min, Cool. The solution gives reaction (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 sulfate R. Heat strongly and direct the
white vapour into 5 mL of decolorised fuchsin solution R.
A violet-red colour develops which becomes violet upon
heating for 30 min on a water-bath.

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-not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2~ Method II).

Alkalinity
To 10 mL of solution S add 0.2 mL of phenolphthalein
solution R. Not more than 1.0 mL of 0.1 M hydrochloric acid
is required to change the colour of the indicator (n2)'

Glycerol and ethanol (96 per cent)-soluble substances
Maximum 1.0 per cent.

Shake 1.000 g with 25 mL of ethanol (96 per cent) R for
10 min. Filter. Evaporate the filtrate on a water-bath and dry
the residue at 70°C for 1 h. The residue weighs not more
than 10 mg.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 2.5 mL of solution S to 15 mL with waterR.

Phosphates (2.4.11)
Maximum 0.1 per cent.

Dilute 1 mL of solution S to 10 mL with waterR. Dilute
1 mL of this solution to 100 mL with water R.

Sulfates (2.4.13)
Maximum 500 ppm.

Dilute 3 mL of solution S to 15 mL with waterR.

Calcium
Maximum 100 ppm, if intended for use in the manufacture
of parenteral preparations.

Inductively coupled plasma-atomic emission spectrometry
(2.2.57).

Testsolution Dissolve 0.50 g in a 1 per cent VIV solution of
nitric acidR and dilute to 50.0 mL with the same solution.

Reference solutions Prepare the reference solutions using
calcium standard solution (100 ppm Ca) R~ diluting with a
1 per cent VIV solution of nitric acidR.
Wavelength 396.8 nm.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.

Water (2.5.12)
25.0 per cent to 35.0 per cent, determined on 0.100 g.

ASSAY
Dissolve 0.250 g in 30 mL of water R. Titrate with 0.05 M
sulfuric acid, determining the end-point potentiometrically
(2.2.20), (nl)'

Calculate the percentage content of sodium glycerophosphate
(anhydrous substance) using the following expression:
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solution of sodium chloride R. Mix gently on 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 nm is not greater than 0.01.

pH (2.2.3)
5.0 to 8.5.

Dissolve the substance to be examined in carbon dioxide-free
waterR to obtain a solution containing a quantity equivalent
to 5 mg of the dried substance per mil1ilitre.

Intrinsic viscosity
Sodium hyaluronate is very hygroscopic and must beprotected

, from moisture duringwei'ghing.

Buffer solution (0.15 M sodium chloride in 0.01 M phosphate
buffer solution pH 7.0). Dissolve 0.78 g of sodium dihydrogen
phosphate Rand 4.50 g of sodium chloride R in waterRand
dilute to 500.0 mL with the same solvent (solution A).
Dissolve 1.79 g of disodium hydrogen phosphate
dodecahydrate R and 4.50 g of sodium chloride R in waterR
and dilute to 500.0mL with the same solvent (solution B).
Mixsolutions A andB 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: this value is
onlyindicative and shouldbe adjusted afteran initial
measurement of the viscosiTJI of test solution (a)) of the substance
to be examined and dilute with 50.0 g (mos) of buffer
solution at 4°C. Mix the solution by shaking at 4 °C during
24 h. Weigh 5.00 g (mIp) of the solution and dilute with
100.0 g (mls) 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 first 10 mL.
Test solution (b) Weigh 30.0 g (mzp) of test solution (a) and
dilute with 10.0 g (mzJ 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 first 10 mL.
Test solution (c) Weigh 20.0 g (m3p) of test solution (a) and
dilute with 20.0 g (m3J 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 first 10 mL.
Test solution (d) Weigh 10.0 g (m4p) of test solution (a) and
dilute with 30.0 g (m4J 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 first 10 mL.
Determine the flow-times (2.2.9) for the buffer solution (to)
and for the 4 test solutions (tI, tz, t3 and t4), at
25.00 ± 0.03 0C. Use an appropriate suspended level
viscometer (specifications: viscometer constant about
0.005 mmz/sz, kinematic viscosity of 1-5 mmvs, internal
diameter of tube R 0.53 nun, volume of bulb C 5.6 mL,
internal diameter of tube 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 tl 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 relative viscosities

Since the densities of the sodium hyaluronate solutions and
of the solvent are almost equal, the relative viscosities YJri
(being YJrl' YfrZ, YJr3 and YJrJ can be calculated from the ratio
of the flow times for the respective solutions ~ (being tb 0.,
t3and t4) to the flow time of the solvent to, but taking into

Sodium Hyaluronate 11-919

account the kinetic energy correction factor for the
capillary (B =30 800 S3), using the following expression:

B
ti-2

ti
~
to-~

Calculation of the concentrations

Calculate the concentration Cl (expressed in kg/m") of
sodium hyaluronate in test solution (a) using the following
expression:

mOp x x.x (100 - h) xmlp XP25

100 x 100 x (mop +mos) x (ml p +m!s)

x percentage content of sodium hyaluronate as determined under
Assay;

h percentage loss on drying;
P25 1005 kgfm3 (density of the test solution at 25°C).

Calculate the concentration Cz (expressed in kg/m") of
sodium hyaluronate in test solution (b) using the following
expression:

Calculate the concentration C3 (expressed in kg/rrr') of
sodium hyaluronate in test solution (c) using the following
expression:

m3pCl X -_.:....--
m3s +m3p

Calculate the concentration C4 (expressed in kglm3) of
sodium hyaluronate in test solution (d) using the following
expression:

Calculation of the intrinsic tnscosity

Calculate the intrinsic viscosity [YJ] by linear least-squares
regression analysis using the Martin equation:

The decimal antilogarithm of the intercept is the intrinsic
viscosity expressed in m3/kg.

Sulfated glycosaminoglycans
Maximum 1 per cent, if the product is extracted from cocks'
combs.

Appropriate safety precautions are to be takenwhen handling
perchloric acidat elevated temperature.

Testsolution 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 mm in internal diameter and
dissolve in 1.0 mL of perchloric acidR.

Reference solution Dissolve 0.149 g of anhydrous sodium
sulfate R in waterR and dilute to 100.0 mL with the same
solvent. Dilute 10.0 mL of this solution to 100.0 mL with
waterR.~vaporate 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 perchloric 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
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180 "C and heat until clear, colourless solutions are obtained
(about 12 h). Remove the test-tubes 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 run,
using water R 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 run 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.

Test solution (a) 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.

Testsolution (b) Mix equal volumes of test solution (a) and
waterR.

Reference solutions Prepare a 0.5 mg/ml, stock solution of
bovinealbumin R in waterR. Prepare 5 dilutions of the stock
solution containing between 5 ug/ml, and 50 ug/ml, of bovine
albumin R.
Add 2.5 mL of freshly prepared cupri-tartaric 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
plwsphomolybdotungstic reagent R and waterR prepared
immediately before use. Mix after each addition. After
30 min, measure the absorbance (2.2.25) of each solution at
750 nm against the blank. From the calibration curve
obtained with 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 II).

Test solution Dissolve a quantity of the substance to be
examined equivalent to 0.25 g of the dried substance in
1 mL of nitric acid R by heating on a water-bath. Cool and
dilute to 10.0 mL with waterR.
Reference solutions Prepare 2 reference solutions in the same
manner as the test solution, adding 1.0 mL and 2.0 mL
respectively of iron standardsolution (lO ppm Fe) R to the
dissolved substance to be examined.

Source Iron hollow-cathode lamp using a transmission band
of 0.2 nm.

Wavelength 248.3 run.

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 diphosphorus pentoxide R for 6 h.

l\lficrobial contamination
TAL\,lC: acceptance criterion 102 CFU/g (2.6.12). Use 1 g of
the substance to be examined.

Bacterial endotoxins (2.6.14)
Less than 0.5 ill/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
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procedure for the removal of bacterial endotoxins; less than
0.05 ill/mg, if intended for use in the manufacture of intra
ocular preparations 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.

ReagentA Dissolve 0.95 g of disodium tetraborate R in
100.0 mL of sulfuric acid R.

ReagentB Dissolve 0.125 g of carbazole 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 waterR and

dilute to 100.0 g with the same solvent. Dilute 10.0 g ofthis
solution to 200.0 g with waterR.

Reference stock solution Dissolve 0.100 g of D-glucuronic
acid R, previously dried to constant mass in vacuum over
diphosphorus pentoxide R (2.2.32), in waterR and dilute to
100.0 g with the same solvent.

Reference solutions Prepare 5 dilutions of the reference stock
solution containing between 6.5 Ilglg and 65 Ilg/g of
o-glucuronic 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 1 to 15 (reference tubes), 1.0 mL of the 3 test
solutions in triplicate to the test-tubes 16 to 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,
prevssusly cooled in iced water. Tightly close the test-tubes
with plastic caps, shake the contents, and place on a water
bath for exactly 15 min. Cool in iced water, and add to each
test tube 0.20 mL of reagent B. Recap the tubes, shake, and
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 nm, against the blank.

From the calibration curve obtained with the mean
absorbances read for each reference solution, determine the
mean concentrations of n-glucuronic acid ill the test
solutions.

Calculate the percentage content of sodium hyaluronate
using the following expression:

~ xZx~ x 401.3
c, 100 - h 194.1

Cg mean of concentrations of n-glucuronic acid in the test
solutions, in milligrams per gram;

Cs mean of concentrations of the substance to be examined in the
test solutions, in milligrams per gram;

Z determined percentage content of C6HlO07 in D-g[ucuront"c
acidR;

h percentage loss on drying;
401.3 relative molecular mass of the disaccharide fragment;
194.1 relative molecular mass of glucuronic acid.

STORAGE
In an airtight container, protected from light and humidity.
If the substance is sterile, store in a sterile, airtight, tamper
proof container.

LABELLING
The label states:
-..,..- the intrinsic viscosity;
- the origin of the substance;
- the intended use of the substance;
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- where applicable, that the substance is suitable for
parenteral administration other than intra-articular
administration;

- where applicable, that the substance is suitable for
parenteral administration, including intra-articular
administration;

- where applicable that the material is suitable for intra
ocular use.

____________________ PhEur

Sodium Hydroxide

Sodium Iodide 11-921

ASSAY
Dissolve 2.000 g in about 80 mL of carbon dioxide-free
waterR. Add 0.3 mL of phenolphthalein solution R and titrate
with 1 M hydrochloric acid. Add 0.3 mL of methylorange
solution R and continue the titration with 1 M hydrochloric
acid.
1 mL of 1 M hydrochloric acid used in the 2n d part of the
titration is equivalent to 0.1060 g of Na2C03'

1 mL of 1 M hydrochloric add used in the combined titrations
is equivalent to 40.00 mg of total alkali, calculated as NaOH.

STORAGE
In an airtight, non-metallic container.
____________________ PhEur

Caustic Soda

(Ph. Bur. monograph 0677)

NaOH 40.00 1310-73-2 Sodium Iodide

7681-82-5

PhEur _

DEFINITION
Content . .
97.0 percent to 100.5 per cent.

CHARACTERS
Appearance
White or almost white, crystalline masses, supplied as pellets,
sticks or slabs, deliquescent, readily absorbing carbon
dioxide.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICAtION
A. pH (2.2.3): minimum 11.0.

Dissolve 0.1 g in 10 mL of waterR. Dilute 1 mL of the
solution to 100 mL with waterR.

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 gin 12 mL of water R. Add 17 mL of hydrochloric
acid Rl, adjust to pH 7 with a 103 gIL solution of
hydrochloric acidR and dilute to 50 mL with waterR.

Appearance of solution
The solution is clear (2.2.1) 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 Na2C03 as determined
in the assay.

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 ginS mL of water R, acidify the solution with
about 4 mL of nitric acid R and dilute to 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 waterR, adjust to pH 7
with hydrochloric acid R and dilute to 15 mL with distilled
water R.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.

(Ph. Bur. monograph 0196)

NaI 149.9

Preparation
Sodium Iodide Injection
PhEur ~ _

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals, hygroscopic.

Solubility
Very soluble in water, freely 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 sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR 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, Method II).

Alkalinity
To 12.5 mL of solution S add 0.1 mL of bromothymol blue
solution R1. Not more than 0.7 mL of 0.01 M hydrochloric
acid is required to change the colour of the indicator.

Iodates
To 10 mL of solution S add 0.25 mL of iodide-free starch
solution Rand 0.2 mL of dilute sulfuric acidR and allow to
stand protected from light for 2 min. No blue colour
develops.

Sulfates (2.4.13)
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 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 waterR.
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11-922 Sodium Lactate Preparations

Loss on drying (2..232);
Maximum 3.0 per cent, determined on 1.00 g by drying in
an oven at 105°C for 3·h.

ASSAY
Dissolve 1.300 gin 'W(JJJ"D"1R and dilute to 100.0 mL with the
same solvent. To 20.0 mL of the solution add 40 mL of
hydrochloric acid R 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 decolorised.

1 mL of 0.05 M potas.w.JJJn iodate is equivalent to 14.99 mg of
NaI.

STORAGE
Protected from light.
_____________________ PhEur

Sodium Lactate Solution
(Ph. Bur. monograph 1151)

Action and use
Systemic alkalinising aIgeDlt.

Ph Eur _

DEFINITION
Solution of a mixture of the enantiomers of sodium
2-hydroxypropanoate in. approximately equal proportions.

Content
Minimum declared content 50 per cent mlm of sodium
2-hydroxypropanoate (C3Hs;l'la03; M r 112.1); 96.0 per cent
to 104.0 per cent of the content of sodium lactate stated on
the label.

CHARACTERS
Appearance
Clear, colourless, slightly S]I1UPY liquid.

Solubility
Miscible with water and with ethanol (96 per cent).

IDENfIFlCATION
A. To 0.1 mL add 10 mI.,. of waterR. 5 mL of the solution
gives the reaction of lactates (2.3.1).

B. It gives reaction (a) ef sodium (2.3.1).

TESTS
Solution S
Dilute a quantity of the substance to be examined
corresponding to 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 (2.2.2,
Method II).

pH (2.2.3)
6.5 to 9.0 for the substance to be examined.

Reducing sugars and sucrose
To 5 mL of the substance to be examined add 0.2 mL of
copper sulfate solution R and 2 rnL 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 hydrochloric acidR.
Boil for 1 min. Add 6 mL of strong sodium hydroxide
solution R and heat to bQilmg again, The solution is clear and
blue.

2020

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 15 mL with waterR.
The solution complies with the test for chlorides.

Oxalates and phosphates
To 1 mL of the substance to be examined add 15 mL of
ethanol (96 per cent) Rand 2 mLof 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 water R.

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 acidR1
and dilute to 15 mL With distilled water R. The solution
complies with the test for sulfates without addition of 0.5 mL
of acetic acid R. Acidify the standard solution with 0.05 mL
of hydrochloric acidR1 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 1). 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).

Modifier solution Dissolve 100.0 g of ammonium nitrate R in
a mixture of 4 mL of nitric acidRand 50 p:1L of waterR and
dilute to 200 mL with waterR.
Blank solution Dilute to 2.0 mL of the modifier solution to
25.0 mL with waterR.

Testsolution 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 standard solution (200 ppm
Al) R.

Source Aluminium hollow-cathode lamp.

Wavelength 309.3 nm.

Atomisation device A 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.

Barium
To 10 mL of solution S add 10 mL of calcium sulfate
solution R. Allow to stand for 30 min. Any opalescence
(2.2.1) in the solution is not more intense than that of a
standard prepared at the same time and in the same manner
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using a mixture of 10 mL of solution Sand 10 rnL of distilled
water R.

Iron (2.4.9)
Maximum 10 ppm calculated with reference to sodium
lactate.

Dilute 5 mL of solution S to 10 mL with waterR.
The solution complies with the test for iron.

Bacterial endotoxins (2.6.14)
Less than 5 IU/g, if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Dissolve a quantity of the substance to be examined
corresponding to 75.0 mg of sodium lactate in a mixture of
10 mL of glacialacetic add R and 20 rnL of acetic
anhydride R. Allow to stand for 15 min. Add 1 mL of
naphtholbenzein solutionR and titrate with 0.1 M perchloric
add.

1 ml.rof 0.1 M perchloric add is equivalent to 11.21 mg of
C3HsNa03'

LABELLING
The label states:
- where applicable, that the substance is suitable for use in

the manufacture of dialysis, haemodialysis and
haemofiltration solutions,

- where applicable, that the substance is suitable for use in
the manufacture of parenteral preparations,

- the declared content of sodium lactate.
_____________________ PhEur

Sodium (5)-Lactate Solution
(Ph. Bur. monograph 2033)

PhEur _

DEFINITION
Content
Minimum 50.0 per cent mlm of sodium (S)-2
hydroxypropanoate (C3HsNa03; M r 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.

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 oflaetates (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 be examined
corresponding to 40.0 g of sodium lactate to 200 mL with
distilled waterR.

Sodium Lactate II-923

Appearance of solution
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution BY7 (2.2.2,
lVlethod If).

pH (2.2.3)
6.5 to 9.0 for the substance to be examined.

Reducing sugars and sucrose
To 5 mL of the substance to be examined add 2 mL of dilute
sodium hydroxide solution 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 add R.
Boil for 1 min. Add 6 mL of strong 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 15 mL with waterR.

Oxalates and phosphates
To 1 mL of the substance to be examined add 15 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 1 rnL
of the substance to be examined, 15 mL of ethanol
(96 per cent) Rand 2 mL of waterR.

Sulfates (2.4.13)
Maximum 100 ppm calculated with reference to sodium
lactate.
To 7.5 rnL of solution S, add 1.9 mL of hydrochloric add Rl
and dilute to 15 mL with distilled waterR; The solution
complies with the limit test for sulfates without addition of
0.5 mL of acetic acid R. Acidify the standard solution with
0.05 rnL of hydrochloric acid Rl 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, lVlethod f). 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).

Modifiersolution Dissolve 100.0 g of ammonium nitrateR in
a mixture of 50 rnL of waterRand 4 rnL of nitric acid Rand
dilute to 200 rnL with water R.

Blank solution Dilute 2.0 rnL of the modifier solution to
25.0 mL with waterR.

Testsolution To 1.25 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 At) R.

Source Aluminium hollow-cathode lamp.
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PhEur _

(ph. Bur. monograph 2542)

Sodium Lauroylsarcoslnste for
External Use

137-16-6293.4

o

H3C~N/"o...cO:zNa
I
CH3

Action and use
Surfactant.

DEFINITION
Mixture of sodium N-acyl-N-methylglycinates, mainly
consisting of sodium N-Iauroyl-N-methylglycinate (sodium
[dodecanoyl(methyl) amino] acetate).

A suitable che1ating agent (e.g. edetic acid (EDTA)) may be
added.

PRODUCTION
Sodium lauroylsarcosinate is typically obtained using the
reaction of lauroyl chloride with sodium sarcosinate (sodium
N-methylglycinate) under aqueous alkaline conditions.

The production method is validated to ensure a limit of
maximum 0.1 per cent of free sodium sarcosinate.

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water giving a clear or slightly turbid
solution, sparingly soluble in ethanol 96 per cent.

mp
About 145°C.

IDENTIFICATION
A. Dissolve 0.1 gin 10 mL of waterR and-shake. Copious
foam is formed.

B. Examine the chromatograms obtained in the test for
composition of fatty acids.

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).

C. Place 0.5 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 mL of waterR.
0.5 mL of the solution obtained gives reaction (b) of sodium
(2.3.1). Rub the inside of the tube to initiate the
precipitation.

TESTS
pH (2.2.3)
7.5 to 8.5.

Dissolve 3.0 g in carbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Composition of fatty acids
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution (aj To 2.5 g in alSO mL round-bottomed
flask add 30.0 mL of boron trifluoride-methanol solution R, fit a
reflux condenser and boil for 20 min. Add 120· mL of hot

Wavelength 309.3 run.

Atomisation device A 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.

Barium
To 10 rnL of solution S add 10 mL of calcium sulfate
solution R. Allow to stand for 30 min. Any opalescence
(2.2.1) 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 1,0 mL of solution S and 10 ml, of distilled
waterR.

Iron (2.4.9)
Maximum 10 ppm calculated with reference to sodium
lactate.

Dilute 5 mL of solution S to 10 mL with waterR.

Bacterial endotoxins (2.6.14)
Less than 5 IU/g if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Dissolve a quantity of the substance to be examined
corresponding to 75.0 mg of sodium lactate in a mixture of
10 mL of glacialacetic acid Rand 20 mL of acetic
anhydride R. Allow to stand for 15 min. Add 1 mL of
naphtholbenzein solution R and titrate with 0.1 M perchloric
acid.

1 mL of 0.1 M perchloric acid is equivalent to 11.21 mg of
C3HsNa03'

(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
waterR 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 + 24.04 x ct x -;;; x ~

IX angle of optical rotation (absolute value);
m mass of the substance to be examined, in grams,

percentage content of C3HsNa03 in the substance to be
examined.

The complex of sodium (S)-lactate formed under these test
conditions is leavorotatory.

LABELLING
The label states:
- where applicable, that the substance is suitable for use in

the manufacture of dialysis, haemodialysis and
haemofiltration solutions,

- where applicable, that the substance is suitable for use in
the manufacture of parenteral preparations,

- the declared content of sodium lactate.
_____________________ PhEur
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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.
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 to
10.0 mL with heptane R.

Reference solution (c) To 0.5 g of sodium
lauroylsarcosinate CRS in a 25 mL round-bottomed flask, add
6.0 mL of boron trifluoride-methanol solution R, fit a reflux
condenser and boil for 20 min. Add 20.0 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 0.25 g of the
methyl e~ters in 50.QmL of heptane R.

Table 2542.-1. - Mixture ofcalibrating substances

Sodium Lauroylsarcosinate 11-925

0.05 per cent of the total area of the peaks used for
quantification.

Composition ofthe fatty-acid fraction of the substance Test
solution (a):
- capric acid: maximum 0.5 per cent;
- lauric acid: minimum 98.0 per cent;
- myristicacid: maximum 1.5 per cent.

Sodium. laurate
Proceed as described in the test for composition of fatty acids
with the following modifications.

Internalstandard undecanoic acid R.
Testsolution To 2.5 g in a 150 mL round-bottomed flask •
add 0.100g of the internal standard. Add 30.0-mL of boron,
trifluoride-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:

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.25 mm;
- stationary phase: macrogol 20 000 R (film thickness

0.25 1Jl11).

Carrier gas heliumfor chromatography R.

Split ratio 1:5.

Temperature:

Mixture of the following substances

Methyl caproate R

Methyl caprylcite R

Methyl decanoate R

Methyllaurate R

Methyl myristate R

Column

Injection port

Detector

Time
(min)

0-3

3 - 13

13 - 19

19 - 29

29 - 31

31 - 40

Composition (per cent m/m)

10

10

20

20

40

Temperature
("C)

100

100 -> 200

200 -> 230

230

230 -> 250

250

250

250

Al x m2 x 1.110 x 100

A2 x m l

Al area of the peak due to methyllaurate in the chromatogram
obtained with the test solution;

A z area of the peak due to methyl undecanoate in the
chromatogram obtained with the test solution;

ml mass of the substance to be examined in the test solution, in
grams;

mz mass of the internal standard in the test solution, in grams;
1.110 ratio of the molecular mass of sodium laurate to that of lauric

acid (222/200).

Limit:
- sodium laurate: maximum 5.0 per cent.

Sodium chloride
Maximum 0.5 per cent.

Dissolve 0.500 gin 50 mL of a mixture of equal volumes of
ethanol (96 per cent) R and water R. Add 10 mL of nitric
acidR and titrate with 0.005 M silver nitrate, determining the
end-point potentiometrically (2.2.20).

Calculate the percentage content of sodium chloride using
the following expression:

Mx Vx 58,44

mxlO

M molarity of the silver nitrate solution, in moles per litre;
V volume of 0.005 M silvernitrate used, in mL;
m mass of the substance to be examined, in grams.

Detection Flame ionisation.

Injection 1 ilL.

Identification of peaks Use the chromatogram obtained with
reference solution (a) to identify the peaks due to methyl
caprylate, methyl decanoate, methyl laurate and methyl
myristate.

System suitability:
- resolution: minimum 4.0 between the peaks due to methyl

caprylate and methyl decanoate in the chromatogram
obtained with reference solution (a);

- signal-to-noise ratio: minimum 20 for the peak due to
methyllaurate in the chromatogram obtained with
reference solution (b).

Disregard any peak eluting after the peak due to methyl
myristate, as well as any peak with an area less than

Sodium sulfate
Maximum 1.5 per cent.

Testsolution In alSO mL borosilicate-glass beaker, dissolve
0.3 gin 20 mL of deionised distilled waterR. Add 0.3 mL of
naphtharson solution Rl, 1.0 mL of perchloric acidRand
70.0 mL of 2-propanol 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 formation of bubbles.

1 mL of 0.005 M barium perchlorate is equivalent to
0.7102 mg of NaZS0 4.
______________________ PhEur
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PhEur _

_____________________ PhEur

DEFINITION
Sodium metabisulfite also called sodium disulfite.

Content
95.0 per cent to 100.5 per cent.

necessary, to promote separation of the 2 layers. Wash the
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 solvent has evaporated.
Heat the residue at 105°C for 30 min and cool. The residue
weighs a maximum of 0.4 g.

Sodium chloride and sodium sulfate
Maximum 8.0 per cent for the total percentage content.

Sodium chloride Dissolve 5.00 g in 50 mL of water R, add
dilute nitricadd R dropwise, if necessary, until the solution is
neutral, and add 5.0 mL of a 5.84 gIL solution of sodium
chloride R. Titrate with 0.1 M siloer nitrate using 0.1 mL of a
2 g/L solution of sodium fluoresceinate R as indicator, to the
first appearance of turbidity with solution colour change from
yellowish-green to orange through to yellow. Perform a blank
determination.
1 mL of 0.1 M siloer nitrateis equivalent to 5.844 mg of
NaCI.
Sodium sulfate Dissolve 1.00 g in 10 mL of water R, add
100 mL of ethanol (96 per cent) R and heat at a temperature
just below the boiling point for 2 h. Filter while hot through
a glass filter with a porosity of 5-10 um and wash with
100 mL of boiling ethanol (96 per cent) R. Dissolve the
precipitate by washing with 150 mL of waterR, collecting the
washings in a beaker. Add 10 mL of dilute hydrochloric acidR,
heat to boiling, add 25 mL of a 120 gIL solution of barium
chloride R and allow to stand overnight. Collect the
precipitate and wash with waterR until the last washing
shows no opalescence with O. 1 M silver nitrate. Dry the
precipitate, ignite to constant mass at 500-600 °C by raising
the temperature gradually, and weigh as barium sulfate.

1 mg of barium sulfate is equivalent to 0.609 mg of NazS04'

ASSAY
Dissolve 1.50 g in waterR, warming if necessary, and dilute
to 1.0 L with the same solvent. To 10.0 mL of the solution
add 15 mL of methylene chloride R, 20 mL of water R and
25 mL of methylene bluesolution R. Titrate with
0.004 M benzethonium chloride, shaking vigorously and
allowing the layers to separate before each addition, until
almost the same blue colour is obtained in the 2 layers.

1 mL of 0.004 M benzethonium chloride is equivalent to
1.154 mg of sodium alkyl sulfates, expressed
as ClzHz5Na04S,

7681-57-4

Sodium Metabisulfite
Sodium Metabisuphite

Sodium Pyrosulphite

(Ph. Bur. monograph 0849)

NazSzOs 190.1

Action and use
Antioxidant.

Ph Eur _

Sodium Dodecyl Sulfate

Sodium Lauryl Sulphate

(Sodium Laurilsulfate, Ph. Bur. monograph 0098)

Sodium dodecyl sulfate: 151-21-3

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

Sodium Laury! Sulfate1

DEFINmON
MPtture of sodium alkyl sulfates consisting mainly of sodium
dodecyl sulfate (C12H25Na04S;M r 288.4).

Content
- sodium alkyl sulfates: minimum 85.0 per cent, expressed as

ClzHz5Na04S,

+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
A. Dissolve 0.1 gin 10 mL of waterR and shake. A copious
foam is formed.

B. To 0.1 mL of the solution prepared for identification
test A, add 0.1 mL of a 1 gIL solution of methylene blue R
and 2 mL of dilute sulfuric acidR. Add 2 mL of methylene
chloride R and shake. An intense blue colour develops in the
methylene chloride layer.

C. Place 2.5 g in a silica or platinum crucible and add 2 mL
of a 500 g/L solution of sulfuric acid R. 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 all black particles have
disappeared. Cool, add a few drops of a 100 gIL solution of
sulfuric add R, 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
potassiumpyroantimonate solution Rl. If necessary, rub the
inside of the test-tube with a glass rod. A white, crystalline
precipitate is formed.

D. Prepare a 100 gIL solution. After acidification with
hydrochloric acid R and boiling for 20 min, no precipitate is
formed. Add a 120 gIL solution of barium chloride R; a white
precipitate is produced.

TESTS
Alkalinity
Dissolve 1.0 g in 100 mL of carbon dioxide-free waterR and
add 0.1 mL of phenol redsolution R. Not more than 0.5 mL
of O. 1 M hydrochloric acid is required to change the colour of
the indicator.

Non-esterified alcohols
Maximum 4.0 per cent.

Dissolve 10.a g in 100 mL of water R, add 100 mL of ethanol
(96 per cent) R and shake the solution with 3 quantities, each
of 50 mL, of lightpetroleum R, adding sodium chloride R, if

Action and use
Anionic emulsifying agent.
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Sodium Methyl Hydroxybenzoate

DEFINITION
Sodium 4-(methoxycarbonyl)phenolate.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

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
Firstidentification: B~ D.

Secondidentification: A~ C~ D.

A. Dissolve 0.5 gin 50 mL of waterR. Immediately add
5 mL of hydrochloric acidRl. Filter and wash the precipitate
with waterR. Dry in vacuo at 80°C for 2 h. The precipitate
melts (2.2.14) at 125°C to 128 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Precipitate obtained in identification test A.

Comparison methylparahydroxybenzoate GRS.

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 acid R and shake with 50 mL of Ll-dimethylethyl
methyletherR. Evaporate the upper layer to dryness and take
up the residue with 10 mL of acetone R.

Testsolution (b) Dilute 1 mL of test solution (a) to 10 mL
with acetone R.

Reference solution (a) Dissolve 10 mg of methyl
parahydroxybenzoate CRS in acetone R and dilute to 10 mL
with the same solvent.

Reference solution (b) Dissolve 10 mg of ethyl
parahydroxybenzoate CRS in 1 mL of test solution (a) and
dilute to 10 mL with acetone R.

Plate TLC octadecylsilyl silica gelFZ54 plate R.

Mobile phase glacial acetic acidR, water R, methanol R
(1:30:70 V/V/V).

Application 5 ul, of test solution (b) and reference
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 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).

D. To 1 mL of solution S (see Tests) add 1 mL of waterR.
The solution gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 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 examined immediately after preparation is clear
(2.2.1) and not more intensely coloured than reference
solution BY6 (2.2.2~ Method II).

PhEur _

5026-62-0174.1

Action and use
Antimicrobial preservative.

Sodium Methylparaben

(Sodium Methyl Parahydroxybenzoaie, Ph. Eur. monograph
1262)

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in 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 distilled waterRand 1 mL of solution S diluted 1 to
10 in distilled waterR. The solution is colourless and gives
reaction" (a) of sulfates (2.3.1).

C. Solution S 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 100 mL with the same solvent.

Appearanceof solution
Solution Sis::dear~2.2.1)and colourless (2.2.2~ Method II).

pH (2.2.3).~

3.5 to 5.0 forsolution S.

Thiosulfates
To 5 mL of solution S add 5 mL of dilute hydrochloric acid R.
The solution remains clear (2.2.1) for at least 15 min.

Arsenic (2A.2~ Method A)
Maximum 5 ppm.

Mix 0.20 g with 2 mL of water R in a dish. Add, drop by
drop, 1.5 mL of nitricacid R. Evaporate the mixture to
dryness on a water-bath. Heat over a flame until no more
vapour is evolved. Take up the residue in 25 mL of waterR.

Iron (2A.9)
Maximum 20 ppm, determined on solution S.

ASSAY
Dissolve 0.200 g in 50.0 mL of 0.05 M iodine and add 5 mL
of dilute hydrochloric acid R. 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.

1 mL of 0.05 M iodine is equivalent to 4.753 mg of NazSzOs.

STORAGE
Protected from light.
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pH (2.2.3)
Dilute 1 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).

Test solution Dissolve 50.0 mg of the substance to be
examined in 2.5 mL of methanolR 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 4-hydroxyb-enzoic
acid R (impurity A) 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 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 methanolR 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 mobile phase.

Column:
- size: l =0.15 m, 0 =4.6 mm;
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography R (5 1lID).

Mobilephase 6.8 gIL solution of potassium dihydrogen
phosphate R, methanolR (35:65 VIV).
Flow rate 1.3 mL/min.

Detection Spectrophotometer at 272 run.

Injection 10 ul, of the test solution and reference
solutions (a) and (c).

Run time 5 times the retention time of methyl
parahydroxybenzoate.

Relative retention With reference to methyl
parahydroxybenzoate (retention time =about 2.3 min):
impurity A = about 0.6.

System suitability 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;
- impurity A: not more than 6 times. the area of the

principal peak in the chromatogram obtained with
reference solution (c) (3.0 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);

- sum of impurities otherthan A: not more than twice the
area of the principal peak in 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 30 mL of waterRand 1 mL of
nitric acid 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 mL of chloride standardsolution
(5 ppm Cl) R to which 1 mL of waterR has been added.

2020

Sulfates (2.4.13)
'Maximum 300 ppm.

To 25 mL of solution S, add 5 mL of distilled waterRand
10 mL of hydrochloric acidR and dilute to 50 mL with
distilled water R. Shake and filter. Dilute 10 mL of the filtrate
to 15 mL with distilled waterR.

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 CSH7Na03 using the
declared content of methylparahydroxybenzoate CRS and
multiplying by a correction factor of 1.145.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A.
Other detectable impurities (the follounng: substances would, zj
present at a sufficient leuel, be detected by one or other of 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 necessary to identify these impurities for
demonstration of compliance. See also5.10. Controlof impurities
in substances for pharmaceutical use) B~ C~ D.

A. 4-hydroxybenzoic acid,

B. ethyl 4-hydroxybenzoate (ethyl parahydroxybenzoate),

C. propyl 4-hydroxybenzoate (propyl parahydroxybenzoate),

D. butyl 4-hydroxybenzoate (butyl parahydroxybenzoate).
____________________ PhEur
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Sodium Molybdate Dihydrate 1 mL of O. 05 M leadnitrate is equivalent to 10.30 mg
of i\tfoNaz04'

10102-40-6

____________________ PhEur

PhEur _

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 1 mL of solution SI (see Tests) to 25 mL with
water R. To 0.1 mL of the solution add 1 mL of sulfanilic
acid solution R1. Allow to stand for 2-3 min. Add 1 mL of
f3-naphthol solution Rand 1 mL of dilute sodium hydroxide
solution R. An intense red colour develops.

B. To 1 mL of the solution prepared for identification test A
add 3 mL of a 20 gIL solution of phenazone Rand 0.4 mL of
dilute sulfuric acid R. An intense green colour develops.

C. To 0.15 mL of solution SI, add 0.35 mL of waterR.
The solution gives reaction (b) of sodium (2.3.1).

TESTS
Solution S1
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Solution S2
Dissolve 3 g in distilled waterR. Cautiously add 10 mL of
nitric acid 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 distilled waterR.

Appearance of solution
Solution S1 is clear (2.2.1) and not more intensely coloured
than reference solution B6 (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution SI, add 0.05 mL of phenolred
solution R. Add 0.1 mL of 0.01 M sodium hydroxide.
The solution is red. Add 0.3 mL of 0.01 M hydrochloric acid.
The solution is yellow.

Chlorides (2.4.4)
Maximum 50 ppm.

Dilute 10 mL of solution S2 to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.s mL of solution S2 to 15 mL with distilled waterR.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
vacuo.

7632-00-0

Action and use
Used in treatment of cyanide poisoning.

(Ph. Bur. monograph 1996)

NaNO z 69.0

Sodium Nitrite

(ph. Bur. monograph 1565)

MoNaz04,2HzO 241.9
PhEur _

DEFINITION
Content
98.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder or colourless crystals.

Solubility
Freely soluble in water.

IDENTIFICATION
A. Loss on drying (see Tests).

B. Dissolve 0.2 gin 5 mL of a mixture of equal volumes of
nitric acid R and waterR and add 0.1 g of ammonium
chloride R. Add 0.3'mL of disodium hydrogen phosphate
solution Rand heatslowly at 50-60°C. A yellow precipitate is
formed.

C. Dissolve 0.15 gin 2 mL of waterR. The solution gives
reaction (a) of sodium (2.3.1).

TESTS
Solution 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 colourless (2.2.2, /VIethod II).

Chlorides
Maximum 50 ppm.

To 10 mL of a mixture of equal volumes of nitric acidR and
water R add 10 mL of solution S with shaking. Add I mL of
0.1 M siloer nitrate. 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 manner with 10 mL
of chloride standardsolution (5 ppm Cl) 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 R1. Add this
solution to 27 mL of a mixture of equal volumes of nitric
acid R and waterR. Any yellow colour or opalescence in the
solution is not more intense within 3 h than that in a
standard solution prepared at the same time in the same
manner as follows: dissolve 1.0 g in 12 mL of waterRand
add 1 mL of phosphate standardsolution (200 ppm POtiJ R.

Ammonium (2.4.1, Method B)
Maximum 10 ppm, determined on 0.10 g.

Prepare the standard using 1 mL of ammoniumstandard
solution (l ppm NHtiJ R.

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 140°C for 3 h.

ASSAY
Dissolve 0.100 gin 30 mL of waterR, add 0.5 g of
hexamethylenetetramine Rand 0.1 mL of a 250 gIL solution of
nitric acid R. Heat to 60°C. Titrate with 0.05 M leadnitrate
using 4-(2-pyridylazo)resorcinol monosodium saltR as indicator.
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____________________ PhEur

PhEur _

ASSAY
Dissolve 0.400 gin 100.0 mL of toater R. Introduce 20.0mL
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 rnL of 0.1 M cerium sulfate.
Immediately stopper the flask and allow to stand for 2 min.
Add 10 mL of a 200 g/L solution of potassium iodide Rand
2 mL of starch solution R.

While stirring continuously, titrate with 0.1 M sodium
thiosulfate until the blue colour disappears. Carry out a blank
titration.

1 mL of 0.1 M cerium sulfate is equivalent to 3.45 mg of
NaNOz.

STORAGE
In an airtight container.

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
Freely soluble in water, slightly soluble in ethanol
(96 per cent).

IDENfIFICATION
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 0.700 g in water R and dilute to
100.0 mL with the same solvent. Examine the solution
immediately after preparation.

Spectral range 350-600 nm.

Absorption maximum At 395 run.

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 1 mL of water R and acidify the
solution by the addition of hydrochloric acidR. Place a drop
of the solution in an oxidising flame. A persistent yellow
colour is produced.

TESTS
Insoluble matter
Maximum 100 ppm.

Dissolve 10 g without heating in 50 mL of water R. Allow to
stand for 30 min and filter through a sintered-glass fi:l.ter (16)
(2.1.2). Wash the filter with cold waterR until the filtrate is
colourless. Dry the residue on the filter at 105 DC.
The residue weighs a maximum of 1 mg.

Chlorides (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, each of 8 mL, of dilute
sulfuric acidR. Filter the sulfuric acid extracts on a filter
paper and- collect the filtrates. Render the filtrate acid to blue
litmuspaperR by adding, if necessary, a few drops of dilute
sulfuric acidR. Wash the crucible and the filter paper with
3 quantities, each of 10 mL, of water R, add the washings to
the main sulfuric acid solution and dilute to 60 mL with
waterR. Mix.

Ferricyanides
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)c,) R. To flasks A
and B add 1 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 the contents of each flask
to 50.0 mL with water R. Allow to stand for 30 min.
The absorbance (2.2.25) of the solution in flask A measured
at 720 nm using the solution in flask C as the compensation
liquid is 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.

Dissolve 4.0 g in water R and dilute to 100.0 mL with the
same solvent. Use three 50 mL volumetric flasks (A, B, C).
To flask B add 2.0 mL offerrocyanide standard solution
(100 ppm Fe(CNJc,) R. To flasks A and B add 1 mL offerric
chloride solution 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 waterR. Allow to stand for
30 min. The absorbance (2.2.25) of the solution in flask A
measured at 695 nm 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 urn using the solution in
flask A as the compensation liquid.

Sulfates
Maximum 100 ppm.

Test solution Dissolve 3.6 gin 120 mL of distilled water R,
add with mixing 4 mL of sulfate standard solution (10 ppm
S04J 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 aclear light-blue
solution is obtained.

Reference solution To 40 mL of sulfate standard solution
(10 ppm S04J 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 water R. The volume of cupric
chloride solution added is such that the colour of the final
solution matches that of the test solution.

Allow the solutions to stand. Filter both solutions, discarding
the first 25 mL of filtrate. To 100 mL of each filtrate, add

13755-38-9

(Ph. Bur. monograph 0565)

Naz[Fe(CN)s(NO)],2HzO 298.0

Sodium Nitroprusside

Action and use
Vasodilator.

Preparation
Sodium Nitroprusside Infusion
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0.5 mL of acetic acidR. Mix and add 2 rn.L of a 250 gIL
solution of barium chloride R and mix again. The test solution
is not more opalescent than the reference solution.

Water (2.5.12)
9.0 per cent to 15.0 per cent, determined on 0.250 g.

ASSAY
Dissolve 0.250 g in 100 mL of waterR and add 0.1 mL of
dilute sulfuric acid R. Titrate with 0.1 M siluer nitrate,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M silvernitrate is equivalent to 13.10 mg
of Naz [Fe(CN) s(NO) ] .

STORAGE
Protected from light.
____________________ PhEur

Sodium Perborate
(Hydrat~d Sodium'PerborateJ Ph. Bur. monograph
1997) r

Sodium Phenylbutyrate 11-931

residue in 25 mL of hot waterR. Dilute 5 mL of the
obtained solution to 10 rn.Lwith waterR.

ASSAY
Dissolve 0.300 gin 50.0 mL of waterR. Dilute 10.0 mL of
the solution to 50 mL with waterR and add 10 mL of dilute
sulfuric acid R. Titrate with 0.02 M potassium permanganate.

1 mL of 0.02 M potassium permanganate is equivalent to
7.693 mg of NaHsB0 7•

STORAGE
In an airtight container.
____________________ PhEur

Sodium Phenylbutyrate
(Ph. Bur. monograph 2183)

~ONa

V 0

Action and use
Glutamine conjugate; treatment of hyperammonaemia.

186.2 1716-12-7

153.9 PhEur _

Action and use
Antiseptic.

PhEur ..,...- _

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 form.

Solubility
Sparingly soluble in water, with slow decomposition.
It dissolves in dilute mineral acids.

IDENTIFICATION
A. Dissolve 20 mg in a mixture of 1 mL of dilute sulfuric
acid R and 1 mL of water R. Add 1 mL of potassium iodide
solutionR. A reddish-brown colour appears.

B. The mixture obtained by treating about 100 mg with
0.1 mL of sulfuric acidRand 5 rn.Lof methanol R burns with
a greenish flame when ignited.

C. It gives reaction (a) of sodium (2.3.1).

TESTS
Chlorides (2.4.4)
Maximum 330 ppm.

Dissolve 0.15 gin 15 rn.L of water R.

Sulfates (2.4.13)
Maximum 1.2 per cent.

Dissolve 0.13 g in 150 rn.L of distilled waterR.

Iron (2.4.9)
Maximum 20 ppm.

Dissolve 2.5 g in 10 mL of dilute hydrochloric acid R with
heating, evaporate to dryness, with stirring, and dissolve the

DEFINITION
Soceam 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 (2.2.24).

Comparison sodium phenylbutyrate CRS.

B. Dissolve 0.15 gin 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 'water R and dilute to
10 mL with the same solvent.

Impurity C
Gas chromatography (2.2.28).

Silylation solution To 2 mL of NJO-bis(trimethylsilyl)
trifiuoroacetamide R add 0.04 mL of chlorotrimethylsilane Rand
ITllX.

Testsolution Dissolve 50.0 mg of the substance to be
examined in 3 mL of waterR and add 0.5 mL of hydrochloric
acidR. Extract 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 rn.L
of the silylation solution. Seal the vial and heat at 70 ± 5 DC
for 20 min.
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11-932 Sodium Phenylbutyrate 2020

Reference solution (a) Dissolve 5.0 mg of sodium
phenylbutyrate 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 DC for 20 min.

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 DC
for 20 min.

Column:
- material: fused silica;
- size: l = 25 m, (2) = 0.25 mm;
- stationary phase: poly(dimethyl) (diphenyl)siloxane R (film

thickness 1.0 urn).

Carrier gas heliumfor chromatography R.

Flo'lV rate 0.9 mUmin.
Split ratio 1:100.

Temperature:

Detection Flame ionisation.

Injection 1 ilL.

Relative retention 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:
- impurity C: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.20 g of the substance to be
examined in 10 mL of methanolR and dilute to 50.0 mL
with waterR.
Reference solution (a) Dissolve 4.0 mg of «-tetralone R
(impurity B) in 10 mL of methanolR 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 methanolR, add 1 mL of reference
solution (a) and dilute to SO mL with water R.

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-benzoylpropionic
acidR (impurity A) in 2.5 mL of methanolR and dilute to
50.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 50.0 mL with water R.

Column

Injection port

Detector

Time
(min)

0-5

5 - 27

27 - 32

Temperature
CC)
50

50 -> 270

270

270

270

Column:
- size: 1= 0.25 m, 0 =4.6 rnm;
- stationaryphase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobilephase glacial acetic acid R, methanolR, waterR
(1:49:50 V/V/V).

Flow rate 1.3 mUmin.
Detection Spectrophotometer at 245 nm.

Injection 20 ilL of the test 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 B and phenylbutyrate.

Limits:
- impurityA: not more than twice the area of the

corresponding peak in 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 with reference
solution (c) (0.01 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (d) (0.05 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (d)
(0.1 per cent);

- disregard limit of impurities otherthan B: 0.6 times the 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 mL of anhydrous acetic acid R.
The opalescence of the solution disappears during the
titration. 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 18.62 mg
of ClOHuNaOz.

IMPURITIES
Specifiedimpurities A., B., C.

A. 4-oxo-4-phenylbutanoic acid (3-benzoylpropionic acid),

0)
o

B. 3,4-dihydronaphthalen-l (2H)-one (c-tetralone),

~C02H

C. 4-cyclohexylbutanoic acid.
_____________________ PhEur
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Sodium Picosulfate
(ph. Bur. monograph 1031)

Action and use
Stimulant laxative.

Preparations
Compound Sodium Picosulfate Powder for Oral Solution

Sodium Picosulfate Oral Solution

PhEur '-=":~ _

DEFINITION
4,4'-[(Pyridin-2-yl)methylene]diphenyl bis(sodium sulfate)
monohydrate.

Content
98.5 per cent to 100.5 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
First identification: A, D.

Secondidentification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium picosulfate CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in methanolR and dilute to 5 mL with the same
solvent.

Reference solution Dissolve 20 mg of sodiumpicosulfate CRS
in methanolR and dilute to 5 mL with the same solvent.

Plate TLC silica gel GF254 plate R.

Mobilephase anhydrous formic acid R, waterR, methanolR,
ethyl acetate R (2.5:12.5:25:60 V/V/V/V).

Application 5 ilL.

Development Over 1/2 of the plate.

Drying In a current of wann air for 15 min.

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 5 mL of solution S (see Tests) add 1 mL of dilute
hydrochloric acid R and heat to boiling. Add 1 mL of barium
chloride solution R1. 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 waterR and dilute to 50 mL with the same solvent.

Sodium Picosulfate 11-933

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution GY7 (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of phenolphthalein
solution R. The solution is colourless. Not more than
0.25 m.L of 0.01 M sodiumhydroxide is required to change
the colour of the indicator to pink.

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 mobile phase.

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 suitability CRS (containing impurities A
and B) in 1.0 mL of the mobile phase.

Column:
- size: l =0.25 m, (2) = 4.0 mID;
- stationaryphase: spherical end-capped octadecylsilyl silica gel

for chromatography R1 (5 11m);
- temperature: 40°C.

Mobzle phase Dissolve 2.3 g of disodium hydrogen phosphate
dihydrateR in800 mL of waterfor chromatography R, add
0.2 g of cetyltrimethylammonium 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 acetonitrile R (if necessary vary the buffer/acetonitrile
proportion in 10 mL increments in order to fulfil the
resolution requirement).

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 263 nm.

Injection 40~.

Run time Twice the retention time of picosulfate.

Identification of impurities Use the chromatogram supplied
with picosulfate 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 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 to

impurities B 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 =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 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).
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___________________-.,- PhEur

B. 4,4'-[(pyridin-2-yl)methylene] diphenol,

Action and use
Used in the treatment of hyperkalaemia.

PhEur _

Sodium Polystyrene Sulphonate

(Ph. Eur. monograph 1909)

Sodium Polystyrene Sulfonate

DEFINITION
Polystyrene sulfonate resin prepared in the sodium form.

Exchange capacity 2.8 rnmol to 3.4 rnmol of potassium per
gram (dried substance).

Content
9.4 per cent to 11.0 per cent of Na (dried substance).

CHARACTERS
Appearance
Almost white or light brown powder.

Solubility
Practically insoluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs using finely ground substance.

Comparison Ph. Eur. reference spectrum of sodium polystyrene
sulfonate.
B. Suspend 0.1 g in water R, add 2 mL ofa 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 Rand heat to boiling. Allow to cool in
iced water and if necessary rub the inside of the test-tube
with a glass rod. A dense white precipitate is formed.

TESTS
Styrene
Liquid chromatography (2.2.29).

Testsolution Shake 10.0 g of the substance to be examined
with 10 rnL of 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 1 mL of
this solution to 100 mL with acetone R.
Column:
- size: 1=0.25 m, (2) =4 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase acetonitrile R, water R (1:1 V/V).
Flow rate 2 mUmin.

Detection Spectrophotometer at 254 urn.

Injection 20 ~L.

Limit:
- styrene: not more than the area of the principal peak in the

chromatogram obtained with the reference solution
(1 ppm).

Calcium
Maximum 0.10 per cent.

Atomic emission spectrometry (2.2.22, Method1).

Testsolution To 1.10 g add 5 mL of hydrochloric 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 water R.

OHHO

C. 2-[(RS)-(pyridin-2-yl) [4-(sulfonatooxy)phenyl]
methyl]phenyl disodium sulfate.

A. 4- [(RS)-(4-hydroxyphenyl) (pyridin-2-yl)methyl]phenyl
sodium sulfate,

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with water R.

Sulfates (2.4.13)
Maximum 400 ppm.

Dilute 7.5 mL of solution S to 15 rnL with distilled waterR.

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
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 rnL of 0.1 M perchloric add is equivalent to 48.14 mg of
C1sH 13NNazOsSz.

IMPURITIES
Specified impurities A..B.
Other detectable impurities (thefollowing substances would.. if
present at a sufficient level, be detected by oneorotherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby 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) C.

HO~0o-"s/ONa
1 I /{\\

~ ... ~ 0 0
H and enantiomer

N9'

~I
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PhEur _

(Ph. Bur. monograph 2041)

Sodium Propionate

137-40-6

o
HsCJ

ONa

96.1

Action and use
Antifungal.

DEFINITION
Sodium propanoate.

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

CHARACTERS
Appearance
Colourless crystals or, white or almost white powder, slightly
hygroscopic.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride,

IDENTIFICATION
First identification: A, D.

Secondidentification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of sodiumpropionate.

B. Dissolve 0.1 g in a mixture of 2 mL of copper sulfate
solution Rand 2 mL of methylene chloride R. Shake vigorously
and allow to stand. Both the upper and the lower layer show
a blue colour.

C. To 5 mL of solution S (see Tests) add 2 mL of 0.1 M
silvernitrate. A white precipitate is formed.

D. Solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 109 in carbon dioxide-free waterR 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, Method II).

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 waterR and dilute to 100 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of the substance to be
examined and 10 mg of sodium acetate R in water Rand
dilute to 100 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL of the test solution to
100 mL with waterR.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm,
- stationary phase: oetadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Dilute 1 mL of phosphoric acid R to 1000 mL
with waterR.____________________ PhEur

Reference solutions Prepare the reference solutions using
calcium standardsolution (400 ppm Ca) R, diluted as necessary
with waterR.

Wavelength 422.7 nm..

Potassium.
Maximum 0.10 per cent.

Atomic emission spectrometry (2.2.22, Method I).

Test solution To 1.10 g add 5 mL of hydrochloric 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
washings to 25.0 mL with water R.

Reference solutions Prepare the reference solutions using
potassium standard solution (100 ppm K) R, diluted. as
necessary with waterR.

Wavelength 766.5 nm..

Loss on drying (2.2.32)
Maximum 7.0 per cent, determined on 1.000 g by drying in
an oven at 105 DC:

Microbial contamination (2.6.13)
Bile-tolerant graII1:.'D:egative bacteria: acceptance criterion less
than 102CFU/g. ~

ASSAY
Sodium.
Atomic emission spectrometry (2.2.22, Method I).

Test solution In a platinum crucible moisten 0.90 g with a
few drops ofsuljuric acidR, ignite very gently and allow to
cool. Moisten with a few drops of sulfuric acid R again, ignite
at 800 ± 50 DC until a carbon-free ash is obtained and allow
to cool.

Add 20 mL of waterR 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
water R. Dilute 5 mL of this solution to 1000.0 mL with
water R.

Reference solutions Prepare the reference solutions using
sodiumstandard solution (200 ppm N a) R, diluted as necessary
with waterR.

Wavelength 589 nm.

Exchange capacity
Atomic emission spectrometry (2.2.22, Method I).

SolutionA 9.533 gIL solution of potassium chloride R.

Test solution 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 water R.

Reference solutions Prepare the reference solutions by diluting
0, 1, 2, 3 and 4 mL of solution A respectively and 4, 3, 2, 1
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 using the reference solutions and
calculate the potassium exchange capacity of the substance to
be examined in millimoles per gram taking the concentration
of potassium in solution A as 128 mmoles of K per litre.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A.

A. styrene.

www.webofpharma.com



11-936 Sodium Propyl Hydroxybenzoate 2020

PhEu( _

____________________ PhEur

Sodium Propyl Hydroxybenzoate

Content
94.0 per cent to 102.0 per cent (anhydrous substance):

CHARACTEF..8
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
First identification: B, D.
Secondidentification: A, C, D.
A. Dissolve 0.5 gin 50 mL of waterR. Immediately add '
5 ml;. of hydrochloric acid Rl. Filter and wash the precipitate
with water R. Dry in vacuo at 80°C for 2 h. The precipitate
melts (2.2.14) at 96°C to 99 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Preparation Precipitate obtained in identification test A.

Comparison propylparahydroxybenzoate 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 water R. Immediately add 2 mL of
hydrochloric acidR and shake with 50 mL of l,l-dimethylethyl
methyl etherR. Evaporate the upper layer to dryness and take
up the residue with 10 mL of acetone R.
Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with acetone R.

Reference solution (a) Dissolve 10 mg ofpropyl
parahydroxybenzoate CRS in acetone R and dilute to 10 mL
with the same solvent.

Reference solution (b) Dissolve 10 mg of ethyl
parahydroxybenzoate CRS in 1 mL of test solution (a) and
dilute to 10 mL with acetone R.
Plate TLC octadecylsilyl silica gel F254 plate R.
Mobilephase glacial acetic acid R, waterR, methanolR
(1:30:70 V/V/V).

Application 5 ul, of test solution (b) and reference
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 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).

D. To 1 mL of solution S (see Tests) add 1 mL of waterR.
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 same solvent.

Appearance of solution
Solution S, examined immediately after preparation, is clear
(2.2.1) and not more intensely coloured than reference
solution BY6 (2.2.2, Method II).

pH (2.2.3)
9.5 to 10.5.

35285-69-9202.2

a

d
~CH3

I 0

NaO #

Action and use
Antimicrobial preservative.

Flow rate 1 mllmin.
Detection Spectrophotometer at 210 nm.

Injection 20 ilL.

System suuabilii» Reference solution (a):
- resolution: minimum 5 between the peaks due to sodium

acetate and sodium propionate.

Limits:
- ar.ry 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),

- total: not more than half the area of the principal peak in
the chromatrogram obtained with reference solution (b)
(0.5 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).

Readily oxidisable substances
In a ground-glass-stoppered conical flask introduce 10 g of
the substance to be examined. Add 100 mLof waterRand
stir to dissolve. Add 25 mL of sodiumhypobromite sohaion R
and 10 mL of a 200 gIL solution of sodium acetate R, stopper
the flask and allow to stand for 15 min. Add 10 mL of
potassium iodide solution Rand 20 mL of hydrochloric add R
while cooling. Titrate with 0.2 M sodium thiosulfate, adding
2 ml, of starch solution R towards the end of the titration.
Carry out a blank titration. The difference between the
volumes used in the 2 titrations is not greater than 2.2 mL.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.

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

ASSAY
Dissolve 80.0 mg in 30 mL of anhydrous acetic add R. Titrate
with 0.1 M perchloric add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 J\!I perchloric acid is equivalent to 9.61 mg of
C3HsNa02'

STORAGE
In an airtight container.

DEFINITION
Sodium 4-(propoxycarbonyl)phenolate.

Sodium Propylparaben

(Sodium PropylParahydroxybenzoate, Ph. Bur. monograph
1263)
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Dilute 1 mL of solution S to 100 mL with carbon dioxide-free
water R.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in 2.5 mL of methanolR 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 acid R (impurity A) 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 the
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 ofthe
solution to 100.0 mL with the mobile phase.

Reference solution (d}';; Dilute 1.0 mL of the test solution to
20.0 mL with themobile phase. Dilute 1.0 mL of this
solutionto 10.0 mJ,i1with the mobile phase.

Column:
- size: 1= 0.15 m~.0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase 6.8 gIL solution of potassium dihydrogen
phosphate R, methanolR (35:65 VIV).
Flow rate 1.3 mIJmin.

Detection Spectrophotometer at 272 urn.

Injection 10 ul, 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 = about 4.5 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; .
- impurityA: not more than 8 times the area of the

principal peak in the chromatogram obtained with
reference solution (c) (4.0 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);

- sum of impurities otherthan A: not more than twice the
area of the principal peak in 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 1 mL of nitric acidRand
30 mL of waterR and dilute to 50 mL with waterR. Shake
and filter. Dilute 10 mL of the filtrate to 15 mL with
water R. Prepare the standard using 14 mL of chloride
standard solution (5 ppm Cl) R to which 1 mL of waterR has
been added.

Sodium Propyl Hydroxybenzoate 11-937

Sulfates (2.4.13)
Maximum 300 ppm.

To 25 mL of solution S, add 5 mL of distilled waterRand
10 mL of hydrochloric acidR and dilute to 50 mL with
distilled waterR. Shake and filter. Dilute 10 mL of the filtrate
to 15 mL with distilled waterR.

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 ClQHllNa03 from the
declared content of propylparahydroxybenzoate CRS,
multiplied by a correction factor of 1.122.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A.

Otherdetectable impurities (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 acceptance
criterion for other/unspecified impurities 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) B, C, D.

A. 4-hydroxybenzoic acid,

o

If/CH3

I 0

HO '

B. methyl 4-hydroxybenzoate (methyl parahydroxybenzoate),

C. ethyl 4-hydroxybenzoate (ethyl parahydroxybenzoate),

D. butyl 4-hydroxybenzoate (butyl parahydroxybenzoate).
____________________ PhEur
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11-938 Sodium Salicylate

Sodium Salicylate
(Ph. Bur. monograph 0413)

(XI COzNa

~ OH

2020

1 rnL of 0.1 JIll perchloric acid is equivalent to 16.01 mg
of C7HsNa03.

STORAGE
In an airtight container, protected from light.
____________________ PhEur

160.1 54-21-7 Sodium Selenite

PhEur _

DEFINITION
Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, 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 hydrochloric acidR and waterR and heat to boiling.
Add 50 mg of ascorbic acid R; a red precipitate is formed
which may become black.

B. Dissolve 50 mg in a mixture of 1 mL of dilute hydrochloric
acid R and 5 mL of waterR. Add 1 mL of barium chloride
solution Rl; the solution remains 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 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 If).

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 waterR, add 9 mL of nitric acidR
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 distilled waterR, add 0.5 mL of
hydrochloric acidR1 and dilute to 15 mL with distilled water R.

Iron
Maximum 50 ppm.

To 2 mL of solution S add 2 mL of a 200 gIL solution of
sulfosalicylic acidRand 5 mL of concentrated ammonia R, and
dilute to 10 mL with waterR. The solution is not more
intensely coloured than a reference solution prepared at the
same time and in the same manner using 1 mL of iron
standardsolution (l0 ppm Fe) R.

Action and use
Anti-inflammatory; analgesic.

PhEur ~ _

DEFINITION
Sodium 2-hydroxybenzenecarboxylate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or small, colourless
crystals or shiny flakes.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A~ C.

Secondidentification: B~ C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium salicylate 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 waterR 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 BY6 (2.2.2~ Method If).

Acidity
To 20 mL of solution S add 0.1 mL of phenolredsolution R.
The solution is yellow. Not more than 2.0 mL of 0.01 M
sodium hydroxide is required to change the colour of 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 nitric 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 distilled waterR.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.00 g by drying in
an oven at 105 DC.

ASSAY
Dissolve 0.130 gin 30 mL of anhydrous acetic acidR. Titrate
with 0.1 1\11 perchloric acid, determining the end-point
potentiometrically (2.2.20).

(ph. Bur. monograph 2740)

NaZSe03 172.~

Action. and use
Used in treatment of selenium deficiency.

10102-18-8
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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 130°C for 2 h.

ASSAY
Dissolve 80.0 mg in 50 mL of water R. Add 1.0 mL of
anhydrous formic acid R, 25.0 mL of 0.1 M sodium thiosulfate
and 0.5 g of potassium iodide R. Titrate immediately with
0.05 M iodine using starchsolution R as indicator. Carry out a
blank titration.

1 mL of 0.1 M sodium thiosulfate is equivalent to 4.323 mg of
Na2Se03'

STORAGE
In an airtight container.
__________'___ PhEur

Sodium Selenite Pentahydrate

Sodium Starch Glycolate 11-939

Iron
Maximum 50 ppm.

To 2 mL of solution S add 2 mL of a 200 gIL solution of
sulfosalicylic acid R, 5 rnL of concentrated ammonia Rand
dilute to 10 rnL with waterR. The solution is not more
intensely coloured than a reference solution prepared at the
same time and in the same manner using 1 rnL of iron
standardsolution (10 ppm Fe) R.

ASSAY
Dissolve 0.120 gin 50 rnL of waterR. Add 1.0 rnL of
anhydrous formic acidR, 25.0 rnL of 0.1 M sodium thiosulfate
and 0.5 g of potassium iodide R. Titrate immediately with
0.05 M iodineusing starch solution R as indicator. Carry out a
blank titration.

1 mL of 0.1 M sodium thiosulfate is equivalent to 6.575 mg of
Na2Se03,5HzO.

STORAGE
In an airtight container.

(Ph. Bur. monograph 1677)

NazSe03,5HzO 263.0 26970-82-1

____________________ PhEur

Action and use
Used in treatment of selenium deficiency.

PhEur ~ _'___ _

DEFINITION
Content
98.5 per cent to 101.5 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder, hygroscopic.

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 hydrochloric acid R and water R and heat to boiling.
Add 50 mg of ascorbic acid R; a red precipitate is formed
which may become black.

B. Dissolve 50 mg in a mixture of 1 rnL of dilute hydrochloric
add Rand 5 rnL of water R. Add 1 mL of barium chloride
solution Rl; the solution remains 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 waterR and dilute to
50.0 rnL 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)
9.8 to 10.8 for solution S.

Chlorides (2.4.4)
Maximum 50 ppm.

Dissolve 1.0 g in 5 rnL of waterR, add 9 mL of nitricacid R
and dilute to 15 rnL with water R.

Sulfates and selenates (2.4.13)
Maximum 300 ppm (determined as sulfates).

Dissolve 0.5 gin 10 rnL of distilled waterR, add 0.5 mL of
hydrochloric acid Rl and dilute to 15 rnL with distilled waterR.

Sodium Starch Glycolate
(Type A)1
(Ph. Eur. monograph 0983)

Action and use
Excipient.

PhEur _

DEFINITION
Sodium salt of a cross-linked partly O-carboxymethylated
starch.

Content
2.8 per cent to 4.2 per cent ofNa (Ar 22.99) (substance
washed with ethanol (80 per cent V/V) 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 rnL of carbon
dioxide-free waterR. The mixture has the appearance of a gel.
Add 100 mL of carbon dioxide-free waterR and shake.
A suspension forms that settles after standing. 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
(2.3.1).

TESTS
Solution SI
Centrifuge the suspension obtained in identification test B at
2500 g for 10 min. Collect carefully the supernatant.

1 This monograph has undergone pharmacopoeial ha~on£sation.
See chapter5.8 Pharmacopoeial harmonisation.
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11-940 Sodium Starch Glycolate

Solution S2
Place 2.5 g in a silica or platinum crucible and add 2 mL of
a 500 gIL solution of sulfuric acid 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 DC. Continue heating until all black particles have
disappeared. Allow to cool, add a few drops of dilute sulfuric
acid R, 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 water R.

oAppearance of solution 81
Solution S1 is clear (2.2.1) and colourless (2.2.2, Method II).
o
pH (2.2.3)
5.5 to 7.5.

Disperse 1.0 g in 30 mL of carbon dioxide-free waterR.

Sodium glycolate
Maximum 2.0 per cent. Carry out the testprotected from light.

Test solution Place 0.20 g in a beaker. Add 5 mL of acetic
acid R and 5 mL of water R. Stir until dissolution is complete
(about 10 min). Add 50 mL of acetone Rand 1 g of sodium
chloride R. Filter through a fast filter paper impregnated 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 without shaking. Use the
clear supernatant.

Reference solution Dissolve 0.310 g of glycollic acidR,
previously dried in vacuo over diphosphorus pentoxide R 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 add R 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 paper impregnated 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 without shaking. Use the
clear supernatant.

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 solution R. Shake and heat in a
water-bath for 20 min. Cool under running water, transfer to
a volumetric flask and dilute to 25.0 mL with sulfuric add R,
maintaining the flask under running water. Within 10 min,
measure the absorbance at 540 nm (2.2.25) 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
Maximum 7.0 per cent.

Place 0.500 g in a beaker and suspend in 100 mL of waterR.
Add 1 mL of nitricadd R. Titrate with 0.1 M silver nitrate,
determining the end-point potentiometrically (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 inner jacket.

1 mL of 0.1 M silvernitrate is equivalent to 5.844 mg of
NaCl.

Iron (2.4.9)
Maximum 20 ppm, determined on 10 mL of solution S2.

2020

Loss on drying (2.2.32)
Maximum 10.0 per cent, determined on 1.000 g by 'drying in
an oven at 130 DC for 1.5 h.

Microbial contamination
It complies with the test for Escherichia coliand Salmonella
(2.6.13).

ASSAY
S~ake about.1 g with 20 mL of ethanol (80 per cent V/li) R,
sur for 10 mm and filter. Repeat the operation until chloride
has been completely extracted and verify the absence of
chloride using siloer nitratesolution R2. Dry the residue at
105 DC to constant mass. To 0.700 g of the dried residue,
add 80 mL of glacial acetic "acid R and heat under a 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 0.1 M perchloric acid is equivalent to 2.299 mg of
Na.

+STORAGE
In an airtight container, protected from light. +
FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics 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 characteristics described in the.Functionality
related characteristics section may also bepresentin 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
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal productby improvingthe consistency
of the manufacturing process and theperformance of the medicinal
productduringuse. Where control methods are cited, they are
recognised as beingsuitable for thepurpose} but othermethods can
also be used. Wherever results for a particularcharacteristic are
reported} the control methodmust be indicated.

Thefollowing characteristics may be relevantfor sodium starch
glycolate (type A) usedas disintegrant in tablets.

Settling volume
Introduce 70 mL of waterR in a flask, add 1.0 g of the
substance to be examined (dried substance) and stir with a
glass rod so that no lumps remain. Transfer the suspension
to a 100 mL graduated cylinder, rinse the walls of the flask
with waterR and dilute to 100 mL with the same solvent.
Stir again until the substance is evenly distributed. Allow to
stand for 2 h. The volume of 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 gIL solution of sodium chloride R and
25.0 mL of 0.1 M sodium hydroxide, stopper the flask and
allow to stand for 5 min, shaking occasionally. Add 0.05 mL
of m-cresol purple solution R and about 15 mL of 0.1 M
hydrochloric add from a burette. Insert the stopper and shake.
If the solution is violet, add 0.1 M hydrochloric acid in 1 mL
portions until the solution becomes yellow, shaking after each
addition. Titrate with 0.1 M sodiumhydroxide until the colour
turns to violet. Calculate the number of 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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A= 1150A1
(7102 - 412A1 - 80C)

C sulfated ash as a percentage, determined as follows.

Introduce 1.3 g of the substance to be examined in a flask
and add 20 mL of ethanol (80 per cent Vlli? 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 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:

s = (162 + 5SA)C
(7102 - SOC)

The degree of substitution is the sum of A and S.

Particle-size distJ.j!lution (2.9.31 or 2.9.38)
___---",,..,.,--__~"'--------------Ph Eur

Sodium Starch Glycolate
(Type 8)1
(Ph. Bur. monograph 0984)

Action and use
Excipient.

PhEur _

DEFINITION
Sodium salt of a cross-linked partly O-carboxymethylated
starch.

Content
2.0 per cent to 3.4 per cent ofNa (Ar 22.99) (substance
washed with ethanol (80 per cent VIII) 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 water R and shake.
A suspension forms that settles after standing. 0

C. To an acidified solution, add iodinatedpotassium iodide
solution R1. The solution becomes blue or violet,

D. Solution S2 (see Tests) gives reaction (a) of sodium
(2.3.1).

TESTS
Solution S1
Centrifuge the suspension obtained in identification test B at
2500 g for 10 min. Collect carefully the supernatant.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.
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Solution 82
Place 2.5 g in a silica or platinum crucible and add 2 mL of
a 500 gIL solution of sulfuric 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 ± 2S "C. Continue heating until all black particles have
disappeared. Allow to cool, add a few drops of dilutesulfuric
acidR and 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 81
Solution 81 is Clear (2.2.1) and colourless (2.2.2, Method II).
o '
pH (2.2.3)
3.0 to 5.0.

Disperse 1.0 g in 30 mL of carbon dioxide-free waterR.

Sodium glycolate
Maximum 2.0 per cent. Carryout the testprotected from light.

Test solution Place 0.20 g in a beaker. Add 5 mL of acetic
acid R and S mL of water R. Stir until dissolution is complete
(about 10 min). Add 50 mL of acetone Rand 1 g of sodium
chloride R. Filter through a fast filter paper impregnated 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 without shaking. Use the
clear supernatant.

Reference solution Dissolve 0.310 g of glycollic acidR,
previously dried in vacuo over diphosphorus pentoside Rat
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 acid R 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 paper impregnated 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 without shaking. Use the
clear supernatant.

Heat 2.0 mL of the test solution on a wafer-bath for 20 min .
Cool to room temperature and add 20.0 mL of
2,7-dihydroxynaphthalene 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 sulfuric acid R, maintaining the flasks under running
water. Within 10 min, measure the absorbance at 540 run
(2.2.25) 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
Maximum 7.0 per cent.

Place 0.500 g in a beaker and suspend in 100 mL of waterR.
Add 1 mL of nitricacid R. Titrate with 0.1 M silvernitrate,
determining the end-point potentiometrically (2.2.20), using
a silver-based indicator electrode and a double-junction
reference electrode containing a 100 gIL solution of
potassium nitrateR in the outeriacket and a standard filling
solution in the inner jacket,

1 mL of 0.1 M siloer nitrate is equivalent to 5.844 mg of
NaCI.

Iron (2.4.9)
Maximum 20 ppm, determined on 10 mL of solution S2.
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Loss on drying (2.2.32)
Maximum 10.0 per cent, determined on 1.000 gby drying in
an oven at 130°C for 1.5 h.

Microbial contamination
It complies with the test for Escherichia coli and Salmonella
(2.6.13).

ASSAY
Shake about 1 g with 20 mL of ethanol (80 percent V/li? R,
stir for 10 min and filter. Repeat the operation until chloride
has been completely extracted and verify the absence of
chloride using siluer nitrate solution R2. Dry the residue at
105°C to constant mass. To 0.700 g of the dried residue,
add 80 mL of glacial acetic acidR and heat under a 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 0.1 M perchloric acid is equivalent to 2.299 mg of
Na.

• STORi\GE
In an airtight container, protected from light.•

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information 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 of the characteristics described in theFunctionality
related characteristics section may also bepresent 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 quality of a medicinal product by improving the consistency
of the manufacturing process and the performance of the medicinal
product during use. Where control methods are cited, 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 indicated.

Thefollowing characteristics may be relevant for sodium starch
glycolate (type B) used as disintegrant in tablets.

Settling volume
.Introduce 70 mL of waterR in a flask, add 1.0 g of the
substance to be examined (dried substance) and stir with a
glass rod so that no lumps remain. Transfer the suspension
to a 100 mL graduated cylinder, rinse the walls of the flask
with waterR and dilute to 100 mL with the same solvent.
Stir again until the substance is evenly distributed. Allow to
stand for 2 h. The volume of 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 gIL solution of sodiumchloride Rand
25.0 mL of 0.1 M sodium hydroxide, stopper the flask and
allow to stand for 5 min, shaking occasionally. Add 0.05 mL
of m-cresol purple solution R and about 15 mL of 0.1 M
hydrochloric acidfrom a burette. Insert the stopper and shake.
If the solution is violet, add 0.1 M hydrochloric acid in 1 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 mi1liequivalents (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:

2020

1150M
A = (7102 - 412M - 80C)

C sulfated ash as a percentage, determined as follows.

Introduce 1.3 g of the substance to be examined in a flask
and add 20 mL of ethanol (80 per centVI}) 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 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
ES) using the following expression:

S = (162 +58A)C
(7102 - 80C)

The degree of substitution is the sum of A and S.

Particle-size distribution (2.9.31 or 2.9.38)
_____________________ PhEur

Sodium Starch Glycolate
(Type c)1
(Ph. Bur. monograph 1566)

Action and use
Excipient.

PhEur _

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 (Ar 22.99) (substance
washed with ethanol (80 per cent V/V) .a~d dried).

CHARACTERS
Appearance
White or almost white, fine, free-flowing powder, very
hygroscopic.

Microscopic examination: it is seen to consist of granules,
irregularly shaped, ovoid or pear-shaped, 30-100 urn in size,
or rounded, 10-35 urn 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.

Solubility
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 water R. The mixture has the appearance of a gel.
Add 100 mL of carbon dioxide-free water R and.shake: the gel

1 In contrast to sodium starchglycolate typeA and type B, this monograph
has NOT undergone pharmacopoeial harmonisation.
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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£odinesolution R1. 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 sulfuric acidR. Heat on a water-bath,
then cautiously over a naked flame, raising the temperature
progressively, and then incinerate in a muflle furnace at
600 ± 25°C. Continue heating until all black particles have
disappeared. Allow to cool, add a few drops of 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.

Appearance of gel
The gelobtainedin.identification test B is colourless (2.2.2,
Method II).

pH (2.2.3)
5.5 to 7.5 for the gel obtained in identification test B.

Sodium glycolate
Maximum 2.0 per cent. Carry out the test-proteaed from light.

Test solution Place 0.20 g in a beaker. Add 5 mL of acetic
acid Rand 5 mL of waterR. Stir until dissolution is complete
(about 10 min). Add 50 mL of acetone Rand 1 g of sodium
chloride R. Filter through a fast filter paper impregnated 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 without shaking. Use the
clear supernatant.

Reference solution Dissolve 0.310 g of glycollic acidR,
previously dried in vacuo over diphosphorus pentoxide R, in
waterR and dilute to 500.0 mL with the same solvent.
To 5.0 mL of this solution, add 5 mL of acetic acidRand
allow to stand for about 30 min. Add 50 mL of acetone R
and 1 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 solution 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 om 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
Maximum 1 per cent.

Shake 1.00 g with 20 mL of ethanol (80 per cent VIIi? 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 water R 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 dilutenitricacidR. Titrate with 0.1 M
silvernitrate, determining the end-point potentiometrically
(2.2.20), using a silver-based indicator electrode and a
double-junction reference eleettode containing a 100 gIL

Sodium Stearate 11-943

solution of potassium nitrate R in the outer jacket and a
standard filling solution in the inner jacket.

1 mL of 0.1 M silver nitrate is equivalent to 5.844 mg of
NaCl.

Iron (2.4.9)
Maximum 20 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 Salmonella
(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 acidR
and heat under a 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 test.

1 mL of 0.1 M perchloric acidis equivalent to 2.299 mg of
Na.

STORAGE
In an airtight container, protected from light.
_____________________ PhEur

Sodium Stearate
(Ph. Bur. monograph 2058)

Action and use
Excipient.

PhEur _

DEFINITION
Mixture of sodium salts of different fatty acids consisting
mainly of stearic (octadecanoic) acid [C17B35COONa;

Mr 306.5] and palmitic (hexadecanoic) acid
[C15H31COONa; Mr 278.4].

Content
- sodium: 7.4 per cent to 8.5 per cent (Ar 22.99) (dried

substance);
- stearic acid in thefatty acidfraction: minimum 40 per cent;
- sum of stearic acidand palmitic acidin thefatty acidfraction:

minimum 90 per cent.

CHARACTERS
Appearance
White or yellowish, fine powder, greasy to the touch.

Solubility
Slightly soluble in water and in ethanol (96 per cent).

IDENTIFICATION
Firstidentification: C, D.

Second identification: A, B, D.

A. Freezing point (2.2.18): minimum 53°C for the residue
obtained in 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 the prescribed mixture of solvents.

C. Examine the chromatograms obtained in the assay of
stearic acid and palmitic acid.
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_____________________ PhEur

Detection Flame ionisation.

Injection 1 ilL.
Relatioe retention With reference to methyl stearate
(retention time =about 40 min): methyl
palmitate =about 0.88.

System suitability Reference solution:
- resolution: minimum 5.0 between the peaks due 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 perchloric
acid, determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 2.299 mg
ofNa.

Stearic acid and palmitic acid
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution In a conical flask fitted 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 mL of heptane R through the
condenser and boil again under a reflux condenser for
10 min. Allow to cool. Add 20 mL of saturated sodium
chloride solution R. Shake and allow the layers to separate.
Remove about 2 mL of the organic layer and dry over 0.2 g
of anhydrous sodium sulfateR. Dilute 1.0 mL of the solution
to 100.0 mL with heptaneR.

Reference solution Prepare the reference solution in the same
manner as the test solution using 50.0 mg of palmitic
add CRS and 50.0 mg of stearic add CRS instead of the
substance to be examined.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 mm;
- stationary phase: macrogol20 000 R (film thickness

0.5 urn).

Carrier gas heliumfor chromatography R.

Flow rate 2.4 mlJmin.

Temperature:

Results The 2 principal peaks in the chromatogram obtained
with the test solution are similar in retention time and size to
the 2 principal peaks in the chromatogram obtained with the
reference solution.

D. Solution S gives reaction (b) of sodium (2.3.1).

TESTS
Solution S
To 10.0 g add 100 mL of peroxide-free etherRand 80 mL of
acetic acid R. Boil under a reflux condenser until dissolution
is complete. Allow to cool. In a separating funnel, 'separate
the aqueous layer and shake the ether layer with 2 quantities,
each of 8 mL, of aceticacid R. Combine the aqueous layers,
wash with 30 mL of peroxide-free etherR and dilute to
100 mL with distilled waterR (solution S). Evaporate the
ether layers to dryness on a water-bath and dry the residue at
100-105 DC.

Acidity or alkalinity
Suspend 2.0 gin 50 mL of previously neutralised ethanol
(96 per cent) R. Heat under reflux to dissolve and add 3
drops of phenolphthalein solution R; the solution is colourless.
Not less than 0.60mL 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 waterR.

Nickel
Maximum 5 ppm.

Atomic absorption spectrometry (2.2.23, Method II).

Test solution Place 50.0 mg of the substance to be examined
in a polytetrafluoroethylene digestion flask and add 0.5 mL
of a mixture of 1 volume of heavy metal-free hydrochloric
acid Rand 5 volumes of heavy metal-free nitric 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
nickel standardsolution (10 ppm Ni) R, diluting as necessary
with waterR.
Source Nickel hollow-cathode lamp.

Wavelength 232.0 nm.

Atomisation device 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 105°C and weigh. Add 0.500 g of the
substance to be examined and 10 mL of ethanol
(96 per cent) R. Evaporate at 80°C and dry the residue at
105°C for 4 h.

Microbial contamination
TAi\tlC: acceptance criterion 103 CFU/g (2.6.12).

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

Absence of Escherichia colt' (2. 6.13).

Absence of Salmonella (2.6.13).

ASSAY
Sodium
Dissolve 0.250 g with gentle heating in a mixture of 5 mL of
acetic anhydride Rand 20 mL of anhydrous acetic acidR. Cool

Column

Injection port

Detector

Time
(min)

0-2
2 - 36

36 - 41

Temperature
CC)
70

70 -> 240
240

220
260
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t
OH

COONa HO H

H 0 . 0 H

HOtH}:::Sb-O-Sb~H OH
H 0 0 H

H OH COONa

OH

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 suitabiluy:
- resolution: minimum 1.5 between the peaks in the

chromatogram obtained with the reference solution.

Limits:
- any impurity: maximum 0.5 per cent;
- 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 acetic acid R. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 AtI perchloric acid is equivalent to 39.05 mg of
C22H39Na04'

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for one ormore
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 also represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatorypart 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 manufacturing process and theperformance of the medicinal
product during use. W'here control methods are cited, they are
recognised as being suitable for thepurpose, but othermethods can
also be used. W'herever results for a particular characteristic are
reported, the control methodmust be indicated.

The following characteristics may berelevant for sodium stearyl
fumarate used as a lubricant in tablets and capsules.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26, Method l)
_____________________ PhEur

Sodium Stibogluconate

4070-80-8

Temperature
eC)

390.5

Time
(min)

C22H39Na04
PhEur ----~

(ph. Eur. monograph 1567)

Sodium Stearyl Fumarate

DEFINITION
Sodium oetadecyl (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 sodiumstearyl fumarate CRS.

TESTS
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Silylation solutio n. To 2 mL of ~O-bis(trimethvlsilyQ
trifluoroacetamide R add 0.02 mL of chlorotrimethylsilane Rand
mix.

Test solution Introduce 15.0 mg of the substance to be
examined in 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. After the reaction a precipitate remains in the vial; filter
the solution through a nylon filter (pore size 0.45 urn).

Reference solution Introduce 1.0 mg of sodium stearyl
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:
- material: fused silica;
- size: 1= 15 m, 0 = 0.53 mrn;
- stationary phase: poly(dimethyQsiloxane R (film thickness

0.15 um).

Carrier gas heliumfor chromatography R.

Flow rate 2 mlJrnin.
Split ratio 1:25.

Temperature:

Detection Flame ionisation.

Injection 2 ~L.

Relative retention With reference to stearyl trimethylsilyl
fumarate (retention time = about 9 min): stearyl

Column

Injection port

Detector

0-1

1 - 21

21 - 26

180

180 --> 320
320

250
320

16037-91-5

Action and use
Pentavalent antimony compound; antiprotozoal.

Preparation
Sodium Stibogluconate Injection

DEFINITION
Sodium Stibogluconate is mainly the disodium salt of u-oxy
bis [gluconato (3-)_0 2

, 0 3,04-hydroxoantimony]. It contains
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PhEur _

using sulfuric acid (1%) and determining the end point
potentiometrically using a platinum electrode and a silver
silver chloride reference electrode. Each mL of
0.05M ammonium iron(II) sulfate VS is equivalent to 3.044 mg
of antimony(v).

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 (2.3.1).

B. It gives reaction (a) of sodium (2.3.1).

C. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 2.2 g in carbon dioxide-free waterR 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 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 hydrochloric
acid or 0.01 M sodium hydroxide is required to 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 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)
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 1 mL of glycerol (85 per cent) R,
0.15 mL of titanyellow solution R, 0.25 mL of ammonium
oxalate solution Rand 5 mL of dilute sodium hydroxide
solution R and shake. Any pink colour in the test solution is
not more intense than that in a standard prepared at the

not less than 30.0% and not more than 34.0% of antimony
(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.

C~CTEFUST1CS

A colourless, mostly amorphous powder.

Very soluble in water; practically insoluble in ethanol (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 salts,
Appendix VI.

TESTS
Stability and acidity of solution
Heat a solution containing the equivalent of 10% w/v of
antimony(v) in an autoclave at 115.5° and at a 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.

Antimonynn)
Dissolve 2 g in 30 mL of water, add 15 mL of hydrochloric
acid and titrate with 0.00833M potassium bromate VS using
methyl orange solution as indicator. Not more than 1.3 mL of
O. 00833Mpotassium bromate VS is required.

Chloride
Dissolve 2.5 g in 50 mL of waterand add 2 mL of 2M nitric
acid and 75 mL of acetate bufferpH 5.0. Titrate with O.lM
silvernitrate VS determining the end point potentiometrically.
Not more than 3.0 mL of O.IM silver nitrate 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 III B, using the following solutions. For solution
(1) add 1 mL of a 1.0% v/v solution of methanol to 5 mL of
a 0.2% v/v solution of absolute ethanol (internal standard).
For solution (2) add 5 mL of waterto 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 mm) packed with porous polymer
beads (80 to 100 mesh) (Porapak Q and Chromosorb 101
are suitable) and maintained at 130°.

Calculate the percentage w/w 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 1 g.

ASSAY
Dissolve 0.16 gin 30 mL of hydrochloric acid, add 70 mL of
orthophosphoric acidand stir carefully until completely mixed.
Titrate with 0.05M ammonium ironin) sulfate VS prepared

Anhydrous Sodium Sulfate
Anhydrous Sodium Sulphate

(Ph. Bur. monograph 0099)

NazS04 142.Q.

Action and use
Laxative.

7757-82-6
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same time in the same manner using a mixture of 5 rnL of
magnesium standard solution (10 ppm Mg) Rand 5 rnL 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 DC.

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 stripR. Keep the resin covered with waterR.
Dissolve 0.5 00 g of the substance to be examined in 10 mL
of water R 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 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 aq.<i>.ut 6 to 7 using a pH indicator strip R.
Titrate the eluate with-f M sodium hydroxide, determining the
end-point potentiometrically (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 71.00 mg of
NaZS04.

STORAGE
Store in an airtight container.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.
_____________________ PhEur

Sodium Sulfate
Glauber's Salt

(Sodium Sulfate Decahydrate, Ph. Bur. monograph 0100)

NazS04,lOHzO 322.2 7727-73-3

Action and use
Laxative.

PhEur _

DEFINITION
Disodium sulfate decahydrate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless,
transparent crystals.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent). It partly dissolves in its own water of
crystallisation at about 33 DC.

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).

Sodium Sulfate 11-947

TESTS
Solution S
Dissolve 5.0 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:J Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of bromothymol blue
solution si. Not more than 0.5 mL of 0.01 M hydrochloric
acid Of 0.01 M sodium hydroxide is required to change the
colour of the indicator.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

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)
Maximum 40 ppm, if intended for use in the manufacture of
parenteral preparations.

Dilute 5 mL of solution S to 10 mL with waterR.

l\tlagnesium
Maximum 100 ppm, if intended for use in the manufacture
of parenteral preparations.

To 10 mL of solution S add 1 mL of glycerol (85 per cent) R,
0.15 mL of titanyellowsolution R, 0.25 mL of ammonium
oxalatesolution R and 5 mL of dilute sodium hydroxide
solution R and shake. Any pink colour in the test solution is
not more intense than that in a standard prepared at the
same time in the same manner using a mixture of 5 mL of
magnesium standardsolution (10 ppm Mg) Rand 5 mL of
waterR.

Loss on drying (2.2.32)
52.0 per cent to 57.0 per cent, determined on 1.000 g by
drying at 30 DC for 1 h, then at 130 DC.

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 water R. After 5 min, wash the resin with
toater R until the pH of the eluate is about 6 to 7 using a pH
indicator stripR. Keep the resin covered with waterR.
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 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 stripR.

Titrate the eluate with 1 M sodium hydroxide, determining the
end-point potentiometrically (2.2.20).

I mL of 1 M sodium hydroxide is equivalent to 0.161 g of
NazS04,10HzO.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.
_____________________ PhEur
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PhEur _

DEFINITION
Content
95.0 per cent to 100.5 per cent of NaZS03'

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, very slightly soluble 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 rnL of 0.05 M iodine.
The solution is colourless and gives reaction (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 5 g in water R and dilute to 100 mL with the same
solvent.

Solution 81
To 10.0 g add 25 rnL of waterR. Shake until mostly
dissolved, carefully and progressively add 15 mL of
hydrochloric acid R. 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, Method I).

Thiosulfates
Maximum 0.1 per cent.

To 2.00 g add 100 mL of waterR. Shake, add 10 mL of
formaldehyde solution Rand 10 mL of acetic acidR. Allow to
stand for 5 min. Add 0.5 mL of starch solution R and titrate
with 0.05 M iodine. Carry out a blank titration.
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 solution S1.

Selenium
Maximum 10 ppm.

To 3.0 g add 10 mL offormaldehydesolution R, carefully and
progressively add 2 mL of hydrochloric acidR. 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 to
be examined to which 0.2 mL of selenium standard solution
(100 ppm Se) R has been added.

Zinc
Maximum 25 ppm.

Atomic absorption spectrometry (2.2.23, Method I).

PhEur _

Test solution Dilute 2.0 mL of solution SI to 10.0 mL with
water R.

Reference solutions Prepare the reference solutions using zinc
standardsolution (100 ppm Zn) R, diluting with waterR.

Source Zinc hollow-cathode lamp.

Wavelength 213.9 urn.

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 starch solution R and titrate the excess of iodine
with 0.1 M sodium thiosulfate. Carry out a blank titration.

1 mL of 0.05 M iodine is equivalent to 6.30 mg of NaZS03'
____________________ PhEur

10102-15-5

Action and use
Antioxidant.

Sodium Sulfite Heptahydrate
Sodium Sulphite Heptahydrate

(ph. Bur. monograph 0776)

NaZS03,7HzO 252.2

DEFINITION
Content
48.0 per cent to 52.5 per cent of NaZS03.

CHARACTERS
Appearance
Colourless crystals.

Solubility
Freely soluble in water, very slightly soluble 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
(2.3.1).

C. Solution S gives reaction (a) of sodium (2.3.1).

D. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 109 in waterR and dilute to 100 mL with the same
solvent.

Solution 81
To 20.0 g add 2S mL of waterR. Shake until mostly
dissolved, and carefully and progressively, add 15 rnL 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, Method 1).

Thiosulfates
Maximum 0.05 per cent.

To 4.00 g add 100 mL of waterR. Shake to dissolve, add
1amL of formaldehyde solution Rand 10 mL of acetic acid R.
Allow to stand for 5 min, then add 0.5 mL of starch
solution R and titrate with 0.05 M iodine. Carry out a blank

7757-83-7

Anhydrous Sodium. Sulfite

Anhydrous Sodium Sulphite

(ph. Eur. monograph 0775)

NaZS03 126.0

Action and use
Antioxidant.

.sodium Sulfite

www.webofpharma.com



2020 Sodium Tetradecyl Sulfate Concentrate 11-949

Sodium Tetradecyl Sulfate Concentrate
Sodium Tetradecyl Sulphate Concentrate

Me H H OS020Na

Me~Me
H Et

DEFINITION
Sodium Tetradecyl Sulfate Concentrate is an aqueous gel
containing sodium all-rac-4-ethyl-I-isobutyloctyl sulfate.
It contains not less than 46.0% w/w and not more than
52.0% w/w of C14Hz9Na04S,

CHARACTERISTICS
A clear, colourless gel.

IDENTIFICATION
A. Carry out the method for gas chromatography,
Appendix III B, using the following solutions. For solution
(1) boil 0.2 g under a reflux condenser with 20 mL of
2M hydrochloric acid for 15 minutes, allow to cool, add 20 mL

of ethanol (96%) and extract the mixture with two 10 mL
quantities of ti-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-I-ol and 0.7% w/v
of dodecan-1-ol in ti-pentane.

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) coated with
3% w/w of polyethylene glycol (Carbowax 20M is suitable)
and maintained at 1200

•

The retention time of the principal peak in the
chromatogram obtained with solution (1) is less than the
retention time of the peak due to dodecan-I-ol and more
than that of the peak due to decan-I-ol in the chromatogram
obtained with solution (2).

B. Mix 0.1 mL of a 2% w/v solution with 0.1 mL of a
0.1 % w/v 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
boiling on a water bath, shaking frequently. Filter
immediately and evaporate the ethanol. Dissolve the residue
in 8 mL of water, add 3 mL of 2M hydrochloric acid, evaporate
the solution to half its volume and cool. Filter to remove the
congealed fatty alcohols and add 1 mL of 0.25M barium
chloride to the filtrate. A white, crystalline precipitate is
produced.

D. Yields reaction B characteristic of sodium salts,
Appendix VI.

TESTS
Alkalinity
Dissolve 1 g in 100 mL of waterand add 0.1 mL of methyl
redsolution; the solution is yellow. Not more than 0.5 mL of
0.1M hydrochloric acid VS is required to 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 chromatography, Appendix III B, using the
following solutions. Dissolve 75 mg of dodecan-1-ol (internal
standard) in sufficient n-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 quantities of 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
aluminium oxide (Brockmann grade II is suitable) and pre
washed with 25 mL of n-hexane. Elute with 20 mL of a
mixture of equal volumes of n-hexane and ether, evaporate to
dryness using a rotary evaporator and dissolve the residue in
2 mL of n-hexane. Prepare solution (2) in the same manner
but 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) coated with
3% w/w of polyethylene glycol (Carbowax 20M is suitable)
and maintained at 1200

•

Allow the chromatography to proceed for the retention time
of the peak due to the internal standard.

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.

139-88-8316.4

Action and use
Sclerosant.

Preparation
Sodium Tetradecyl Sulfate Injection

mixture of 4 stereoisomers

titration. The difference between the volumes used in the
titrations is not more than 0.15 mL.

Iron (2.4.9)
Maximum 5 ppm, determined on solution Sl.

Selenium
Maximum 5 ppm.

To 6.0 g add 10 mL of formaldehyde solution R, carefully and
progressively add 2 mL of hydrochloric 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 2.0 g of the substance to
be examined to which 0.2 mL of selenium standardsolution
(l00 ppm Se) R has been added.

Zinc
Maximum 12 ppm.

Atomic absorption spectrometry (2.2.23, Method I).

Test solution Dilute 2.0 mL of solution S1 to 10.0 mL with
waterR.
Reference so7utions Prepare the reference solutions using zinc
standardsolution (l00 ppmZn) R, diluting with waterR.

Source Zinc hollow-cathode lamp.

Wavelength 213.9nm.

Atomisationdevice 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 mL of starch solution R and titrate the excess of iodine
with 0.1 M sodium thiosulfate. Carry out a blank titration.

1 mL of 0.05 M iodine is equivalent to 6.30 mg ofNazS03'
____________________ PhEur
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Chloride
Dissolve 33 mg in sufficient water to produce 100 mL.
15 mL of the resulting solution complies with the limit testfor
chlorides, Appendix vn (1%).

Sulfated ash
10.3 to 13.3%, Appendix IX A.

ASSAY
Dissolve 2.4 g in sufficient water to produce 1000 mL.
To 20 mL add 15 mL of chloroform and 10 mL of dimidium
bromide-sulfan blue mixed solution and titrate with 0.004M
benzethonium chloride VS, shaking vigorously and allowing the
layers to separate after each addition, until the pink colour of
the chloroform layer is completely discharged and a greyish
blue colour is produced. Each:.mL of O. 004M benzethonium
chloride VS is equivalent to 1.266 mg of C14HZ9Na04S,

STORAGE
Sodium Tetradecyl Sulfate Concentrate should be protected
from light.

Sodium Thiosulfate
Sodium Thiosulphate

(Ph. Bur. monograph 0414)

NazSz03,5HzO 248.2 10102-17-7

Dissolve 10.0 gin 50 mL of distilled waterR, add 1 mL of
0.1 Ai sodium hydroxide and dilute to 100 mL with the same
solvent.

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 distzlled water R.

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.

ASSAY
Dissolve 0.500 gin 20 mL of waterR and titrate with
0.05 AtI iodine, using 1 mL of starch solution R, added towards
the end of the titration, as indicator.

1 mL of O. 05 M iodine is equivalent to 24.82 mg
of NazSz03,5HzO.

STORAGE
1l'1. an airtight container.
____________________ PhEur

Action and use
Used in treatment of cyanide poisoning.

Preparation
Sodium Thiosulfate Injection

Sodium Valproate
(Ph. Bur. monograph 0678)

PhEur _

PhEur _

DEFINITION
Sodi urn 2-propylpentanoate.

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

ClL'\RACTERS
Appearance
Wllite or almost white, crystalline, hygroscopic powder.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

It shews polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium valproate CRS.

1069-66-5166.2

Action and use
Antiepileptic.

Preparations
.Sodium: Valproate Gastro-resistant Tablets

Sodium Valproate Oral Solution

Sodium Valproate Tablets

Sodium Valproate Prolonged-release Capsules

Sodium Valproate Prolonged-release Tablets

DEFINITION
Content
99.0 per cent to 101.0 per cent of NazSz03,5HzO.

CHARACTERS
Appearance
Transparent, colourless crystals, efflorescent in dry air.

Solubility
Very soluble in water, practically insoluble in ethanol
96 per cent. It dissolves in its water of 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
waterRand 2 mL of silver nitrate solution R2. A white
precipitate is formed which rapidly becomes yellowish and
then black.

C. To 2.5 mL of solution S add 2.5 mL of waterRand
1 mL of hydrochloric acid R. A precipitate of sulfur is formed
and gas is evolved which gives a blue colour to starch iodate
paperR.

D. 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
The freshly prepared solution is clear (2.2.1) and colourless
(2.2.2, Method II).

www.webofpharma.com
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If the spectra obta.ined in the solid state show differences,
record new spectra using discs prepared by placing 50 ul, of
a 100 gIL solution in methanolR 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 water R in a separating
funnel, add 5 mL of dz7ute nitricacidR and shake. Allow the
mixture to stand for 12 h. Use the aqueous lower layer.

Appearance of solution
The solution 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).

Dissolve 2.0 g.in water R and dilute to 10 mL with the same
solvent.

Acidity or alkalinity
Dissolve 1.0 g in 10"inL of waterR. Add 0.1 mL of
phenolphthalein solution R. Not more than 0.75 mL of 0.1 M
hydrochloric acid or 0.1 M sodiumhydroxide is required to
change the colour ofthe 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 dilute sulfuric
acid R and shake with 3 quantities, each of 20 mL, of
heptane R. Dilute the combined upper layers to 100.0 mL
with neptaneR.
Reference solution (a) Dissolve 5 mg of valproic acidfor
system suitability CRS (containing impurity K) in 1.0 mL of
heptaneR.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with heptaneR.

Column:
- material: wide-bore fused silica;
- size: 1= 30 m, 0 = 0.53 mm;
- stationaryphase: macrogol 20 000 2-nitroterephthalate R (film

thickness 0.5 urn).

Carrier gas heliumfor chromatography R.

Flow rate 8 mUmin.
Temperature:

Sodium Valproate 11-951

Limits:
- impurity K: 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
0.05 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
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- disregard limit: 0.03 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.03 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

To 5 mL of solution S add 10 mL of waterR.

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 DC. .

ASSAY
Dissolve 0.150 gin 25 mL of anhydrous acetic acid R. 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 16.62 mg
of CSH1SNaOz.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities K

Otherdetectable impurities (the following 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 impurities 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) A, B, C, D, F, G, I,
J, L.

Column

Injection port

Detector

Time
(min)

0-5

5 - 15

15 - 28.3

28.3 - 30

Temperature
("C)

80

80 150

150 190

190

220

220

A. pentanoic acid (valerie acid),

B. (2RS)-2-ethylpentanoic acid,

Detection Flame ionisation.

Injection 1 ilL.

Relative retention With reference to valproic acid (retention
time = about 17 m.in): impurity K = about 0.97.

System suitabz7ity Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity K and valproic acid.

C. (2RS)-2-(l-methylethyl)pentanoic acid,

www.webofpharma.com
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CHARACTERS
Appearance
White or light yellow 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 solifenacin succinate CRS.
B. Isomeric purity (see Tests).

TESTS
Isomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 50 mg of the substance to be
examined in the mobile phase and dilute to 20.0 mL with
the mobile phase.

Reference solution (a) Dissolve the contents of a vial of
solifenacin for system suitability CRS (containing impurities F,
G and H) in J.O 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 mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: amylose derivative of silica gelfor chiral

separation R (5 11m);
- temperature: 35 DC.

Mobile phase diethylamine R, anhydrous ethanol R, heptane R
(0.1:200:800 V/V/V/

Flow rate (.l.8 mlJmin.

Detection Spectrophotometer at 220 nm.

Injection 10 ilL.
Run time 1.5 times the retention time of solifenacin.

Identification of impurities Use the chromatogram supplied
with solifenacin for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities F, G'and H.
Relative retention With reference to solifenacin (retention
time = about 17 min): impurity F = about 0.7;
impurity H = about 0.76; impurity G = about 0.84.

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

impurities F and H;
- peak-to-valley ratio: minimum 10, 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 H.

Calculation of percentage contents:
- for each impurity, use the concentration of solifenacin in

reference solution (b).

Limits:
- impurities F, G, H: for each impurity, maximum

0.15 per cent.

ImpurityE
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.500 g of the substance to be
examined in methanol R and dilute to 5.0 mL with the same
solvent.

242478-38-2

and enantiomer

480.6

(Ph. Bur. monograph 2779)

DEFINITION
(3R)-1-Azabicyc1o[2.2.2]octan-3-yl (1S)-I-phenyl-3,4
dihydroisoquinoline-2(1H)-carboxylate hydrogen
butanedioate.

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

F. 2-propylpentanamide,

Ph Eur _

G.2,2-dipropylpentanamide,

H3C~CN

H3C~

o

H,C~.
~~H2

H3C CH3

Action and use
Muscarinic M 3 receptor antagonist; anticholinergic.

D. 2,2-dipropylpentanoic acid,

Solifenacin Succinate

____________________ PhEur

K. (2RS)-2-ethyl-2-methylpentanoic acid,

L. (2RS)-2-methylpentanoic acid.

J. 2,2-dipropylpentanenitrile,

1. 2-propylpentanenitrile,

www.webofpharma.com
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Reference solution Dissolve 5.0 mg of 3-quinuclidinol R
(impurity E) in methanolR and dilute to 50.0 mL with the
same solvent.

Plate TLC silica gelplate R (2-10 JlIl1).

Mobile phase concentrated ammonia R, anhydrous ethanolR,
toluene R (6:31:63 V/V/V).

Application 10 ~.

Development Over 2/3 of the plate.

Drying At 100-105 "C for 1 h.

Detection Expose to iodine vapour for at least 2 h.

Relative retention With reference to solifenacin
(Rp =about 0.6): impurity E =about 0.2.

Limit:
- impurity 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
1 L of waterR, add 1.0 mL of diethylamine R and adjust to
pH 11 withcbncentrated ammonia R.

Test solution Dissolve 0.100 g of the substance to be
examined in mobile phase A and dilute to 100.0 mL with
mobile phase A.

Reference solution (a) Dissolve 5 mg of 1-phenyl-1)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: l = 0.10 m, 0 =2.1 nun;
- stationaryphase: end-capped ethylene-bridged polar-embedded

oetadecylsilyl silica gelfor chromatography (hybrid material) R
(1. 7 JlIl1);

- temperature: 40 "C.

Mobile phase:
- mobilephaseA: acetonitrile R1, solvent mixture

(45:55 V/V);
- mobilephase B: acetonitrile R1;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-0.5 90 10

0.5 - 105 90 -> 68 10 -> 32

10.5 - 12.5 68 32

Flow rate 0.4 mIJmin.

Detection Spectrophotometer at 215 nm.

Injection 2.5 IlL.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A.

Relative retention With reference to solifenacin (retention
time =about 2 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 of percentage contents:
- for each impurity, use the concentration of solifenacin in

reference solution (b).

Solifenacin Succinate 11-953

Limits:
- 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

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 gin 50 mL of anhydrous acetic acid R. 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 48.06 mg of
CZ7H3ZNz06'

IMPURITIES
Specified impurities E) F) G) H.

Other detectable impurities (the following substances would) if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimitedby 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 for pharmaceutical use) A) B) C) D) 1.

o. H

05"
A. (1S)-1-phenyl-1,2,3,4-tetrahydroisoquinoline,

B. propan-2-yl (lS)-l-phenyl-3,4-dihydroisoquinoline-2(1H)
carboxylate,

C. bis[(1S)-1-phenyl-3,4-dihydroisoquinolin-2(lH)-yl]
methanone,

D. [(lR)-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl] [(lS)-1
phenyl-3,4-dihydroisoquinolin-2(1H)-yl]methanone,
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growth hormone, It contains a variable quantity of acetic
acid. It is available in the freeze-dried form.

Content
95.0 per cent to 104.0 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 the 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 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 1/8 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 1.10;
glycine: 0.90 to 1.10; alanine: 0.90 to 1.10; phenylalanine:
2.7 to 3.3; serine: 0.7 to 1.05; threonine: 1.4 to 2.1; half
cystine: 1.4 to 2.1; 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-free substance).

Dissolve 2.0 mg in 1.0 mL of a 1 per cent VIV solution of
glaciql 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 mg/mL.

Reference solution (a) Dissolve the contents of a vial of
somatostatin CRS in water R to obtain a concentration of
1.0 mg/mL.

Reference solution (b) Dissolve the contents of a vial of
somatostatin CRS in a 1 mg/mL solution of dithioerythritol R
to obtain a concentration of 1.0 mg/mL. Allow to stand at
room temperature for about 1 h. Mix 1 volume of this
solution and 1 volume of reference solution (a).

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn) with a pore size of 10 nm.

Mobile phase:
- mobile phase A: trifluoroacetic acidR, acetonitrile R, waterR

(0.1:20:80 VIVIV);
- mobile phase B: trifiuoroacetic acidR, acetonitrile R, waterR

(0.1:45:55 VIVIV);

38916-34-61638

G. (3R)-I-azabicyc10[2.2.2]octan-3-yl (IR)-I-phenyl-3,4
dihydroisoquinoline-2(1.H)-carboxylate,

PhEur _

F. (3S)-I-azabicyclo[2.2.2] octan-3-yl (lR)-I-phenyl-3,4
dihydroisoquinoline-Z (1.H)-carboxylate,

(Ph. Bur. monograph 0949)

H. (3S)-1-azabicyclo[2.2.2]octan-3-yl (1S)-1-phenyl-3,4
dihydroisoquinoline-2(1.H)-carboxylate,

H- Ala- Gly - Cys-Lys - Asn-Phe-Phe- Trp - Lys- Thr-
~ 10

Phe- Thr - Ser - Cys- OH

E. (3R)-I-azabicyc10[2.2.2] octan-3-01 (3-quinuclidinol),

Somatostatin

I. (3R)-3-[[(1S)-1-phenyl-3,4-dihydroisoquinoline-2(1.H)
carbonyl]oxy]-1-azabicyclo[2.2.2]oetane l-oxide
(solifenacin N-oxide).

Action and use
Growth hormone release inhibiting hormone.

____________________ PhEur

DEFINITION
L-Alanylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L
phenylalanyl-L-phenylalanyl-L-tryptophyl-L-lysyl-L-threonyl-L
phenylalanyl-L-threonyl-L-seryl-L-cysteine cyclic (3--+14)
disulfide.

Synthetic cyclic tetradecapeptide having the structure of the
hypothalamic hormone that inhibits the release of human

Time
(min)

0-25

25 - 30

30 - 32

Mobile phase A
(per cent VIJI)

100 --> a
a

a -. 100

Mobile phase B
(per cent Vir)

a -. 100

100

100 -+ a
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Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 15 ilL of the test solution and reference
solution (b).

Relative retention With reference to somatostatin (retention
time = about 12 min): reduced somatostatin = about 1.09.

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peak due to reduced

somatostatin and the principal peak;
- numberof theoretical plates: minimum 15 000, calculated

for the principal peak;
- symmetry factor: maximum 2.7 for the principal peak.

Limits:
- any impurity: maximum 1 per cent;
- total: maximum 2 per cent;
- disregard limit: 0.1 per cent.

Acetic acid (2.5.34)
3.0 per centto 15.0 per cent.

Testsolution ..Dissolve 7.0 mg of the substance to be
examined irr.a mixture of 5 volumes of mobile phase Band
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 endotoxins (2.6.14)
Less than 10 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 10 ul; of the test solution and reference
solution (a).

Calculate the content of somatostatin (C76HlO~lS019S2)

taking into account the assigned content of
C76H104NlS019S2 in somatostatin CRS.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 DC to 8 DC. If the substance is sterile, store
in a sterile, airtight, tamper-proof container.
_____________________ PhEur

Somatropin
(Ph. Bur. monograph 0951)

FPTIPLSRLF DNAMLRAHRL HQLAFDTYQE FEEAYIPKEQ

KYSFLQNI?QT SLCFSESIPT I?SNREETQQK SNLELLRISL

LLIQSWLEPV QFLRSVFANS LVYGASDSNV YDLLKDLEEG

IQTLMGRLED GSPRTGQIFK QTYSKFDTNS HNDDALLKNY
,..----,

GLLYCFRKDM DKVETFLRIV QCRSVEGSCG F

Action and use
Growth hormone.

Preparation
Somatropin Injection

Somatropin 11-955

PhEur _

DEFINITION
Protein having the structure (191 amino-acid residues) of the
major component of growth hormone produced by the
human pituitary.

Content
91.0 per cent to 105.0 per cent (anhydrous substance).

By convention, for the purpose of labelling somatropin
preparations, 1 mg of anhydrous somatropin
(C990H152SN2620300S7) is equivalent to 3.0 ill 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 ill/mg, using a
validated bioassay based on growth promotion and approved
by the competent authority.

Somatropin complies with the following additional
requirements.

Host-ceIl-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 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 eleetropherogram 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
the principal peak in the chromatogram obtained with the
reference solution.

C. Peptide mapping (2.2.55).

SELECTIVE CLEAVAGE OF THE PEPTIDE BONDS

Testsolution Prepare a solution of the substance to be
examined in 0.05 M iris-hydrochloride buffer solution pH 7.5 R
to obtain a solution containing 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 0.05M tris-hydrochloride
buffer solution pH 7.5 R and add 30 !J.L to 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-bath
and stop the reaction immediately, for example by freezing.
If analysed immediately using an automatic injector, maintain
at 2-8 DC.

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.
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CHROMATOGRAPHIC SEPARATION Liquid chromatography
(2.2.29).

Column:
- size: I = 0.25 IIl, 0 = 4.6 mm;
- stationary phase: octyls£lJ;l silica gelIor chromatography R

(5-10 J.lII1) with a pore size of 30 om;
- temperature: 30 "C.

Mobile phase:
- mobile phaseA: dilute 1 mL of trifiuoroacetic acid R to

1000 rnL with waterfor chromatography R;
- mobile phaseB: to 100 mL of waterfor

chromatography R, add 1 mL of trifluoroacetic acid R
and dilute to 1000 mL with acetonitrile Rl;

Flow rate 1 rnIJmin.

Detection Spectrophotometer at 214 nm.

Injection 100 JlL.
System suiiability The chromatograms obtained with the test
solution and the reference solution are similar to the
chromatogram of somatropin digest supplied with
somatropin CRS.

Results The profile of the chromatogram obtained with the
te-e 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. Maintain the solutions at 2-8 °C and use within
24 h. If an automatic injector is used; maintain it at 2-8 °C.

Test solution 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/rnL of somatropin.

Reference solution Prepare a solution of somatropin CRS in
0.05 M tris-hydrochloride btiffersolution pH 7.5 R, containing
2.0 mg/mL of somatropin.

Resolution solution Dissolve the contents of a vial of
somatropinldesamidosomatropin 'resolution mixtureCRS in
0.05 M tris-hydrochloride lniffersolution pH 7.5 R to obtain a
concentration of 2 mg/mL of somatropin.

Column:
- size: 1= 0.25 m, 0 =4.6 rom;
- stationary phase: end-capped butylsilyl silica gelfor

chromatography R (5 um) with a pore size of 30 urn;
a silica saturation column is placed between the pump
and the injector valve;

- temperature: 45 "C.

Mobzle phase propanol R~ 0.05 L11 iris-hydrochloride buffer
solution pH 7.5 R (29:71 VIV).

Flow rate 0.5 mUmin.
Detection Spectrophotometer at 220 nm.

Time
(min)

0-20

20 - 40

40 - 65

65 - 70

Mobile phase A
(per cent VA')

100 -+ 80

80 -+ 75

75 -+ 50

50 ...... 20

Mobile phase B
(per cent VA')

0-+20

20 25

25 50

50 80

Preconditioning of the column Rinse with 200-500 rnL of a
0.1 per cent VIV solution of trifiuoroacetic acidR in a
50 per cent VIV solution of acetonitrile R; repeat as necessary,
to improve column performance.

Injection 20!1L.

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.

System suitability Resolution solution:
- resolution: minimum 1.0 between the peaks due to

desamidosomatropin and somatropin;
- symmetry factor: 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.

Testsolution Prepare a solution of the substance to be
examined in 0.025 M phosphate buffer solution pH 7.0 R,
containing 1.0 mglrnL of somatropin.

Reference solution Dissolve the contents of a vial of
somatropin 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 somatropin CRS in an oven
at 50°C 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 mg/rnL.

Column:
- size: 1= 0.30 m, 0 = 7.8 mm;
- stationary phase: hydrophilic silica gelfor chromatography R

of a grade suitable for fractionation of globular proteins in
the relative molecular mass range of 5000 to 150 000.

Mobile phase 2-propanol R, 0.063 M phosphate buffer solution
pH 7.0 R (3:97 VIV); filter and degas.

Flowrate 0.6 mlJmin.

Detection Spectrophotometer at 214 nm.

Injection 20 J.tL.
Relative retention With reference to somatropin monomer
(retention time = 12 min to 17 min): related substances of
higher molecular mass = about 0.65; somatropin
dimer = about 0.9.

System suitability Resolution solution:
- peak-to-valley ratio: minimum 2.5, where Hp = height

above the baseline of the peak due to the 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 times less than that of the

principal peak: maximum 4.0 per cent.

Charged variants
Capillary electrophoresis (2.2.47).

Testsolution (a) Prepare a solution of the substance to be
examined containing 1 mg/mL of somatropin.

Testsolution (b) Mix equal volumes of test solution (a) and
the reference solution.
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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 em, 0 = 50 urn,

Temperature 30 -c,
CZE buffer 13.2 gIL solution of ammoniumphosphate R
adjusted to pH 6.0 with phosphoric acidR and filtered.

Detection Spectrophotometer at 200 run.

Set the autosampler to store the samples at 4 "C during analysis.

Preconditioning of the capillary Rinse with 1 M sodium
hydroxide for 20 min, with Water R for 10 min and with
the CZE buffer for 20 min.

Between-run rinsing Rinse with 0.1 M sodium hydroxide for
2 min and with the CZE buffer for 6 min.

Note: rinsing times may be adapted according to the length of the
capillary and the equipment used.

Injection .Testsolution (a) and the reference solution; under
pressure or vacuum,' using the following sequence: sample
injection for at least.J s then CZE buffer injection for 1 s.

The injection time and pressure may be adapted in order to
meet the system suijability criteria.

Migration Apply afield strength of 217 V/cm (20 kV for
capillaries of 92 cm total length) for 80 min, using the CZE
buffer as the electrolyte in both buffer reservoirs.

Relative migration With reference to somatropin: deamidated
forms = 1.02 to 1.11.

:ystem suitability Reference solution:
- the electropherogram obtained is similar to the

electropherogram of somatropin supplied with
somatropin CRS; 2 peaks (II, lz) eluting prior to the
principal peak and at least 2 peaks (13'14) eluting after the
principal peak are clearly visible.

Note:peak 12 corresponds to the cleaved form and peak 14

corresponds to the deamidated forms, eluting as a doublet.

Limits:
- deamidatedforms: maximum 5.0 per cent;
- any otherimpurity: for each impurity, maximum

2.0 per cent;
- total: maximum 10.0 per cent.

Water (2.5.32)
Maximum 10.0 per cent.

Bacterial endotoxins (2.6.14)
Less than 5 IUlmg, 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 of somatropin (C990HI52SNz6Z0300S7)
from the declared content of C990HI52SNz6Z0300S7 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
proof container.
_____________________ PhEur

Somatropin 11-957

Somatropin Concentrated solution
Somatropin Bulk Solution

(ph. Bur. monograph 0950)

FPTIPLSRLF DNAMLRAHRL HQLAFDTYQE FEEAYIPKEQ

KYSFLQNPQT SLCFSESIPT PSNREETQQK SNLELLRISL

LLIQSWLEPV QFLRSVFANS LVYGASDSNV YDLLKDLEEG

IQTLMGRLED GSPRTGQIFK QTYSKFDTNS HNDDALLKNY
,----,

GLLYCFRKDM DKVETFLRIV QCRSVEGSCG F

22 125

Action and use
Growth hormone.

Preparation
Somatropin Injection

PhEur _

DEFINITION
Solution containing a protein having the structure
(191 amino-acid residues) of the major component of growth
hormone produced by the 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
(C990HI52SNz620300S7) is equivalent to 3.0 IU 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 IU/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
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TESTS
Related proteins
Liquid chromatography (2.2.29): use the normalisation
procedure. Maintain the solutions at 2-8 "C and use within
24 h. If an automatic ir~iectm is used, maintain it at 2-8 "C.

Flow rate 1 mLlmin.

Detection Spectrophotometer at 214 run.

Injection 100 j.lL.

System suitability The chromatograms obtained with the test
solution and the reference solution are 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.

the principal peak in the chromatogram obtained with the
reference solution.

C. Peptide mapping (2.2.55).

SELECTIVE CLEAVAGE OF TIlE PEPTIDE BONDS

Test solution Dilute the solution to be examined with
0.05 M iris-hydrochloride buffersolution pH 7.5 R so that it
contains 2.0 mg/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 mapping R in 0.05 M iris-hydrochloride buffersolution
pH 7.5 R and add 30 J!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.

Note: If a 2 mglmL somatropin concentration is not obtainable, a
similar digest relationship (micrograms of trypsin per milligram 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 m, (2) =4.6 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(5-10 urn) with a pore size of 30 TIm;
- temperature: 30 "C.

NIobzIe phase:
- mobile phaseA: dilute 1 mL of trifluoroacetic acidR to

1000 mL with water for chromatography R;
- mobile phase B: to 100 mL of waterfor

chromatography R, add 1 mL of trifluoroacetic add R
and dilute to 1000 mL with acetonitrile Rl;

Time
(min)

0-20

20 - 40

40 - 65

65 - 70

Mobile phase A
(per cent VIJI)

100 ~ 80

80 -> 75

75 -> 50

50 -> 20

Mobile phase B
(per cent VIJI)

o~ 20

20 ~ 25

25 -> 50

50 ~ 80

Test solution Dilute the solution to be examined in 0.05 M
iris-hydrochloride buffer solution pH 7.5 R, so as to contain
2.0 mg/mL 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 NI tris-hydrochloride 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/mL of somatropin.

Column:
- size: l = 0.25 m, 0 =4.6 rom;
- stationary phase: end-capped butylsilyl silica gelfor

chromatography R (5 urn) with a pore size of 30 TIm;
a silica saturation column is placed between the pump
and the injector valve;

- temperature: 45 "C.

Mobile phase propanol R, 0.05 M tris-hydrochloride buffer
solution pH 7.5 R (29:71 VIV).
Flow rate 0.5 mLlmin.

Detection Spectrophotometer at 220 nm.

Preconditioning of the column Rinse with 200-500 mL of a
0.1 per cent VIV solution of trifluoroacetic acidR in a
50 per cent VIV solution of acetonitrile R; repeat as necessary,
to improve column performance.

Injection 20 j.tL.

Relativeretention With reference to somatropin (retention
time = about 3.: min; if necessary adjust the concentration of
propancsR in the mobile phase):
desamidosomatropin = about 0.85.

System suitability Resolution solution:
- resolution: minimum 1.0 between the peaks due to

desamidosomatropin and somatropin;
- symmetry factor. 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 Dilute the solution to beexamined in 0.025 M
phosphate buffersolution pH 7.0 R, so as to contain 1.0 mg/mL
of somatropin.

Reference solution Dissolve the contents of a vial of
somatropin 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 somatropin CRS in an oven
at 50 "C for a period sufficient to generate 1-2 per cent of
dimer (typically 12-24 h). Dissolve its contents 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.

Column:
- size: l =0.30 m, 0 =7.8 mm;
- stationary phase: hydrophilic silica gelfor chromatography R

of a grade suitable for fractionation of globular proteins in
the relative molecular mass range of 5000 to 150 000.

Mobile phase 2-propanol R, 0.063 M phosphate buffersolution
pH 7.0 R (3:97 VIV); filter and degas.

Flow rate 0.6 mlJmin.
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PhEur _

Sorbic Acid

Bacterial endotoxins (2.6.14)
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 (2.2.30) as described in the
test for dimer and related substances of higher molecular
mass.

Calculate the content of somatropin (C990H152SN2620300S7)
from the declared content of C990HI52SN2620300S7 in
somatropin CRS.

STORAGE
In an airtight container at a temperature of -20°C. Avoid
repeated freezing and thawing. If the solution is sterile, store
in a sterile, airtight, tamper-proof container.

LABELLING
The label states:
- the content of somatropin in milligrams per millilitre;
- the name and concentration of any auxiliary substance.
_____________________ PhEur

110-44-1112.1

(Ph. Bur. monograph 0592)

Action and use
Antimicrobial preservative.

DEFINITION
(B,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.

Solubility
Slightly soluble in water, freely soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, C.
Second identification: A, B, D.
A. Melting point (2.2.14): 132°C to 136°C.

E. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg 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 run.

Absorption maximum At 264 run.

Specific absorbance at the absorption maximum 2150 to 2550.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison sorbic acidCRS.

Detection Spectrophotometer at 214 run.

Injection 20~.

Relativeretention With reference to somatropin monomer
(retention time ::: 12 min to 17 min): related substances of
higher molecular mass =about 0.65; somatropin
dimer =about 0.9.

System suitability Resolution solution:
- peak-to-valley ratio: minimum 2.5, where Hp =height

above the baseline of the peak due to the 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 timesless than that of the

principal peak: maximum 4.0 per cent.

Charged variants
Capillary electrophoresis (2.2.47).

Test solution (a) Dilute the solution to be examined so as to
obtain a concentration of 1 mg/mL of somatropin.

Testsolution (b) .Mix equal volumes of test solution (a) and
the reference solution.

Reference solution;Dissolve the contents of a vial of
somatropin CRSin water R 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 em, 0 = 50 1J1l1.

Temperature 30°C.

CZB buffer 13.2 gIL solution of ammoniumphosphate R
adjusted to pH 6.0 with phosphoric acidR and filtered.

Detection Spectrophotometer at 200 run.

Set the autosampler to storethe samples at 4 °C during 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-run rinsing Rinse with 0.1 M sodium hydroxide for
2 min and with the CZE buffer for 6 min.

Note: rinsing times may be adaptedaccording to the length of the
capillary and the equipmentused.

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.

Migration Apply a field strength of 217 V/cm (20 kV for
capillaries of 92 em total length) for 80 min, using the CZE
buffer as the electrolyte in both buffer reservoirs.

Relativemigration With reference to somatropin: deamidated
forms =1.02 to 1.11.

System suitability Reference solution:
- the electropherogram obtained is similar to the

electropherogram of somatropin supplied with
somatropin CRS; 2 peaks (II' 12) eluting prior to the
principal peak and at least 2 peaks (I3, lJ eluting after the
principal peak are clearly visible.

Note:peak 12 corresponds to the cleaved form and peak 14

corresponds to the deamidatedforms, eluting as a doublet.

Limits:
- deamidatedforms: maximum 5.0 per cent;
- any otherimpurity: for each impurity, maximum

2.0 per cent;
- total: maximum 10.0 per cent.
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D. Dissolve 0.2 gin 2 mL of ethanol (96 percent) R and add
0.2 mL of bromine waterR. The solution is decolorised.

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 (2.2.1) and colourless (2.2.2" Method11).

Aldehydes
Maximum 0.15 per cent, calculated as CZH40.

Dissolve 1.0 g in a mixture of 30 mL of waterR and 50 mL
of 2-propanol R, adjust to pH 4 with 0.1 M hydrochloric acid
or 0.1 M sodium hydroxide and dilute to 100 mL with
waterR. To 10 mL of this solution add 1 mL of decolorised
fuchsin solution R and allow to stand for 30 min. Any colour
in the solution is not more intense than that in a standard
prepared at the same time by adding 1 mL of decolorised
fuchsin solution R to a mixture of 1.5 mL of acetaldehyde
standard solution (loa ppm CZH40) R, 4 mL of 2-propanol R
and 4.5 mL of waterR.

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 gin 20 mL of ethanol (96 per cent) R. Using
0.2 mL of phenolphthalein solution R as indicator, titrate with
0.1 M sodium hydroxide until a pink colour is obtained.

1 mL of 0.1 M sodium hydroxide is equivalent to 11.21 mg of
C6HsOz•

STORAGE
Protected from light.
_____________________ PhEur

Sorbitan Laurate
(ph. Bur. monograph 1040)

Action and use
Non-ionic surfactant.

When sorbitan monolaurate is demanded, Sorbitan Laurate
shall be supplied.

PhEur ~ _

DEFINITION
Mixture usually obtained by partial esterification of sorbitol
and its mono- and di-anhydrides with lauric (dodecanoic)
acid.

CHARACTERS
Appearance
Brownish-yellow, viscous liquid.

Solubility
Practically insoluble but dispersible in water, miscible with
ethanol (96 per cent).

Relative density
About 0.98.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

2020

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" MethodA)
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"Method C).

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 per cent;
- lauric 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.

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.

FUNCTIONALIIT-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parametersfor oneormore
functions of the substance when usedas an excipient (see chapter
5.15). Some of the characteristics described in theFunctionality
related characteristics section may also bepresent 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 quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. Where control methods are cited" they are
recognised as being suitable for thepurpose" but other methods can
also be used. ~Vhere'ver results for a particular characteristic are
reported, the control method must be indicated.
Thefollowing characteristics may be relevant for sorbitan laurate
usedas emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).
_____________________ PhEur
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Sorbitan Oleate
(ph. Bur. monograph 1041)

Action and use
Non-ionic surfactant.

When sorbitan mono-oleate is demanded, Sorbitan Oleate
shall be supplied.

PhEur _

DEFINITION
Mixture usually obtained by esterification of 1 mole of
sorbitol and its mono-and di-anhydrides per mole of oleic
((9Z)-octadec-9-enoic) acid. A suitable antioxidant may be
added.

CHARACTERS
Appearance
Brownish-yellow, viscous liquid.

Solubility",,;,;:~

Practically insolublebut dispersible in water, soluble in fatty
oils producing a haZy solution, 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).

Margaric 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, Method A)
190 to 210.

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, Method C).

Composition of thefatty acidfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- palmitic acid: maximum 16.0 per cent;
- palmitoleic acid: maximum 8.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: 65.0 per cent to 88.0 per cent;
- linoleic acid: maximum 18.0 per cent;
- linolenic acid: maximum 4.0 per cent;
- fatty acids with chain length greater than CI 8: 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 1.5 g.

STORAGE
Protected from light.

Sorbitan Palmitate 11-961

LABELLING
The label states the origin of the oleic acid used (animal or
vegetable).

FUNCTIONALITY-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 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 also represent mandatory quality
criteria. In suchcases, a cross-reference to the tests described in the
mandatory part is included in theFunctionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal produce by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. W7zere control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control methodmust beindicated.

The following characteristics may be relevant for sorbitan oleate
usedas emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).
____________________ PhEur

Sorbitan Palmitate
(ph. Bur. monograph 1042)

Action and use
Non-ionic surfactant.

When sorbitan monopalmitate is demanded, Sorbitan
Palmitate shall be supplied.

PhEur _

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 the 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 (2.5.1)
Maximum 8.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
270 to3Q5.,

Peroxide value (2.5.5)
Maximum 5.0.
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11-962 Sorbitan Sesquioleate

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 acidfraction of the substance:
- palmitic acid: minimum 92.0 per cent;
- stearic acid: maximum 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 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 characteristics described in.the Functionality
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory qual£ty
criteria. In such cases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qual£ty of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
productduringuse. W"here 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 beindicated.

The following characteristics may be relevant for sorbitan palmitate
used as emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).
_____________________ PhEur

Sorbitan Sesquioleate
(Ph. Eur. monograph 1916)

Action and use
Non-ionic surfactant.

PhEur _

DEFINITION
Mixture usually obtained by esterification of 2 moles of
sorbitol and its mono- and di-anhydrides per 3 moles of oleic
((9Z)-octadec-9-enoic) acid. A suitable antioxidant may be
added.

CHARACTERS
Appearance
Pale yellow or slightly brownish-yellow paste, which becomes
a viscous, oily, brownish-yellow liquid at about 25 DC.

Solubility
Dispersible in water, soluble in fatty oils, slightly soluble in
ethanol (96 per cent).

Relative density
About 0.99.

2020

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Composition of fatty acids (see Tests).

Margaric 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)
180 to 215.

Iodine value (2.5.4)
70 to 95.

Peroxide value (2.5.5)
Maximum 10.0.

Saponification value (2.5.6)
145 to 166.

Carry out the saponification for I h.

Composition of fatty acids
Gas chromatography (2.4.22, Method C).

Composition of thefatty acidfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- palmz't';c add: maximum 16.0 per cent;
- palmitoleic acid: maximum 8.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic add: 65.0 per cent to 88.0 per cent;
- linoleic add: maximum 18.0 per cent;
- linolenic acid: maximum 4.0 per cent;
- fatty acids wz'th chain length greater than C18: 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 1.5 g.

STORAGE
Protected from light.

LABELLING
The label states the origin of the oleic acid used (animal or
vegetable).

FUNCTIONALITY-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 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 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 quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. 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 characteristic are
reported, the control methodmust be indicated.
Thefollowing characteristics may berelevant for sorbitan
sesquioleate used as emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).
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PhEur _

_____________________ PhEur

Sorbitan Stearate

Hydroxyl value
(see Tests).

_____________________ PhEur

(Ph. Bur. monograph 1044)

Action and use
Non-ionic surfactant.

PhEur _

DEFINITION
Mixture usually obtained by esterification of 1 mole of
sorbitol and its mono-anhydride per 3 moles of oleic ((9.2)
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.

Solubility
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).

Margaric 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.

Sorbitan Trioleate

LABELLING
The label states the type of sorbitan stearate.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics 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 characteristics described in theFunctionality
related characteristics section may also bepresent 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 manufacturing process and theperformance of the medicinal
product duringuse. Where control methods are cited, they are
recognised as beingsuitable for thepurpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.

Thefollowing characteristics may be relevant for sorbitan stearate
usedas emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).

Composition of fatty acidsType of fatty
acid used

Stearic acid SO Stearic acid: 40.0 per cent to 60.0 per cent,
Sum of thecontents ofpalmitic and stearic acids:
minimum 90.0 per cent.

Stearic acid 70 Stearic acid: 60.0 per cent to 80.0 per cent,
Sum of thecontents ofpalmitic andstearic acids:
minimum 90.0 per cent.

Sorbitan
stearate
(type I)

Sorbitan
stearate
(type II)

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.

(ph. Bur. monograph 1043)

Action and use
Non-ionic surfactant.

When sorbitan monostearate is demanded, Sorbitan Stearate
shall be supplied.

DEFINITION
Mixture usually obtained by partial esterification of sorbitol
and its mono- and di-anhydrides with Stearic acid50 (1474)
or Stearic acid70 (1474).

CHARACTERS~'-~

Appearance-
Pale yellow, waxy solid.

Solubility
Practically insoluble but dispersible in water, slightly soluble
in ethanol (96 per cent).

IDENfIFICATION
A. Melting point (2.2.15): 50°C to 60 DC.

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~ Method A)
235 to 260.

Peroxide value (2.5.5)
Maximum 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~ Method C).

Composition of thefatty acidfraction of thesubstance:
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PhEur ~ _

DEFINITION
n-Glucitol (n-sorbitol).

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble in water, practically insoluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
Fustidenufication:A.

Secondidentification: B, C, D.

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 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
pyridine Rand 5 mL of acetic anhydride ~.After 10 min, pour
the solution into 25 mL of waterR and allow to stand in iced
water for 2 h. The precipitate, recrystallised from a
small volume of ethanol (96 per cent) R and dried in vacuo,
melts (2.2.14) at 98°C to 104°C.

e. Thin-layer chromatography (2.2.27).

Test solution 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 sorbitol CRS in
waterR and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 25 mg of mannitol CRS and
25 mg of sorbitol CRS in waterR and dilute to 10 mL with
the same solvent.

Plate TLC silica gelplateR.

Mobzle phase waterR, ethylacetate R, propanol R
(10:20:70 V/V/V).

Application 2 J-lL.
Development Over 2/3 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 °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.

50-70-4182.2

~
O H OH

H ..-

HO .... ~O \H '~OH

HO

Action and use
Used for parenteral nutrition.

Sorbitol
(ph. Bur. monograph 0435)

Iodine value (2.5.4)
76 to 90.

Peroxide value (2.5.5)
Maximum 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, Method C).

Composition of thefatty acidfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- palmitic acid: maximum 16.0 per cent;
- palmitoleic acid: maximum 8.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: 65.0 per cent to 88.0 per cent;
- linoleic acid: maximum 18.0 per cent;
- linolenic acid: maximum 4.0 per cent;
- fatty acids with chain length greater than C18: 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 1.5 g.

STORAGE
Protected from light.

LABELLING
The label states the origin of the oleic acid used (animal or
vegetable).

FUNCTIONALITY-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 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 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 quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. W'here control methods are cited, 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 beindicated.

The following characteristics may berelevant for sorbitan trioleate
used as emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).
_____________________ PhElJr
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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).

D. Specific optical rotation (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 tetraborate R in 40 mL of waterR. Allow to stand for
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~

Method 11).

Dissolve 5 g in waterR and dilute to 50 mL with the same
solvent.

Conductivity (2.2.38)
Maximum 20 JlS·cm-1

.

Dissolve 20.0 gin carbon dioxide-jree waterR prepared from
distilled waterR 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 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 glacial acetic acid Rand 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 water R and, when the precipitate has dissolved, titrate the
excess of iodine with 0.05 M sodium thiosulfate using 1 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.

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 water 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 water R.
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 O.s g
of mannitolR (impurity A) in 5 mL of waterR and dilute to
10 mL with the same solvent.

Column:
- size: 1= 0.3 m, (2) = 7.8 nun;
- stationary phase: strong cation-exchange resin (calcium

form) R (9 urn);
- temperature: 85 ± 1°C.

Mobile phase Degassed waterfor chromatography R.

Flow rate 0.5 mIJmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Sorbitol 11-965

Injection 20!J.L 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 0.6;
impurity A = about 0.8; impurity B = about 1.1.

System suitability Reference solution (d):
- resolution: minimum 2.0 between the peaks due to

impurity A and sorbitol.

Limits:
- any impurity. for each impurity, not more than the area of

the principal peak in the chromatogram obtained with
reference solution (b) (2.0 per cent);

- total: not more than 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (3.0 per cent);

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

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g. Use a mixture
of 1 volume of formamide Rl and 2 volumes of anhydrous
methanolR as solvent.

Microbial contamination
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 102 CFU/g (2.6.12).

If not intended for use in the manufacture of parenteral
preparations:
- TAMC: 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).

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 ofless than 100 gIL ofsorbitol;
- 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 test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of C6H 140 6 taking into
account the assigned content of sorbitol CRS.

LABELLING
The label states:
- where applicable, the maximum 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. D-mannitol,
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B. n-iditol,
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HO I O' OH
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HO
OH

C. 4-0-a.-n-glucopyranosyl-n-glucitol (n-maltitol).

FUNCTIONAliTY-RELATED CHARACTERISTICS
This section provides information on characteristics that 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 Funaionality
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory qual£ty
criteria. In such cases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. W7zere control methods arecited, they are
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.

The following characteristics may be relevant for sorbitol used as
filler and binder in tablets.

Particle-size distribution (2.9.31 or 2.9.38)

Powder flow (2.9.36)
_____________________ PhEur

Partially Dehydrated liquid
Sorbitol
(Sorbitol, Liquid, Partially Dehydrated, Ph. Eur.
monograph 2048)

Action and use
Excipient.

PhEur _

DEFINITION
Partially dehydrated liquid sorbitol is obtained by acid
catalysed partial internal dehydration of liquid sorbitol.
It contains not less than 68.0 per cent m/m and not more
than 85.0 per cent m/m of anhydrous substances, composed
of a mixture of mainly p-sorbirol and l,4-sorbitan, with
mannitol, hydrogenated oligo- and disaccharides, and
sorbitans,

Content
(nominal value):
- l,4-sorbitan (C6H1ZOS): minimum 15.0 per cent

(anhydrous substance);
- D-sorbitol (C6H140 Ii) : minimum 25.0 per cent

(anhydrous substance).

2020

The contents of l,4-sorbitan and n-sorbitol are within
95.0 per cent to 105.0 per cent of the nominal values.

CHARACTERS
Appearance
Clear, colourless, syrupy liquid.

Solubility
Miscible with water, practically insoluble in mineral oils and
vegetable oils.

IDENfIFICATION
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 size to
the peaks in the chromatogram obtained with reference
solution (a).

TESTS
Solution S
Dilute the substance to be examined with carbon dioxide-free
waterR prepared from distilled water R to obtain a solution
containing 50.0 per cent m/m of anhydrous substance.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Conductivity (2.2.38)
Maximum 20 IlS·cm-1.

Measure the conductivity of solution S, while gently stirring
with a magnetic stirrer.

Reducing sugars
Maximum 0.3 per cent, calculated as glucose (anhydrous
substance) .

To an amount of the substance to be examined equivalent to
3.3 g of anhydrous substance, add 3 mL of waterR, 20.0 mL
of cupri-citric 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 204 per cent V/V solution of
glacial acetic add Rand 20.0 mL of 0.025 M iodine. With
continuous shaking, add 25 mLof a mixture of 6 mL of
hydrochloric 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,
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
TAMC: 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).

ASSAY
Liquid chromatography (2.2.29).

Testsolution 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 sorbitol CRS and
20.0 mg of 1,4-sorbitan CRS in water R and dilute to 5.0 mL
with the same solvent.

Reference solution (bJ Dissolve 0.100 g of mannitolRand
0.100 g of sorbitol R in water R and dilute to 10 mL with the
same solvent.

Column:
- size: 1= 0.3 m, 0 =7.8 mm;
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- stationary phase: strong cation-exchange resin (calcium
form) R (9 um);

- temperature: 80 ± 5°C.

Mobile phase Degassed water for chromatography R.
Flow rate 0.5 mlJmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 30-35 DC).

Injection 40 ~L.

Relative retention With reference to D-sorbitol (retention
time =about 25 min): l,4-sorbitan = about 0.5;
mannitol = about 0.8.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

mannitol and n-sorbitol,

Calculate the percentage contents of l,4-sorbitan (C6H 120S)

and D-sorbitol (C6H1406) taking into account the assigned
contents of 1,4-sorbitan CRS and sorbitol CRS.

LABELLING
The label staterilie;,content of D-sorbitol and the content of
l,4-sorbitan (=irloIninal values).
____________________ PhEur

Liquid Sorbitol (Crystallising)
Sorbitol Solution (70 per cent) (Crystallising)

(Ph. Bur. monograph 0436)

Action and use
Excipient.

PhEur _

DEFINITION
Aqueous solution of a hydrogenated, partly hydrolysed
starch.

Content
- anhydrous substance: 68.0 per cent m/m to

72.0 per cent m/m,
- D-glucitol (n-sorbitol, C6H140 6) : 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 waterR and 6.4 g of disodium
tetraborate R, allow to stand for 1 h, shaking occasionally, and
dilute to 50.0 mL with waterR. Filter if necessary. The angle
of rotation (2.2.7) is 00 to + 1.5°.

C. It is a clear, syrupy liquid at a temperature of 25 DC.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

Dilute 7.0 g to 50 mL with waterR.

Sorbitol 11-967

Conductivity (2.2.38)
Maximum 10 ~S·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 glucose equivalent.

To 5.0 g add 6 mL of water R, 20 mL of cupri-citric
solution 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 glacial acetic
acidRand 20.0 mL of 0.025 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 1 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 (2.5.12)
28.0 per cent to 32.0 per cent mlm, determined on 0.100 g.

ASSAY
Liquid chromatography (2.2.29).

Test solution Mix 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 sorbitol CRS in
2 mL of waterR and dilute to 5.0 mL with the same solvent.

Reference solution (b) Dissolve 65 mg of mannitol Rand
65 mg of sorbitol 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 mID,

- stationary phase: strong cation-exchange resin (calcium
form) R (9 urn),

- temperature: 85 ± 1°C.

Mobile phase Degassed water for chromatography R.

Flow rate 0.5 mlJmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 20 J.LL.
Run time Twice the retention time of 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 C6H140 6 taking into
account the assigned content of sorbitol CRS.
____________________ PhEur

Liquid Sorbitol (Non-crystallising)
Sorbitol Solution (70 per cent) (Non-crystallising)

(Ph. Bur. monograph 0437)

Action and use
Excipient.

PhEur _

DEFINITION
Aqueous solution of a hydrogenated, partly hydrolysed
starch.
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PhEur _

____________________ PhEur

959-24-0

Hel

308.8

Action and use
Beta-adrenoceptor antagonist; class II and class ill
antiarrhythmic.

DEFINITION
N-[4-[(IRS)-I-Hydroxy-2-[(I-methylethyl)arni.no]
ethyl]phenyl] methanesulfonamide 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, soluble in alcohol, practically
insoluble in methylene chloride.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison. sotalol hydrochloride CRS.

Sotalol Hydrochloride
(Ph. Bur. monograph 2004)

ASSAY
Liquid chromatography (2.2.29).

Test solution Mix 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 55.0 mg of sorbitol CRS in
2 mL of water R and dilute to 5.0 mL with the same solvent.

Reference solution (b) Dissolve 55 mg of mannitol Rand
55 mg of sorbitol R in 2 mL of waterR and dilute to 5 mL
with the same solvent.

Column:
- size: 1= 0.3 m, 0 = 7.8 rom,
- stationaryphase: strong cation-exchange resin (calcium

form) R (9 urn),
- temperature: 85 ± 1°C.

Mobilephase Degassed waterfor chromatography R.

Flow rate 0.5 mIJmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 20!lL.

Run time Twice the retention time of 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 C6H140 6 taking into
account the assigned content of sorbitol CRS.

Content
- anhydrous substance: 68.0 percent m/m to

72.0 per cent mlm,
- D-glucitol (n-sorbitol, C6H1406) : 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 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
tetraborate R. Allow to stand for 1 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 (2.2.1) and colourless (2.2.2~

Method II).

Dilute 7.0 g to 50 mL with waterR.

Conductivity (2.2.38)
Maximum 10 !lS·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 glucose equivalent.

To 5.0 g add 6 mL of waterR, 20 mL of cupri-citric
solution 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 V/V solution of glacial 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 water R and, when the precipitate
has dissolved, titrate the excess of iodine with 0.05 M sodium
thiosulfate using 1 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.

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 1 M hydrochloric
acid and a few glass beads. Boil under a reflux condenser for
4 h. Cool and neutralise with dilute sodiumhydroxide
solution R using 0.2 mL of bromothymol bluesolution 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-citric solution 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 V/V solution
of glacial acetic acid Rand 20.0 rnL of 0.025 M iodine. With
continuous shaking, add 25 mL of a mixture of 6 volumes of
hydrochloric acid R and 94 volumes of waterR. When the
precipitate has dissolved, titrate the excess of iodine with
0.05 M sodium thiosulfate using 1 rnL of starch solution R,
added towards the end of the titration, as indicator. Not less
than 8.0 mL of 0.05 .i\lI sodium thiosulfate is required.

. Water (2.5.12)
28.0 per cent to 32.0 per cent m/m, determined on 0.100 g.
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B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free water R and dilute to
50.0 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension ill (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2, MethodII).

pH (2.2.3)
4.0 to 5.0.

Dilute 5.0 mL of solution S to 10.0 mL with carbon dioxide
free waterR.

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 (2.2.29).

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 {p,} 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 mL with the mobile phase.

Reference solution (b) Dissolve 8.0 mg of sotalol
impurityB 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) 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 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.lIl1).

Mobile phase Dissolve 2 g of sodium octanesulfonate R in
790 mL of waterR. Adjust to pH 3.0 with phosphoric acidR
and add 210 mL of acetonitrile R.
Flow rate 1 mIJmin.

Detection Spectrophotometer at 228 nm.

Injection 10 ~; inject the test solution and reference
solutions (a), (c) and (d).

Run time 2.5 times the retention time of sotalol,

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

and to impurity B.

Limits:
- impurity B: not more than 0.25 times the area of the

principal peak in the chromatogram obtained with
reference solution (c) (0.1 per cent);

- airyother impurity: 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 than 0.3 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- totalof other impurities: not more than 1.65 times the area
of the principalpeak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

Sotalol Hydrochloride 11-969

- disregard limit: 0.17 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Palladium
Maximum 0.5 ppm.

Atomic absorption spectrometry (2.2.23, MethodI).

Test solution Dissolve 1.00 g in a mixture of 0.25 volumes of
nitric acid R, 0.75 volumes of hydrochloric acidRand
99.0 volumes of water R and dilute to 20.0 mL with the
same mixture of solvents.

Reference solutions Use solutions containing 0.02 ug, 0.03 ug
and 0.05 Jlg of palladium per millilitre, freshly prepared by
dilution of palladium standard solution (0.5 ppm Pd) R with a
mixture of 0.25 volumes of nitric acid R, 0.75 volumes of
hydrochloric acid Rand 99.0 volumes of waterR.
Source Palladium hollow-cathode lamp.

Wavelength 247.6 nm.
Use a graphite tube.

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
In order to avoid overheating during the titration, mix thoroughly
throughout and stopthe titration immediately afterthe end-point
has been reached.
Dissolve 0.250 gin 10 mL of anhydrous formic acidR, if
necessary with the aid of ultrasound. Add 40 mL of acetic
anhydride R and titrate immediately with 0.1 JIII perchloric
acid. Determine the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 30.88 mg of
C1zHz 1CINz03S.

STORAGE
Protected from light.

IMPURITIES

A. N- [4-[2-[(l-methylethyl)amino]ethyl]
phenyl]methanesulfonamide,

B. N- [4-[[(l-methylethyl) amino]acetyl]
phenyl]methanesulfonamide,

C. N-(4-formylphenyl)methanesulfonamide,
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____________________ PhEur

PhEur _

Hydrogenated Soya Oil

Action and use
Excipient.

Refined Soyabean Oil

(RefinedSoya-bean Oil, Ph. Bur. monograph 1473)

Refined Soya Oil

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.

- stationary phase: poly(cyanopropyl)siloxane R (:film thickness
0.2 um).

Carrier gas helium for chromatography R.

Flowrate 0.65 mIJrnin.

Split ratio 1:100.
Temperature:
- column: 180°C for 20 min;
- injection port and detector: 250 °C.

Detection Flame ionisation.

Composition of thefatty-acid fraction of the oil:
- saturated fatty acids of chainlength less than C14: maximum

0.1 per cent;
- myristic acid: maximum 0.5 per cent;
- palmiticacid: 9.0 per cent to 16.0 per cent;
- stearic acid: 79.0 per cent to 89.0 per cent;
- oleic acid and isomers: maximum 4.0 per cent;
- linoleic acidand isomers: maximum 1.0 per cent;
- linolenic acid and isomers: maximum 0.2 per cent;
- arachidic acid: maximum 1.0 per cent;
--behenic acid: maximum 1.0 per cent.

Nickel
Maximum 1 ppm.

Atomic absorption spectrometry (2.2.23, Method II).

Testsolution Introduce 5.0 g into a platinum or silica
crucible, previously tared after calcination. Cautiously heat
and introduce into the substance a wick formed from twisted
ashless filter paper. Light the wick. When the substance is
alight stop heating. After combustion, ignite in a muffle
furnace at about 600 ± 50°C. Continue the ignition until
white ash is obtained. After cooling, take up the residue with
2 quantities, each of 2 mL, of dilute hydrochloric acidR and
transfer into a 25 mL graduated flask. Add 0.3 mI.... of nitric
acidR and dilute to 25.0 mL with waterR.
Reference solutions Prepare 3 reference solutions by adding
1.0 mL, 2.0 mL and 4.0 mL of nickel standard solution
(0.2 ppmNi) R to 2.0 mL of the test solution and diluting to
10.0 mL with waterR.
Source Nickel hollow-cathode lamp.

Wavelength 232 nm.

Atomisation device Graphite furnace.

Carrier gas argon R.

STORAGE
Protected from light.
____________________ PhEur

and enantiomer_

HO
H \ CHs
:~

o 0d~'N CHs
\\ II H

H C"S .... N .#
s H

Hydrogenated Soyabean Oil

(Hydrogenated Soya-bean oi, Ph. Bur. monograph 1265)

D. N-[4-[(lRS)-2-hydroxy-1-[(1-methylethyl)amino]
ethyl]phenyl]methanesulfonamide.

DEFINITION
Product obtained by refining, bleaching, hydrogenation and
deodorisation of oil obtained from seeds ofGlycine max (L.)
Merr. (G. hispida (Moench) Maxim.). The product consists
mainly of triglycerides of palmitic and stearic acids.

CHARACTERS
Appearance
White or almost white mass or powder which melts to a
clear, pale yellow liquid when heated.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, in light petroleum (bp: 65-70 °C) after heating and
in toluene, very slightly soluble in ethanol (96 per cent).

IDENTIFICATION
A. Melting point (see Tests).

B. Composition of fatty acids (see Tests).

TESTS
Melting point (2.2.15)
66°C to 72 -c,
Acid value (2.5.1)
Maximum 0.5.

Dissolve 10.0 gin 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 solution Rl as indicator. Titrate the solution
immediately while still hot.

Peroxide value (2.5.5, MethodA)
Maximum 5.0.

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 g/L solution of bromophenol blue R 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 (2.4.22, MethodA)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Column:
- material: fused silica;
- size: 1= 25 m, 0 = 0.25 rom;
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2020 Spectinomycin Dihydrochloride Pentahydrate 11-971

____________________ PhEur

Molec. Formula MrR R'Compound

(4R)-dihydro-
spectinomycin OH H C14HzsClzNz07,5HzO 497.4

Action and use
Aminocyclotol antibacterial.

PhEur _

Spectinomycin Dihydrochloride
Pentahydrate
(Ph. Bur. monograph 1152)

DEFINITION
Mixture of (2R,4aR,5aR,6S,7S,8R,9S,9aR,lOaS)4a,7,9
ttihydroxy-2-methyl-6,8-bis (methylamino)decahydro-411
pyrano[2,3-b] [1,4]benzodioxin-4-one dihydrochloride
pentahydrate (spectinomycin dihydrochloride pentahydrate)
and of (2R,4R,4aS,5aR,6S,7S,8R, 9S,9aR,10aS)-2-methyl
6,8-bis(methylamino)decahydro-2H-pyrano[2,3-b]
[1,4]benzodioxine-4,4a,7,9-tetrol dihydrochloride
pentahydrate ((4R)-dihydrospectinomycin dihydrochloride
pentahydrate). .... ~,~.

It is produced by Streptomyces spectabilis or by any other
means.

Content
- (4R)~dihydrospectinomycr:n dihydrochloride: maximum

9.0 per cent (anhydrous substance);
- sum of the contents of spectinomycin dihydrochloride and

(4R)-dihydrospectinomycin dihydrochloride: 93.0 per cent to
102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic powder.

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

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison spectinomycin hydrochloride CRS.
B. Dilute 1.0 mL of solution S (see Tests) to 10 mL with
water R. 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.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral preparations
and the name of the inert gas.

PhEur _

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.

CHARACTERS
Appearance
Clear, pale yellow liquid.

Solubility
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.

Secondidentificacio::t: A.
_i~.

A. Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained is similar to the
corresponding chr§matogram 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~ MethodA)
Maximum 10.0, or maximum 5.0 if intended for use in the
manufacture of parenteral preparations.

Unsaponifiable 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 thefatty-acidfraction of the oil:
- saturated fatty acids of chain length less than C14: maximum

0.1 per cent;
- myristic acid: maximum 0.2 per cent;
- palmitic acid: 9.0 per cent to 13.0 per cent;
- palmitoleic acid: maximum 0.3 per cent;
- stearic acid: 2.5 per cent to 5.0 per cent;
- oleic acidand isomer: 17.0 per cent to 30.0 per cent;
- linoleic acid: 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 acid: maximum 1.0 per cent;
- behenic acid: maximum 1.0 per cent.

Brassicasterol (2.4.23)
Maximum 0.3 per cent in the sterol fraction of the oil.

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.
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11-972 Spectinornycin Dihydrochloride Pentahydrate 2020

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method 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.

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
anomers, 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 suitability 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 (c) Dilute 3.0 mL of reference solution (b)
to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mID;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 um);
- temperature: ambient and constant.

Mobilephase Dissolve 4.2 g of oxalic acidRand 2.0 mL of
heptafluorobutyric acidR in waterR and dilute to 1000 mL
with waterR; adjust to pH 3.2 with sodium hydroxide
solution R, add 105 mL of acetonitrile R and mix; filter
through a 0.45 urn filter and degas with helium for
chromatography R for 10 min.

Flow rate 1.0 mUmin.

Post-column solution carbonate-free sodium hydroxide solution R
diluted with carbon dioxide-free waterR to obtain a final
concentration of NaOH of 21 gIL. Degas the solution with
heliumfor chromatography R for 10 min before use. Add it
pulse-less to the column effluent using a 375 J.LL polymeric
mixing coil.

Post-column flow rate 0.5 mUmin.
Detection Pulsed amperometric detection or equivalent with
a gold indicator electrode having preferably a diameter of
l.4mm 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 precision wipe prior to start-up of the
system to enhance the detector sensitivity and increase the
signal-to-noise ratio.

Injection 20 J.LL.
Run time 1.5 times the retention time of spectinomycin.

Identification of impurities Use the chromatogram supplied
with spectinomycin for system suitability 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 = 11 min to 20 min): impurity A = about 0.5;
impurity F = about 0.53; impurity G = about 0.6;
impurity D = about 0.7; impurity E =about 0.9; (4R)
dihydrospectinomycin = about 1.3; impurity C = about 1.4.

System suitab-iHry Reference solution (a):
- resolution: minimum 1.5 between the 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;
- impurities A, C, F, 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);

- atryotherimpurity: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (1.0 per cent);

- total: not more than 6 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(6.0 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained with 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 intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins. Prepare
the solutions using a 0.42 per cent mlm solution of sodium
hydrogen carbonate 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 in waterR 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 phase.

Reference solution Dissolve 40.0 mg of spectinomycin
hydrochloride CRS (containing (4R)-dihydrospectinomycin) in
waterR and dilute to 50.0 mL with the same solvent. Allow
to stand for the same period of time as the test solution
(formation of anomers). Dilute 5.0mL of this solution to
50.0 mL with the mobile phase.

System suitability:
- repeatability: maximum relative standard deviation of

3.0 per cent for the principal peak after 6 injections of the
reference solution.

Calculate the sum of the percentage contents of
speetinomycin dihydrochloride and (4R)
dihydrospectinomycin dihydrochloride from the declared
contents of C14Hz6ClzNz07 and C14HzsClzNz07 in
spectinomycin hydrochloride CRS.

STORAGE
In an airtight container. If the substance is sterile, store in a
sterile, airtight, tamper-proof container.

IMPURITIES
Specified impurities A, C, D, E, F, G.
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 thegeneral acceptance
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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 forpharmaceutical use) B.

A. 1,3-dideoxy-1 ,3-bis(methylamino)-myo-inositol
(actinamine),

andepimerat C*

B. (2S,3RS,5R)-3-hydroxy-5-methyl-2-[[(1r,2R,3S,4r,5R, 6S)
2,4,6-trihydroxy-3,5-bis (methylamino) cyc1ohexyl]
oxy]tetrahydrofuran-3-carboxylic acid (actinospectinoic
acid),

OH
H : H H

H3C.... NXJ·! O~ ....CH3

HO 0 <, ····H
H OH 'OH

HN..... H
CH3

C. (2R,4SAaS,5aR,6S,7S,8R, 9S,9aR, 10aS)-2-methyl-6,8-bis
(methylamino)decahydro-2H-pyrano[2,3-b] [1,4]
benzodioxine-k-la,7,9-tetrol ((4S)-dihydrospectinomycin),

D. (2R,3RASAaS,5aR,6S,7S,8R, 9S,9aR,1oas)-2-methyl-6,8
bis(methylamino)decahydro-2H-pyrano[2,3-b] [1,4]
benzodioxine-3,4,4a,7,9-pentol (dihydroxyspectinomycin),

E. (2R,4aR,5aR,6S, 7R,8R, 9S,9aR, 1OaS)-6-amino-4a,7,9
trihydroxy-2-methyl-8-(methylamino)decahydro-4H
pyrano[2,3-b] [1,4]benzodioxin-4-one (N
desmethylspectinomycin) ,

Spirapril Hydrochloride Monohydrate 11-973

F. (2S,4S, 6R)-4-hydroxy-6-methyl-2-[[(1r,2R,3S,4r,5R,6S)
2,4,6-trihydroxy-3, 5-bis(methylamino)cyc1ohexyl]
oxy]dihydro-2H-pyran-3(4H)-one (triol spectinomycin),

G. (2R,3S,4aR,5aR,6S,7S,8R,9S,9aR,10aS)-3,4a,7,9
tetrahydroxy-2-methyl-6,8-bis(methylamino)decahydro
4H-pyrano [2,3-b] [1,4]benzodioxin-4-one
(tetrahydroxyspectinomycin) .

___________________ PhEur

Spirapril Hydrochloride
Monohydrate
(Ph. Bur. monograph 1766)

521.1

Action and use
Angiotensin-converting enzyme inhibitor.

PhEur --'- _

DEFINITION
(8S)-7-[(2S)-2-[[(IS)-1-(Ethoxycarbonyl)-3
phenylpropyl] amino] propanoyl] -1,4-dithia-7-azaspiro[4.4]
nonane-8-carboxylic acid hydrochloride monohydrate.

Content
97.0 per cent to 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 hydrochloride monohydrate CRS.

C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Specific optical rotation (2.2.7)
-13.0 to -11.0 (anhydrous substance).
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11-974 Spirapril Hydrochloride Monohydrate

Dissolve 0.200 g in dimethyljomzamide R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile si, waterR (20:80 VIV').

Testsolution 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 6 mg of spirapril for system
suitability 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 (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with the solvent mixture.
Column:
- size: 1= 0.125 m, 0 =4.6 rnm;
- stationary phase:octadecylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 70 "C.

Mobile phase:
- mobile phase A: dissolve 4.5 g of tetramethylammonium

hydroxide R in 900 mL of waterR, add 100 mL of
acetonitrile Rl and adjust to pH 2.2 with phosphoric acidR;

- mobile phase B: dissolve 4.5 g of tetramethylammonium
hydroxide R in 400 mL of waterR, add 600 mL of
acetonitrile Rl and adjust to pH 2.2 with phosphoric acidR;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VJll)

0-4 90 10

4 -14 90 --> 10 10 - 90
14 - 20 10 90

Flow rate 2.0 mUmin.
Detection Spectrophotometer at 210 nm.

Injection 20 ~L.

Relative retention With reference to spirapril (retention
time = about 10 min): impurity e = about 0.6;
impurity B = about 0.7; impurity A = about 1.26;
impurity D = about 1.38.

System 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:
- impurity 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);

- impurity 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 J 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 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);

2020

- 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.

ASSAY
Liquid chromatography (2.2.29).

Solventmixture Mix equal volumes of acetonitrile Rl and
waterR.

Testsolution Dissolve 20.0 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 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 Band
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 water R, adjust to pH 1.75 with
phosphoric acidR and add 100 mL of acetonitrile Rl.
Solution B Dissolve 4.5 g of tetramethylammonium
hydroxide R in 400 mL of waterR, adjust to pH 1.75 with
phosphoric acid R and add 600 mL of acetonitrile Rl.
Column:
- size: 1= 0.125 m, 0 = 4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 um);
- temperature: 70 "C.

Mobile phase Solution A, solution B (45:55 V/V).
Flow rate 2.0 mUmin.
Detection Spectrophotometer at 210 nm.

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 mobile phase if necessary.

System suitability Reference solution (b):
- resolution: minimum 15 between the peaks due to spirapril

and impurity D.

Calculate the percentage content of CZZH31CINzOsSz 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 impurities A J BJ CJ D.
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2020 Spironolactone 11-975

____________________ PhEur

PhBr _

DEFINITION
S-[(2'R)-3,5'-Dioxo-3',4'-dihydro-5'H-spiro[androst-4-ene
17,2'-furan]-7ct-yl] ethanethioate.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white powder.

Solubility
Practically insoluble in water, soluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A.

Secondidentification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison spironolactone CRS.

IT the spectra obtained in the solid state shows differences,
dissolve the 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
methylenechloride R and dilute to 10 mL with the same
solvent.

Plate TLC silica gelF254 plateR.

Mobilephase water R, cyclohexane R, ethylacetate R
(1:24:75 V/V/V).

Application 5 j.tL.
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 obtained with the
reference solution.

C. To about 10 mg add 2 mL of a 50 per cent V/V solution
of sulfuric acidR and shake. An orange solution with an
intense yellowish-green fluorescence is produced. Heat the
solution gently; the colour becomes deep red and hydrogen
sulfide, which blackens leadacetate paperR, is evolved.
Add the solution to 10 mL of waterR; a greenish-yellow
solution is produced, showing opalescence or a precipitate.

TESTS
SPecific optical rotation (2.2. 7)
-46 to -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 the solutions
immediately before use.

Solvent mixture acetonitrile R, waterR (50:50 V/li').

Test solution (aJ Dissolve 50.0 mg of the substance to be
examined in 2.5 mL of tetrahydrofuran R and dilute to
25.0 mL with the solvent mixture.

52-01-7416.6

H3C <r"

JiftPH3: H : '

O

H H
° ..-P "8

~~CH3

(Ph. Bur. monograph 0688)

C. (2S)-2-[[(IS)-I-(ethoxycarbonyl)-3-phenylpropyl]amino]
propanoic acid,

D. I-methylethyl (8S)-7-[(2S)-2-[[(IS)-I-(ethoxycarbonyl)-3
phenylpropyl] amino] propanoyl]-I ,4-dithia-7-azaspiro [4.4]
nonane-8-carboxylate.

Action and use
Aldosterone receptor antagonist; potassium-sparing diuretic.

Preparations
Spironolactone Oral Suspension

Spironolactone Tablets

B. (8S)-7-[(2S)-2·{f{IS)-I-carboxy-3-phenylpropyl]amino]
propanoyl]-I ,4-dithia-7-azaspiro [4.4]nonane-8-carboxylic
acid (spiraprilat),

Spironolactone

A. ethyl (2S)-2-[(3'S,8'aS)-3'-methyl-I',4'
dioxohexahydrospiro [1,3-dithiolane-2,7'(6'H)-pyrrolo [1,2
a]pyrazin] -2'-yl]-4-phenylbutanoate,
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11-976 Spironolactone

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 solvent mixture.

Reference solution (b) Dissolve with the aid of ultrasound the
contents of a vial of spironolactone for system suitability CRS
(containing impurities A, C, D, E and I) in 1.0 mL of the
solvent mixture.

Reference solution (c) Dissolve 50.0 mg of spironolactone CRS
in 2.5 mL of tetrahydrofuran R and dilute to 25.0 mL with
the solvent mixture. Dilute 1.0 mL of this solution to
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 with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 1JlI1);
- temperature: 40 "C.

Mobile phase acetonitrile R, tetrahydrofuran R, methanol R1,
waterfor chromatography R (15:20:425:540 V/V/V/V).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 20 ul, 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 obtained with reference solution (b) to
identify the peaks due to impurities A, C, D, E and I; use
the chromatogram obtained with reference solution (d) to
identify the peak due to impurity F.

Relative retention With reference to spironolactone (retention
time = about 26 min): impurity A = about 0.95;
impurity F =about 1.2; impurity C =about 1.5;
impurity D =about 1.6; impurity E =about 1.7;
impurity I =about 1.9.

Systemsuitability Reference solution (b):
- peak-to-valley ratio: minimum 1.5, 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
spironolactone.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity F by 2.3;
- impurityI: not more than 5 times the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.5 per cent);

- impurities E, F: 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);

- impurities A, 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);

- impurity 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 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);

2020

- 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).

Free thiol compounds
To 2.0 g add 20 mL of waterR, shake for 1 min and filter.
To 10 mL of the filtrate add 0.05 mL of 0.01 M iodine and
0.1 mL of starch solution R and mix. A blue colour develops.

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
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 CZ.JI3Z04S from the
assigned content of spironolactone CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, C, D, E, F, 1.

Other detectable impurities (thefollowing 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 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 pharmaceutical use) B, G, H.

A. S-[(2'R)-3,5/-dioxo-5'H-spiro[androst-4-ene-17,2/-furan]
7o-yl] ethanethioate (~20-spironolactone),

B. 3-[(2/R)"'-4-bromo-3,5/-dioxo-3/,4/-dihydro-5'H-spiro
[androst-4-ene-17,2/ -furan]-7«-yl] ethanethioate
(4-bromospironolactone),

www.webofpharma.com
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c. (2'R)-3',4'-dihydro-5'H-spiro[androst-4-ene-17,2'-furan]
3,5'-dione (aldone),

D. S-[(2'R)-3,5'-dioxo-3',4'-dihydro-5'H-spiro[androst-4
ene-17,2'-furan}·7a.-yl] ethane(dithioperoxate) (disulfanyl
spironolactone);

Products with Risk of
Transmitting Agents of Animal
Spongiform Encephalopathies
(Ph. Bur. monograph 1483)

____________________ PhEur

1. S-[17a.-(ethoxymethyl)-17~-hydroxy-3-oxoandrost-4-en

7a.-yl] ethanethioate.

o

E. S-[(2'R)-3,5'-dioxo-3',4'-dihydro-5'H-spiro[androst-4
ene-17,2'-furan]-7~-yl] ethanethioate (7~-spironolactone),

PhEur _

DEFINITION
Products with risk of transmitting agents of animal
spongifonn encephalopathies are those derived from tissues
or secretions of animals susceptible to transmissible
spongifonn encephalopathies other than by experimental
challenge. This monograph applies to all substances or
preparations obtained from such animals and to all
substances or preparations where products obtained from
such animals are included as active substances 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
transmitting animal spongiform encephalophathy agents via
human and veterinary medicinal products.
____________________ PhEur

F. (2'R)-3',4'-dihydro-5'H-spiro[androst-4,6-diene-17,2'
furan]-3,5'-dione (canrenone),

Squalane
(ph. Bur. monograph 1630)

PhEur _

DEFINITION
2,6,10,15,19,23-Hexamethyltetracosane (perhydrosqualene).
It may be of vegetable (unsaponifiable matter of olive oil),
animal (shark liver oil) or synthetic origin.

Content
96.0 per cent to 103.0 per cent.

G. S- [(2'R)-6~-hydroxy-3,5'-dioxo-3',4'-dihydro-5'H-spiro
[androst-4-ene-17,2'-furan]-7a.-yl] ethanethioate (6~

hydroxy-spironolactone),

H. (2'S)-spiro [androst-4,6-diene-17,2'-oxiran]-3-one,

Action and use
Excipient; emollient.

422.8 111-01-3
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Figure 1630.-1. - Chromatogram of squalane of animalorigin

CHARACTERS
Appearance
Clear} colourless} oily liquid.

Solubility
Practically insoluble in water} miscible with most fats and
oils} freely soluble in acetone and in cyclohexane, practically
insoluble in ethanol (96 per cent).

Relative density
About 0.815.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison squalane CRS.
B. Refractive index (see Tests).

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
reference solution (a).

The chromatogram obtained with squalane of animal origin
does not show a peak due to cyclosqualane and does not

2. squalane

show a peak with a relative retention of 1.1 with reference to
squalane (Figure 1630.-1).

The' chromatogram obtained with squalane of vegetable
origin shows a peak due to cyclosqualane (Figure 1630.-2).

The chromatogram obtained with squalane of synthetic
origin shows a peak with a relative retention of 1.1 with
reference to squalane (Figure 1630.-3).

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} MethodA)
Maximum 4.0.

Saponification value (2.5.6)
Maximum 3.0.

Nickel (2.4.31)
Maximum 1 ppm.
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PhEur _

____________________ PhEur

DEFINITION
Content
98.0 per cent to 102.0 per cent.

Detection Flame ionisation.

Injection 1 ilL.

Relativeretention With reference to squalane (retention
time =about 41 min): internal standard =about 0.2; methyl
erucate = about 0.9; cyclosqualane = 1.05.

System suitabz1ity Reference solution (b):
- resolution: minimum 5 between the peaks due to methyl

erucate and squalane.

Calculate the percentage content of squalane taking into
account the assigned content of squalane CRS.

LABELLING
The label states the origin of squalane (vegetable, animal or
synthetic).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals, efflorescent in air.

Solubility
Freely soluble in water (the solution becomes cloudy after
standing or on dilution), freely soluble in ethanol
(96 per cent). It dissolves in dilute hydrochloric acid.

IDENTIFICATION
A. To 1 mL of solution 81 (see Tests) add 5 mL of waterR
and 0.05 mL of mercuric chloride solution R. A blackish-grey
precipitate is formed.
B. Dissolve 1.0 gin 3.0 mL of waterR. Add 0.5 mL of dilute
sodium hydroxide solution R to the cloudy solution; a yellowish
flocculent precipitate is formed. Add 6.5 mL of water R.
To 1.0 mL of the previously shaken suspension add 1.0 mL
of strong sodium hydroxide solution R; the precipitate dissolves
and the resulting solution is clear and colourless.

C. Dissolve 10 mg in 2 mL of dilute nitric acid R.
The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S1
To 0.40 g add 1 mL of dilute hydrochloric acidR and dilute to
20 mL with distilled water R.

Solution 82
Dissolve 1.0 g in dilute hydrochloric acidR 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 AI) to
the mixture. Add 10 mL of thioacetamide solution R and boil.
Repeat the series of operations from "Take 5 mL" until a
precipitate is no longer formed on addition of thioacetamide
solution R to the filtrate obtained from the 5 mL of
solution A (solution AI, solution A", etc. respectively). If no
precipitate is formed or if no more precipitate is formed
combine the solution obtained with the remainder of
solution A (solution AI, solution A", etc. respectively), filter
and wash the precipitate with 10 mL of water R. Heat the
filtrate until the resulting vapour no longer turns a moistened
piece of leadacetate paper R blackish-grey. Allow to cool and
dilute to 50 mL with water R.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2)
Method II).
Dissolve 10.0 g in dilute hydrochloric acidR and dilute to
20 mL with the same acid.

Substances not precipitated by thioacetamide
Maximum 0.2 per cent.
Evaporate 25 mL of solution 82 to dryness and ignite at
600 ± 50°C. The residue weighs a maximum of 1 mg.

Sulfates (2.4.13)
Maximum 500 ppm, determined on solution 81.

Iron (2.4.9)
Maximum 100 ppm.
Dilute 5 mL of solution 82 to 10 mL with water R.

ASSAY
Dissolve 0.100 gin 50 mL of waterR, freed from oxygen by
purging with carbon dioxide or nitrogen for 15 min.
Add 1.5 mL of hydrochloric acid R1, 5 g of sodium potassium
tartrate R, 109 of sodium hydrogen carbonate Rand 1 mL of

10025-69-1

60 - 290

290

275
300

Temperature
("C)

Time
(min)

0-39

39 - 50

Stannous Chloride Dihydrate
(Ph. Bur. monograph 1266)

8nClz,2HzO 225.6

Injection port

Detector

Column

Total ash (2.4.16)
Maximum 0.5 per cent, determined on 1.000 g.

ASSAY
Gas chromatography (2.2.28).

Internal standard solution To 1.0 mL of dimethylacetamide R
(DMA), add 100.0 mL of heptane R.

Test solution Dissolve 0.100 g of the substance to be
examined in the internal standard solution and dilute to
25.0 mL with the same solution.

Reference solution (a) Dissolve 0.100 g of squalane CRS in
the internal standard solution and dilute to 25.0 mL with the
same solution.

Reference solution (b) To 0.1 mL of methylerucate R add
0.100 g of the substance to be examined, dissolve in the
internal standard solution and dilute to 25.0 mL with the
same solution.

Column:
- material: fused silica;
- size: 1= 30 m, (2) = 0.32 mm;
- stationary phase: poly(dimethyl)sz1oxane R (film thickness

1 JlIl1).

Carrier gas helium for chromatography R.

Flow rate 1.7 mIJmin.

Split ratio 1:12.
Temperature:
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____________________ PhEur

Solvent mixture methanol R1, methylene chloride R
(10:90 VIV).

Testsolution. 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 stanozolol impurity A CRS and 2.0 mg of stanozolol
impurity B CRS in 1.0 mL of the solvent mixture. Dilute
0.1 mL of the solution to 2.0 mL with the solvent mixture.

Plate TLC silica gelplate R.

Mobz7e phase glacial acetic acidR, ethylacetate R,
cyclohexane R (2:48:50 VIVIV).

Application 10 J.LL.
Development Over 3/4 of the plate.

Drying In air.

Detection Spray with vanillin reagent R and heat at 120 DC.
System suitability Reference solution:
- the chromatogram shows 3 clearly separated spots, due to

stanozolol, impurity A and impurity B, in order of
increasing Rp value.

Limits:
- impurity 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).

Test solution DIssolve 15.0 mg of the substance to be
examined in methanol R and dilute to 5.0 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 1 mg of stanozolol CRS and
1 mg of stanozolol impurity B CRS in methanol R and dilute to
20.0 mL with the same solvent.

Reference solution (c) Dissolve 15.0 mg of stanozolol CRS in
methanol R and dilute to 5.0 mL with the same solvent.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn),

Mobile phase 1 gIL solution of sodium dihydrogen phosphate R
adjusted to pH 3.0 with phosphoric acidR, methanol R
(30:70 VIV).

Flow rate 1.5 mLlmin.

Detection Spectrophotometer at 228 nm.

Injection 25 ul, of the test solution and reference
solutions (a) and (b).

Run time 3 times the retention time of stanozolol.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity B.

Relativeretention With reference to stanozolol (retention
time = about 12 min): impurity B = about 1.3.

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

stanozolol and impurity B.

10418-03-8328.5

DEFINITION
17-Methyl-2'H-5cx-androst-2-eno[3,2-c]pyrazol-17~-ol.

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

CHARACTERS
Appearance
White or almost white, 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.

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 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 the following modification.

Injection Test solution and reference solution (c).

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).

TESTS
Specific optical rotation (2.2. 7)
+ 37 to + 41 (dried substance).

Dissolve 60.0 mg in methanol R and dilute to 20.0 mL with
the same solvent.

Impurities A and B
Thin-layer chromatography (2.2.27).

PhEur _

(ph~ Bur. monograph 1568)

Action and use
Anabolic steroid; androgen.

Stanololol

starch solution R. Titrate immediately with 0.05 lVI iodine.
Carry out a blank titration.

1 mL of 0.05 M iodine is equivalent to 11.28 mg
of SnClz,2HzO.

STORAGE
In an airtight container.
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(ph. Bur. monograph 1785)

Hydroxyethyl Starches

9005-27-0[CJIlO05(CzH40)x]n with x =molar substitution
PhEur _

R =-[CH2CH20Jn'H (n' =0, 1, 2... )

R1 =-[CH2CH20]n"H (n" =0 or1) orglucose

RO

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
groups per anhydroglucoseunit expressed as the molar
substitution (MS). Hydroxyethyl starch is also characterised
by the number of hydroxyethyl groups located at the
CZ group over the number of hydroxyethyl groups located at
C6, expressed as the CZ/C6 ratio. The parameters Mw, MS
and CZ/C6 ratio are determined by the reaction conditions of
the production.

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.

Solubility
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 identification: A, C.

Secondidentification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison mediumMw hydroxyethyl starch CRS.

Results The spectrum obtained shows the same absorption
bands as the spectrum obtained with mediumMw
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 0.05 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.

xf8f>
CH

3 ~~CH3
HO"" CH3: H :

H H
o :

H

A. 17~-hydroxy-17-methyl-Sc-androstan-3-one
(mestanolone),

B. 17~-hydroxy-2-(hydroxymethylene)-17-methyl-5et.

androstan-3-one (oxymetholone).

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 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 1.0 per cent, determined on 1.000 g by drying at
105 DC at a pressure not exceeding 0.7 kPa.

ASSAY
Dissolve 0.250 gin 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 perchloric acid is equivalent to 32.85 mg of
CZIH3ZNzO.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B.

_______________. PhEur

•
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Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1).

pH (2.2.3)
4.5 to 7.0.

To 25 mL of solution S, add 0.2 mL of a saturated solution
of potassium chloride R.

Absorbance (2.2.25)
Maximum 0.025, determined at 400 nm on solution S
filtered through a 0.2 umfilter.

Molecular weight (Mw) and molecular weight
distribution
Size-exclusion chromatography (2.2.30).

Buffer solution Dissolve 54.34 g of sodium acetate R in
waterR, add 100.0 mL of glacial acetic acidR and dilute to
1000.0 mL with waterR..

Test stocksolution Dissolve 2.0 g of the substance to be
examined (dried substance) in waterR and dilute to 50 mL
with the same solv~nt. Add 10.0 mL of the buffer solution
and dilute to 100.Q)nL with waterR.
Reference solution (a;) To prepare reference solution (a):
- if the nominal Mw of the substance to be examined is

below 300 OOO,:use medium Mw hydroxyethyl starch CRS;
- if the nominal Mw of the substance to be examined is

above 300 000, use highMw hydroxyethyl starch CRS.
Dissolve 0.4 g of medium Mw hydroxyethyl starch CRS or high
Mw hydroxyethyl starch CRS in 10 mL of waterR.
Add 2.0 111L of the buffer solution and dilute to 20.0 mL
with waterR.

Reference solution (b) Dilute 10.0 mL of reference
solution (a) to 20.0 mL with the mobile phase.

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 polymethacrylate gelR;
- 4 columns to be connected in series:

Length Internal diameter Particle size Pore size
inm inmm inlJ.lD. innm

0.30 7.5 17 > 100
0.30 7.5 17 100
0.30 7.5 10 20
0.30 7.5 10 12.5

Mobilephase Dilute 100.0 mL of the buffer solution to
1000 mL with waterfor chromatography R.
Flow rate 0.5-1.0 mlJmin.

Detection Multiple-angle light scattering (MALS) detector
and refractometer maintained at a constant temperature,
connected in series.

Injection volume 50 J..lL.
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 Mw 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

Hydroxyethyl Starches 11-983

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.

Systemsuitability:
- meanMw: within 5 per cent of the value assigned to the

medium Mw hydroxyethyl starch CRS or highMw
.hydroxyethyl starch CRS.

Ifnecessary, 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.

LowMw MediumMw HighMw
2000 - 100 000 100000 - 300 000 300 000 - 900 000

Determined Mw = nominal Mw ± 15 per cent

Mwat 10 per cent
Mwat 10 per cent Mw at 10 per cent

lowest fraction
lowest fraction lowest fraction> 10 per cent of > 15000 > 15000

nominalMw

Mw at 10 per cent Mw at 10 per cent Mw at 10 per cent
highest fraction highest fraction highest fraction

< 300 per cent of < 300 per cent of < 500 per cent of
nominalMw nominalMw nominalMw

C2/C6 ratio
Gas chromatography (2.2.28).

Solution A Mix equal volumes of dilute sulfuric acidRand
waterR.
Testsolution 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 JlITI). 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(trimethylsilyl)acetamide Rand 25 J,.tL of
chlorotrimethylsilane 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 autos ampler and perform 3 injections from
each vial. Prepare in duplicate.

Reference solution Prepare as prescribed for the test solution
but using mediumMw hydroxyethyl starch CRS instead of the
substance to be examined.

Column:
- size: 1= 15 m, 0 = 0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (:film thickness

0.25 urn).
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Carrier gas hydrogen for chromatography R at a constant
pressure of 69 kPa.

Split ratio 1:20.

Al area of the peak due to derivatised product 1;
A2 area of the peak due to derivatised product 2;
A3 area of the peak due to derivatised product 3;
A4 area of the peak due to 2-0-hydroxyethyl-et-o-glucose;
As area of the peak due to 2-0-hydroxyethyl-l3-o-glucose;
A6 area of the peak due to 6-D-hydroxyethyl-ct-o-glucose;
A7 . area of the peak due to 6-D-hydroxyethyl-l3-o-glucose.

Detection Flame ionisation.

Injection 1 ilL.

Identification of peaks Use the chromatogram supplied with
medium Mw hydroxyethyl starch CRS and the chromatogram
obtained with the reference solution to identify the peaks due
to derivatised product 1, derivatised product 2, derivatised
product 3, 2-0-hydroxyethyl-a-D-glucose, 6-0-hydroxyethyl
a-D-glucose, 2-0-hydroxyethyl-~-D-glucose and 6-0
hydroxyethyl-Bsn-glucose.

System suitabz1ity Reference solution:
- resolution: minimum 1.5 between the peaks due to 2-0

hydroxyethyl-f-n-glucose arid 6-0-hydroxyethyl-~-D
glucose;

- symmetry factor: 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 1 after 3 injections.

Calculsse the C2/C6 ratio using the following expression:

Al +Az +A3 +A4 +As
A6+A7

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 substitution (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 7 vials of 5 mL, introduce
about 0.10-0.15 g of adipic acid R. To each vial add 1.0 mL
of the internal standard solution and 2.0 mL of hydriodic
acidR. Tightly seal and cap the vials with a septum and an
aluminium, centre tear-off seal. Weigh the vials with an
accuracy of 0.01 mg. Introduce respectively 10 mg, 20 mg,
30 mg, 40 mg, 50 mg, 60 mg and 70 mg of iodoethane R

50

50 -+ 230

230

200

280

Temperature
("C)

Time
(min)

44.05 x T x 100
155.97 x m

0-4

4 -16

16 - 20

mass of the substance to be examined, in milligrams;
molecular mass of ethylene oxide;
molecular mass of iodoethane.

m
44.05
155.97

Iniection port

Detector

Column

A ratio of the area of the peak due to iodoethane to the area of
the peak due to the internal standard in the chromatogram
obtained with the test solution;

B y-intercept of the curve;
M slope of the curve.

A-B
M

Then calculate the percentage content of ethylene oxide (C)
using the following expression:

Detection Flame ionisation.
Injection volume 1 IlL; inject each solution twice.

Relativeretention With reference to toluene (retention
time = about 7.5 min): iodoethane = about 0.5.

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 the peak due 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 R2

is not less than 0.990.
Results Calculate the quantity (T) of iodoethane in
milligrams present in the test solution using the following
expression:

with a 100 J.L1. syringe piercing the septa carefully. Weigh the
vials again with an accuracy of 0.01 mg and calculate the
exact amount of iodoethane R added.
Determine the 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 to 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 IlL of
the upper layer. Introduce in an autosampler vial and dilute
with 1.0 ml, of xylene R. Seal immediately the vials and
shortly shake.

Column:
- material: fused silica;
- size: 1= 30 m, 0= 0.53 rom;
- stationary phase: poZy[(cyanopropyl) (phenyl)J[dimethyl]

siloxane R (film thickness 3. J.Lm).

Carrier gas helium for chromatography R.

Flow rate 8 mIJmin.
Split ratio 1:20.

150

150 -+ 270

270

250

300

Temperature
eC)

Time
(min)

0-1

1 - 25

25 - 28

Injection port

Detector

Column
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Detection Flame ionisation.

Injection 1 JlL.
System suitability Reference solution:
- signal-to-noise ratio: minimum 10 for the peak due to

2-chloroethanol;
- repeatability: maximum relative standard deviation of

10.0 per cent after 6 injections.

Limit:
- 2-chloroethanol: calculate the ratio (R) of the area of the

peak due to 2-chloroethanol to the area of the peak due
to the internal standard from the chromatogram obtained
with the reference solution; calculate the ratio of the area
of the peak due 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).

Internalstandardsolution Dissolve 0.250 g of
2,6-dimethylaniline 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 to 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 this solution add
0.8 mL of the internal standard solution.

Precolumn:
- material: fused silica;
- size: l =10 m, 0 = 0.53 rnm;
- stationary phase: polar-deactivated polyethyleneglycol R.

Column:
- material: fused silica;
- size: l = 30 m, 0 = 0.32 rnm;
- stationary phase: macrogol 20000 R (film thickness

0.25 J.lIIl).

Carrier gas hydrogen for chromatography R.

Flow rate 2.9 mUmin.

Split program:

Then calculate the MS using the following expression:

Cx 162.14
(100 - C) x 44.05

162.14 molecular mass of anhydroglucose;
44.05 molecular mass of ethylene oxide.

Calculate the mean MS 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 water R and dilute to 50.0 mL with the
same solvent.

Reference solution Dissolve 0.800 g of ethylene glycol R in
waterR and dilute to 100.0 mL with the same solvent. Dilute
2.0 mL of the solution to 200.0 mL with waterR. Dilute
2.0 mL of this solution to 200.0 mL with waterR.

Precolumn:
- size: l =0.01 m, 0 =4.0 mm;
- stationary phase: ~ctadecylsilyl silica gelfor chromatography

compatible with 100 per cent aqueous mobile phases R (5 um),

Column:
- size: l =0.25 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography

compatible with 100 per cent aqueous mobile phases R (5 urn);
- temperature: 30°C.

Mobilephase waterfor chromatography R.

Flow rate 1.0 mIJmin.

Post-column solution Dilute 750 mL of 2 M sodium
hydroxide R to 1000 mL with waterfor chromatography R.

Flow rate of post-column solution 0.2 mllmin.

Detection Pulsed amperometric detector.

Injection 20 j.tL.

Run time 2.5 times the retention time of ethylene glycol.

Retention time Ethylene glycol = about 4 min.
System suitability Reference solution:
- signal-to-noise ratio: minimum 10 for the principal peak;
- repeatability: maximum relative.standard deviation of

10.0 per cent 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 Mobile phase Rinsing solution
(min) (per cent Viii') (per cent Viii')

0-15 75 25

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 peak in the chromatogram obtained with
the reference solution (40 ppm).

2-Chloroethanol
Gas chromatography (2.2.28).

Solvent mixture methanolR, acetonitrile R (25:75 V/V).

Time
(min)

initial

0.01

0.50

Temperature:

Column

Injection port

Detector

Split state

on

off

on

Time
(min)

0-4

4 - 23.5

23.5 - 28.5

Split ratio

1:20

1:20

1:20

Temperature
CC)
45

45 -+ 240

240

250

270
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Detection Flame ionisation.

Injection Inject a suitable volume of the gaseous phase of
the test solution and reference solution (b).

System suitability:
- signal-to-noise ratio: minimum 10 for the peak due to

ethylene oxide in the chromatogram obtained with
reference solution (b).

Limit:
- ethylene oxide: not more than 0.5 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (I ppm).

Sodium chloride
Maximum 0.1 per cent.

Test solution 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 dilute nitric acidRand 5.0 mL of a 9 gIL
solution of sodium chloride R.
Reference 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 nitric acidR.
Carry' out a potentiometric titration (2.2.20) with 0.1 M silver
nitrate. Calculate the percentage content of sodium chloride
using the following expression:

Testsolution Dissolve 1.0 g of the substance to be examined
in 1.0 mL of waterR. Close the vial tightly. Prepare in
duplicate.

Reference stock solution Introduce 80 mL of waterR 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 oxide R. Determine the precise
quantity of ethylene oxide by differential weighing. Dilute to
100.0 mL with waterR. Store in the refrigerator and use
within 4 weeks.

Reference solution (a) Dilute 1.0 mL of the reference stock
solution to 100.0 mL with waterR. Dilute 1.0 mL of this
solution to 100.0 mL with waterR. Use within 24 h.

Reference solution (b) Dissolve 1.0g 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: l = 30 m, (2) =0.32 rom;
- stationary phase: poly{(cyanopropyl) (phenyl)J{dimethyl]

siloxane R (film thickness 1.5 urn).

Carnergas helium for chromatography R at a pressure of
110.3 kPa.

Split ratio 1:35.

Static head-space conditions which may beused:
- equilibration temperature: 80 "C;
- equilibration time: 40 min;
- transfer-line temperature: 150°C;
- pressurisation time: 2.0 min;
- injection time: 3 s.

Temperature:

Column

Injection port

Detector

Time
(min)

0-20

20 - 30

30 - 40

Temperature
eC)
40

40 --+ 240

240

140

250

(nl - nz) x 5.844 x 100
m

n1 volume of 0.1 M silver nitrate used for the test solution, in
millilitres;

n2 volume of 0.1 M silver nitrate used for the reference solution, in
millilitres;

m mass of the substance to be examined in the test solution, in
milligrams.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.000 g by drying at
105°C.

Bacterial endotoxins (2.6.14)
Less than 2.5 ill/g.

Microbial contamination
TAM.C: acceptance criterion 102 CFU/g (2.6.12).

LABELLING
The label states the mean molecular weight, molar
substitution and C2/C6 ratio (nominal values).
_____________________ PhEur

Hydroxypropyl Starch
(Ph. Bur. monograph 2165)

9049-76-7
PhEur _

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 be partially
hydrolysed using acids or enzymes to obtain 'thinned starch'
with reduced viscosity.

Content
- hydroxypropyl groups: 0.5 per cent to 7..0 per cent.

PRODUCTION
The production of hydroxypropyl starch shall be in
compliance with the requirements of the European legislation
for food additives.

Mixing of starches from different botanical sources prior to
chemical modification 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.

- Maize-based hydroxypropyl starch: 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 ).lm; the central hilum consists of a distinct
cavity or 2-to-5-rayed cleft and there are no concentric
striations; between orthogonally orientated polarising •
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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 J.lII1 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 urn 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 orprisms, the starch granules show a distinct

~... black cross iritersecting at the hilum.
.~ Rice-based hydroxypropyl starch: it presents polyhedral,

simple granules 1-10 urn, mostly 4-6 urn, in size; these
simple granules often gather in ellipsoidal, compound
granules 50-100 urn 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 urn in size, sometimes
irregular or reniform; it also presents a minority of
small rounded granules, 5-8 um 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.

B. Suspend 1 g in 50 m.L 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 iodine solution R1. 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 dilute sulfuric acid R. Place the flask in a water
bath and heat until the sample is dissolved. Cool and dilute
to 100 mL with waterR. Introduce 1 mL of this solution into
a 25mL 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 tube in a boiling 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. Immediately shake well, and place the
tube in a water-bath at 25°C for 100 min. Dilute to 25 mL
with sulfuric 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 waterR for
60 s. Allow to stand for 15 min.

Hydroxypropyl Starch 11-987

Foreign matter
Examined under a microscope using a mixture of equal
volumes of glycerol R and waterR, 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 hydroxypropyl starch obtained from maize, potato,

cassava or rice: maximum 20 ppm.

Shake 1.0 g with 20 rnL of dilute hydrochloric acidR. Filter.
The filtrate complies with the. test for iron.
- For hydroxypropyl starch obtained fr~m pea: maximum

50 ppm.

Shake 1.0 g with 50 rnL of dilute hydrochloric acidR. 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.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 103 CFU/g (2.6.12).

TYMC: acceptance L::iterion 102 CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).

ASSAY
Nuclear magnetic resonance spectrometry (2.2.33).

Internal standard solution Disperse 50.0 mg of 3-m'methylsilyl
l-propanesulfonu: acid sodium salt CRS in about 5 g of
deuterium oxide Rl, weighed to the nearest 0.1 mg. Store in a
sealed bottle.

Testsolution Disperse 20 g of the substance to be examined
in 200.0 mL of carbon dioxide-free water R at room
temperature. Agitate for 15 min and filter. Repeat the
operation twice. If problems of poor dispersibility or slow
filtration are encountered, use cooled carbon dioxide-free
waterR for the washing operation. Dry the washed starch for
at least 4 h in an oven in vacuo at 30 ± 5°C. Determine the
moisture content (TV) 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 mm
NMR tube. Add 0.1 rnL of deuterium chloride solution R and
0.75 rnL of deuterium oxide Rl. Cap the tube, mix, and place
it in a boiling 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 minimum 300 MHz.

Acquisition of 1H NMR spectra The following parameters
may be used:
- sweep width: 8 ppm (-1.0 to + 7 ppm);
- irradiation frequency offset: none;
- time domain: 64 K at least;
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- pulsewidth: 90e
';

- pulse delay: lOs;
- dummy scans: 0;
- 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 z), and
of the methyl groups at 0 ppm of the internal standard (AI)
without l3C-satellites.

Results Measure the signal coming from the 3 protoris of
the methyl group in the hydroxypropyl function; calculate the
hydroxypropyl groups content as a percentage m/m (dried
substance) using the following expression:

3Az P WI x mI 100 100
-- x - x --- x 59 x - x ---
Al 100 218 m 100-W

3 numerical value representing the 3 methyl groups in the internal
standard;

A1 area of the methyl groups in the internal standard;
A2 area of the methyl groups of hydroxypropyl;
P percentage content of 3-trimethylsilyl-l-propanesulfonic acid

sodium salt CRS;
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;
218 molar mass of the 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 m/m.

LABELLING
The label states the botanical source of the starch and the
type of modification.
_____________________ PhEur

Pregelatinised Hydroxypropyl
Starch
(Ph. Bur. monograph 2645)
PhEur _

DEFINITION
Pregelatinised hydroxypropyl starch is prepared from Starch,
hydroxypropyl (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
- hydroxypropy! 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.

CHARACTERS
Appearance
White or slightly yellowish powder.

IDENfIFlCATION
A. It swells in cold water.

2020

B. Disperse 0.5 gin 2 mL of waterR, without heating, and
add 0.05 mL of iodine solution R1. A reddish-violet or 
greyish-blue colour is produced.

C. To 0.1 g add 12.5 mL of dilute sulfuric acidR. 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
sulfuric acidR. Mix well and place the tube in a boiling
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. Immediately shake well, and
place the tube in a water-bath at 25 DC for 100 min. Dilute
to 25 mL with sulfuric 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 chromatography (2.2.28).

Internal standard solution Mix 50.0 mg of propane-1,3-diol R
with anhydrous pyridine R and dilute to 100.0 mL with the
same solvent.

Test solution 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 under a reflux condenser for
20 min. Allow to cool. Transfer 1.0 mL of this solution to a
2 mL vial with a screw cap fitted with a septum. Add 0.1 mL
of chlorotrimethylsilane Rand 0.2 mL of
hexamethyldisilazane R. Close and mix. Allow to stand for
15 min.

Reference solution Mix 50.0 mg of propane-l.S-diolRand
50.0 mg of propylene glycol CRS (impurity A) with anhydrous
pyridine R and dilute to 100.0 mL with the same solvent.
Transfer 0.1 mL of the 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 pyridine R. Close and mix. Allow to
stand for 15 min.

Column:
- material: fused silica;
- size: l = 30 m, 0 = 0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 urn).

NOTE: the column must bedesorbed regularly. Conditions:
temperature program of 70 DC to 300 DC at a rateof 7 DC/min.
Maintain for 10 min at 300 DC.

Carrier gas helium for chromatography R.
Flow rate 3 mUmin.
Split ratio 1:30.

Temperature:
- column: 70 DC;
- injection port and detector: 250 DC.

Detection Flame ionisation.

Injection 1 ll1..
Relative retention With reference to the trimethylsilyl
derivative of propane-1,3-diol (retention time = about
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_____________________ PhEur

PhEur _

A. (2RS)-propane-1,2-diol (propylene glycol).

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter 5.8 Pharmacopoeial harmonisation.

**** ** *
*****(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.

Maize Starch1

DEFINITION
Maize starch is obtained from the caryopsis of Zea mays L.

3 numerical value representing the 3 methyl groups in the
internal standard;

At area of the methyl groups in the internal standard;
A2 area of the methyl groups of hydroxypropyl;
P percentage content of 3-rrimethylsilyl-l-propanesulfonic acid

sodium salt CRS;
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;
218 molar mass of the internal standard, in grams per mole;
59 molar mass of the hydroxypropyl group, in grams per mole;
m mass of the substance to be examined in the NMR tube, in

milligrams.

H OH
~OH and enantiomer

H3C

LABELLING
The label states the botanical source of the starch and the
type of modification.

IMPURITIES

- sweep width: 8 ppm (-1.0 to + 7 ppm);
- irradiation frequency offset: none;
- time domain: at least 64 K;
- pulsewidth: 90°;
- pulsedelay: lOs;
- dummy scans: 0;
- numberof scans: 8.

Use the CH3 signal of the internal standard for shift
referencing. The shift of the singlet is set to a ppm.

Record the FlO 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 (Az), and
of the methyl groups at a ppm of the internal standard (A I)
without l3C-satellites.

Results Measure the signal coming from the 3 protons of
the methyl group in the hydroxypropyl function; calculate the
percentage content of hydroxypropyl groups using the
following expression:

3Az P WI xml 9 100--x-x x5 x-
Al 100 218 m

8.5 min): trimethylsilyl derivative of propylene
glycol = about 0.7.

System suitability Reference solution:
- resolution: minimum 5.0 between the peaks due to the

trimethylsilyl derivative of propylene glycol and the
trimethylsilyl derivative of propane-1,3-diol.

Calculation of percentage contents Use the internal standard
method.

Limit:
- impurity A: maximum 0.1 per cent.

Oxidising substances (2.5.30)
Maximum 20 ppm, calculated as HzOz.
Use a mixture of equal volumes of methanol R and waterR as
solvent.

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
- For pregelatinised hydroxypropyl starch obtained from

maize, potato, cassava or rice: maximum 20 ppm.

Dissolve the residueobtained in the test for sulfated ash in
20 mL of dilute hydrochloric acid R and filter. The filtrate
complies with the test for iron.
- For pregelatinisedhydroxypropyl starch obtained from

pea: maximum 50 ppm.

Dissolve the residue obtained in the test for sulfated ash in
50 mL of dilute hydrochloric acid R and 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 pregelatinised hydroxypropyl

starch obtained from maize, cassava, rice or pea;
- maximum 20.0 per cent for pregelatinised hydroxypropyl

starch obtained from potato.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 103 CFU/g (2.6.12).

TYMC: acceptance criterion 10z CFU/g (2.6.12).

Absence of Escherichia coli(2.6.13).

Absence of Salmonella (2.6.13).

ASSAY
Nuclear magnetic resonance spectrometry (2.2.33).

Internal standardsolution Disperse 50.0 mg of 3-trimethylsilyl
l-propanesulfonic acidsodium salt CRS in about 5 g of
deuterium oxideRl, weighed to the nearest 0.1 mg. Store in a
sealed bottle.

Test solution 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 rom NMR tube. Add 0.1 mL of deuterium chloride
solution Rand 0.75 mL of deuterium oxide Rl. Cap the tube,
mix, and place it in a boiling water-bath until a clear solution
is obtained (3 min to maximum 1 h). 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 operating at minimum
300 NlHz.

Acquisition of 1H NMR spectra The following parameters
may be used:
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.CHARACTERS
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. Microscope examination (2.8.23), using a 50 per cent V/V
solution of glycerol R. It appears as either angular polyhedral
granules of irregular sizes with diameters ranging from about
2 urn to about 23 urn or as rounded or spheroidal granules of
irregular sizes with diameters ranging from about 25 urn to
about 35 /lID (Figure 0344.-1). 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.

1 25IJm I

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 R1. 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 the agitation
and allow to stand for 15 min.

OForeign. matter
Examined under a microscope using a 50 per cent V/V
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.O

Oxidising substances (2.5.30)
Maximum 20 ppm, calculated as H 20 2.

2020

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°C for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Nficrobimconmnrlnarion
TAMC: acceptance criterion 103 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
____________________ PhEur

Pea Starch
(Ph. Eur. monograph 2403)

PhEur _

DEFINITION
Pea starch is obtained from the seeds of Pisum satioum L.

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 V/V
solution of glycerol R. It presents a majority of large elliptical
granules, 25-45 urn in size, sometimes irregular, or reniform.
It also presents a minority of small rounded granules, 5-8 urn
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 gin 50 mL of water R, 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 R1. A 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 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 V/V
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.

Oxidising substances (2.5.30)
Maximum 20 ppm, calculated as H20 2•
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Figure 2403.-1. - Illustration for identification testA of pea
starch

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
Maximum 50 ppm.

Shake 1.0 g with 50 mL of dilute hydrochloric acidR. 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°C for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAM.C: 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).
____________________ PhEur

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.

PhEur _

DEFINITION
Potato starch is obtained from the tuber of Solanum
tuberosum L.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

Potato Starch 11-991

25flm
I

Figure 0355.-1. - Illustration for identification testA of potato
starch

.CHARACTERS
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 V/V
solution of glycerol R. 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 (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
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polarising plates or prisms, the granules show a distinct black
cross intersecting at the hilum.

B. Suspend 1 gin 50 mL of waterR, boil for 1 min and cool.
A thick, opalescent mucilage is formed.

C. To 1 mL of the mucilage obtained in identification test B,
add 0.05 mL of iodinesolution Rl. 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.

OForeign matter
Examined under a microscope using a 50 per cent V/V
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.O

Oxidising substances (2.5.30)
Maximum 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 acid R. 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°C for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 103 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
_______________~~ PhEur

Pregelatinised Starch
Prege1atinised Maize Starch

(Ph. Eur. monograph 1267)

When Pregelatinised Starch is prepared Zea mays, the title
Pregelatinised Maize Starch may be used.
Ph Eur _

DEFINITION
Prege1atinised starch is prepared from Maize starch (0344),
Potato starch (0355) or Rice starch (0349) by mechanical
processing in the presence of 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 render it compressible and to improve its flow
characteristics.

CHARACTERS
Appearance
White or yellowish-white powder.

It swells in cold water.

2020

IDENTIFICATION
A. Examined under a microscope using a mixture of equal
volumes of glycerol R and waterR it presents irregular,
translucent, white or yellowish-white flakes or pieces with an
uneven surface. Under polarised light (between crossed nicol
prisms), starch granules with a distinct black cross
intersecting at the hilum may be seen.
B. Disperse 0.5 gin 2 mL of waterR without heating and
add 0.05 mL of iodine solution Rl. A reddish-violet or blue
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
waterR, stirring continuously. Determine the pH when a
homogeneous solution is obtained.

Oxidising substances (2.5.30)
It complies with the test for oxidising substances. Use a
mixture of equal volumes of methanol R and waterR as
solvent.

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
Maximum 20 ppm.

Dissolve the residue obtained in the test for sulfated ash in
20 mL of dilute hydrochloric acidR. Filter. The filtrate
complies with the test.

Foreign matter
Examined under a microscope using a mixture of equal
volumes of glycerol R and waterR, not more than traces of
matter other than 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
TAMe: acceptance criterion 103 CFU/g (2.6.12).

TYMC: acceptance criterion 10z 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 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 characteristics described in the Functionality
related characteristics section may also bepresent 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 quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. Where control methods are cited, they are
recognised as beingsuitable for thepurpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control method must be indicated.
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The following characteristics may be relevant for pregelatinised
starch usedas filler) binder or disintegrant in tablets and in hard
capsules.

Cold-water-soluble matter
Transfer 100 mL of waterR at 25 ± 1 DC 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 DC 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 DC 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

S X lOl~OC

A initial crucible mass, in grams;
B final crucible mass, in grams;
C loss on drying, in per cent;
S sample mass, in grams.

Particle-size distribution (2.9.31 or 2.9.38)

Powder flow (2.9.36)
____________________ PhEur

Rice Starch1

(Ph. Bur. monograph 0349)

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.

PhEur _

DEFINITION
Rice starch is obtained from the caryopsis of Oryza sativa L.

+CHARACTERS
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).

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 V/V
solution of glycerol R. It presents polyhedral, simple grains
1-10 J.Lm (mostly 4-6 urn) in size (Figure 0349.-1). These
simple grains often gather in ellipsoidal, compound grains
50-100 um in diameter. The grains have a poorly visible
central hilum and there are no concentric striations. Between

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

Rice Starch 11-993

orthogonally orientated polarising plates or prisms, the starch
grains show a distinct black cross intersecting at the hilum.

Figure 0349.-1. - Illustration for identification testA of rice
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)
5.0 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 50 per cent V/V
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 substances (2.5.30)
Maximum 20 ppm, calculated as H 202•

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 1.00 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 103 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
____________________ PhEur

www.webofpharma.com



11-994 Tapioca Starch

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.

DEFINITION
Tapioca Starch is obtained from the rhizomes of Manihot
utilissima PoW.

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 urn, larger
granules 20 to 35 urn 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 waterfor
1 minute and cool. A thin, cloudy mucilage is formed.

C. Mix 0.05 mL of iodine solution R1 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 ofphenolphthalein solution;
shake for 1 hour, filter and titrate 50 mL of the filtrate with
0.1M 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 1000 to 1050

, loses not
more than 15.0% of its weight. Use 1 g.

Sulfated ash
Not more than 0.6%, Appendix IX A, Iv1.ethod II. Use 1 g.

Microbial contamination
1.0 g is free from Escherichia coli, Appendix XVI B1.

STORAGE
Tapioca Starch should be kept in an airtight container.

Wheat Starch1

(Ph. Bur. 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.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.

2020

PhEur _'--- _

DEFINITION
Wheat starch is obtained from the caryopsis of Triticum
aestivum L. (T. vulgare Vill.).

.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).

Wheat 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 V/V
solution of glycerol R. It presents 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 when seen face-on. The central hilum
and striations are invisible or barely visible and the granules
sometimes show cracks on the edges. Seen in profile, the
granules are elliptical 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.

Figure 0359.-1. - Illustration for identification testA of wheat
starch

B. Suspend 1 g in 50 mL of water R, 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 ofcarbon dioxide-free waterR for
60 s. Allow to stand for 15 min.
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OForeign 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.O

Total protein
Maximum 0.3 per cent of total protein (corresponding to
0.048 per cent N 2, conversion factor: 6.25), determined on
6.0 g by sulfuric acid digestion (2.5.9) modified as follows:
wash any adhering particles from the neck into the flask with
25 mL of sulfuric acidR; continue the heating until a clear
solution is obtained; add 45 mL of strong sodium hydroxide
solution R.

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 PPI1;l,
Shake 1.5 g ~itli1.;5mL of dilute hydrochloric acidR. Filter.
The filtrate comp"~es 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 DC for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 103 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
____________________ PhEur

Stavudine
(Ph. Eur. monograph 2130)

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 water R and dilute to 10.0 mL with the
same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison stavudine 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 solutions
immediately before useorstore them at 2-8 0 C until use.

Test solution Dissolve 25.0 mg of the substance to be
examined in waterR 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 water R.

Reference solution (b) Dilute 20.0 mL of reference
solution (a) to 100.0 mL with waterR.
Reference solution (c) Dissolve 5 mg of stavudine for system
suitability CRS (containing impurities A, B, C, E and G) in
water R and dilute to 10.0 mL with the same solvem.

Column:
- size: l = 0.25 m, 0 = 4.6 mID;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase:
- mobile phase A: mix 35 volumes of acetonitrile for

chromatography Rand 965 volumes of a 0.77 gIL solution
of ammonium acetate R;

- mobile phase B: mix 250 volumes of acetonitrile for
chromatography Rand 750 volumes of a 0.77 gIL solution
of ammonium acetate R;

Time Mobile phase A Mobile phase B
(min) (per cent Vil') (per cent Vil')

0-10 100 0

10 - 20 100 --+ 0 0--+ 100

20 - 30 0 100

PhEur _

Action and use
Nucleoside reverse transciptase inhibitor; antiviral (HIV).

DEFINITION
1-(2,3-Dideoxy-~-D-grycero-pent-2-enofuranosyl)-5

methylpyrimidine-2,4(1H,3H)-dione.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Flow rate 2.0 mlJmin.

Detection Spectrophotometer at 254 nm.

Injection 10 llL.

Identification of impurities Use the chromatogram supplied
with stavudine for system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B, C, E and G.

Relative retention 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):
- peak-to-valley ratio: minimum 1.5, where Hp = height

above the baseline of the peak due to impurity C and
H; = height above the baseline of the lowest point of the

3056-17-5224.2
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curve separating this peak from the peak due to
impurity B; 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 stavudine.

Calculation of percentage contents:
- correction factor: multiply the peak area of impurity A by

0.7;
- for impurity A, use the concentration of stavudine in

reference solution (a);
- for impurities other than A, use the concentration of

stavudine in reference solution (b).

Limits:
- impurity A: maximum 0.5 per cent;
- impurity G: maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Impurity I
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use or store them at 2-8 °C until use.

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 (a) Dissolve 2 mg of stavudine
impurity I 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.

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: I =0.25 m, 0 =4.6 mID;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 JlII1).

Mobzle phase Mix 30 volumes 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 mIJmin.

Detection Spectrophotometer at 266 nm.

Injection 20!-LL.

Run time 7 times the retention time of stavudine.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity 1.

Relative retention With reference to stavudine (retention
time = about 3 min): impurity I = about 6.0.

System suitabiluy Reference solution (b):
- signal-to-noise ratio: minimum 40 for the principal peak.

Calculation of percentage content:
- correction factor: multiply the peak area of impurity I by

1.7;
- 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.

2020

ASSAY
Liquid chromatography (2.2.29). Prepare the solutions
immediately before useor store them at 2-8 °C until use.

Test solution Dissolve 10.0 mg of the substance to be
examined 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 (a) Dissolve 10.0 mg of stavudine 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 thymidine R (impurity C) in
waterR and dilute to 100.0 mL with the same solvent. Dilute
10.0mL of the solution to 50.0 mL with waterR.

Column:
- size: 1= 0.033 m, 0 = 4.0 nun;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (3 urn).

Mobzle phase Mix 5 volumes of acetonitrile for
chromatography Rand 95 volumes of a 0.77 g/L solution of
ammonium acetate R.

Flow rate 0.7 mIJmin.

Detection Spectrophotometer at 254 nm.

Injection 25!-LL.

Run time Twice the retention time of stavudine.

Identification of impurities 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 ClOHIZNz04 using the
chromatograms obtained with the test solution and reference
solution (a) and taking into account the assigned content of
stavudine CRS.

STORAGE
Protected from light and humidity.

IMPURITIES
Specified impurities A, G, 1.

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 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 for pharmaceutical use) B, C, D, E, F, H.

A. 5-methylpyrimidine-2,4(lH,3H)-dione (thymine),
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B. 1-(2-deoxy-~-D-threo-pentofuranosyl)-5-methylpyrirnidine

2,4(lH,3H)-dione (3'-epithymidine),

o
~CH3

HN-._ J
HO~

OH

C. 1"7f2"7deoXY-~-D...,erythro-pentofuranosyl)-5
II1:~thylpyrimi~-2,4(lH,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-ct.-n-grycero-pent-2-enofuranosyl)-5
methylpyrirnidine-2,4(lH,3H)-dione (stavudine
anomer «),

F. 1-(3,5-anhydro-2-deoXY-~-D-threo-pentofuranosyl)-5

methylpyrimidine-2,4(lH,3H)-dione,

G. 1-[2-deoxy-5-0-[[(2S,SR)-5-[5-methyl-2,4-dioxo-3,4
dihydropyrimidine-1(2H)-yl]-2,S-dihydrofuran-2-yl]
methyl]-~-D-threo-pentofuranosyl]-5-methylpyrimidine-2,4

(IH,3H)-dione,

Stearic Acid II-997

H. 1-[2-deoxy-5-0-(1-methylethyl)-~-D-threo-pentofuranosyl]

S-methylpyrimidine-2,4(lH,3H)-dione,

I. 1-(5-0-benzoyl-2,3-dideoXY-~-D-grycero-pent-2
enofuranosyl)-5-methylpyrirnidine-2,4(lH,3H)-dione.

____________________ PhEur

Stearic Acid1

(Ph. Bur. monograph 1474)

Action and use
Excipient.

PhEur _

DEFINITION
Mixture consisting mainly of stearic (octadecanoic) acid
(ClsH3602; M r 284.5) and palmitic (hexadecanoic) acid
(C16H3202; Mr 256.4) obtained from fats or oils of vegetable
or animal origin.

Content

Stearic acid 50 Stearic acid: 40.0 per cent to 60.0 per cent.
Sum of thecontents of stearic andpalmitic acids: minimum
90.0 per cent.

Stearic acid 70 Stearic acid: 60.0 per cent to 80.0 per cent.
Sum of thecontents of stearic and palmitic acids: minimum
90.0 per cent.

Stearic acid 95 Stearic acid: minimum 90.0 per cent.
Sum of thecontents of stearic and palmitic acids: minimum
96.0 per cent.

•CHARACTERS
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.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.
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Detection Flame ionisation.

Injection 1 ~lL.

Relative retention With reference to methyl stearate: methyl
palmitate = about 0.9.

System suitability 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) Method l). 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 methyl orange solution R. No red colour develops.

Iodine value (2.5.4)
See Table 1474.-1.

Freezing point (2.2.18)
See Table 1474.-1.

+Nickel (2.4.31)
Maximum 1 ppm.•

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 trifluoride-methanol solution R. Boil under reflux for
10 min. Add 4.0 mL ofheptane R through the condenser and
boil again under reflux for 10 nun. 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 acidCRS instead of the substance to be
examined.

Column:
- material: fused silica;
- size: I =30 m, 0 =0.32 mm;
- stationary phase: macrogol 20 000 R (film thickness

0.5 11m).

Carrier gas helium for chromatography R.

Flow rate 2.4 mUmin.

Temperature:

0-2

2 - 36

36 - 41

Stearoyl Macrogolglycerides

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.

- 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 states the type of stearic acid (50, 70, 95).

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevant control parameters for one or more
functions of the substance whenusedas 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 also represent 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 the characteristics can contribute
to the qualityof a medicinal product by improving the consistency
of the man-ufacturing process and theperformance of the medicinal
product duringuse. W'here control methods arecited) they are
recognised as beingsuitable for thepurpose) but othermethods can
also be used. W7zerever results for a particular characteristic are
reported) the control methodmust beindicated.
The following characteristics may be relevant for stearic acidused
as a lubricant in tablets and capsules.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26) Method l)
_____________________ PhEur

PhEur _

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 triglycerides of stearic (octadecanoic) acid,
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.

(Ph. Eur. monograph 1268)

Action and use
Excipient.

70

70 -+ 240

240
220
260

Temperature
(C)

53 - 59

57 - 64

64 - 69

Freezing point
(C)

Time
(min)

maximum 4.0

maximum 4.0

maximum 1.5

Iodine value

Column

Injection port

Detector

Table 1474.-1.

Stearic acid 50

Stearic acid 70

Stearic acid 95

Type
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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.

Mobilephase hexaneR, etherR (30:70 VIV).

Application 10 J.lL.
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 nm.

Results The chromatogram shows a spot due to triglycerides
with an Rp value of about 0.9 (Rst 1) and spots due to
1,3-diglycerides (Rst 0.7), to 1,2-diglycerides (Rst 0.6), to
monoglycerides (Rst 0.1) and to esters of macrogoI (Rst 0).

B. Hydroxyl valuetsee Tests).

C. Saponification'yalue (see Tests).

D. Composition §:ffatty acids (see Tests).

TESTS
Acid value (2.5.f)
Maximum 2.0, determined on 2.0 g.

Hydroxyl value (2.5.3, Method A)
Within 15 units of the nominal value, determined on 1.0 g.

Peroxide value (2.5.5, Method A)
Maximum 6.0, determined on 2.0 g.

Saponification value (2;5.6)
Within 10 units of the nomina. 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 hydrochloric acidor with
0.01 M sodium hydroxide, of 0.05 mL of a 0.4 gIL solution of
bromophenol blue R in ethanol (96 per cent) R, 0.3 mL of
water Rand 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 waterR. Shake and
add 25.0 mL of periodic 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.

1 mL of 0.1 M sodium thiosulfate is equivalent to 2.3 mg of
glycerol.

Composition of fatty acids
Gas chromatography (2.4.22, Method A).

Composition of thefatty-acid fraction of the substance:
- lauric acid: maximum 5.0 per cent;
- myristic acid: maximum 5.0 per cent;
- stearic acidand palmitic 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 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Stearyl Alcohol 11-999

Water (2.5.12)
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 states:
- the nominal hydroxyl value;
- the nominal saponification value;
- the type of the macrogol used (mean relative molecular

mass) or the number of moles of ethylene oxide reacted
per mole of substance (nominal value).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as beingrelevant control parameters for one ormore
functions of the substance when usedas an excipient (see chapter
5.15). Some of the characteristics described in theFunctionality
related characteristics section may also bepresent 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 manufacturing process and theperformance of the medicinal
productduring use. Where control methods are cited, they are
recognised as beingsuitable for the purpose, 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 stearoyl
macrogolglycerides usedas self-emulsifying agents, solubidsers,
modified-release agents and wettingagents.

Hydroxyl value
(see Tests).

Saponification value
(see Tests).

Composition of fatty acids
(see Tests).
_____________________ PhEur

Stearyl Alcohol
(Ph. Bur. monograph 0753)

Action and use
Excipient.

PhEur _

DEFINITION
Mixture of solid alcohols, mainly octadecan-I-ol (C1sH3SO;
M r 270.5), of animal or vegetable origin.

Content
Minimum 95.0 per cent of C1sH3SO.

CHARACTERS
Appearance
White or almost white, unctuous flakes, granules or mass.

Solubility
Practically insoluble in water, soluble in ethanol
(96 per cent). When melted, it is miscible with fatty oils,
with liquid paraffin and with melted wool fat.
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Detection Flame ionisation.

Injection 1 pL of the test solution and reference
solutions (b) and (c).

System suitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to cetyl

alcohol and stearyl alcohol.

IDENfIFICATION
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
than reference solution B6 (2.2.2, Method II).

Dissolve 0.50 gin 20 mL of boiling ethanol (96 per cent) R.
Allow to cool.

Melting point (2.2.14)
57 DC to 60 DC.

Acid value (2.5.1)
Maximum 1.0.

Hydroxyl value (2.5.3, Method A)
197 to 217.

Iodine value (2.5.4, MethodA)
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 normalisation
procedure.

Test solution Dissolve 0.100 g of the substance to be
examined in ethanol (96 per cent) R and dilute to 10.0 mL
with the same solvent.

Reference solution (a) Dissolve 50 mg of cetylalcohol R in
ethanol (96 per cent) R and dilute to 10 mL with the same
solvent.

Reference solution (b) Dissolve 50 mg of stearylalcohol CRS
in ethanol (96 per cent) R and dilute to 5 mL with the same
solvent.

Reference solution (c) Mix 1 mL of reference solution (a)
and 1 mL of reference solution (b) and dilute to 10 mL with
ethanol (96 per cent) R.

Column:
- size: 1= 30 m, 0 = 0.32 mm,
- stationaryphase: poly(d£methyl)siloxane R (1 um).

Carrier gas heliumfor chromatography R.

Flow rate 1 mUmin.
Spl£t ratio 1:100.

Temperature:

Column

Injection port

Detector

Time
(min)

0-20

20 - 40

Temperature
eC)

150 -> 250

250

250

250

Calculate the percentage content of C 1sH3SO.

_____________________ PhEur

Streptokinase Concentrated
Solution
Streptokinase Bulk Solution

(ph. Bur. monograph 0356)

Action and use
Plasminogen activator; fibrinolytic.

Preparation
Streptokinase Injection

PhEur _

DEFINITION
Streptokinase concentrated solution is a preparation of a
protein obtained from culture filtrates of certain strains of
haemolytic Streptococcus group C; it has the property of
combining with human plasminogen to form plasminogen
activator. It may contain buffer salts and other excipients.
The potency is not less than 510 ill per microgram of
nitrogen.

CHARACTERS
Appearance
Clear, colourless liquid.

IDENTIFICATION
A. Place 0.5 mL of citrated human plasma in a polystyrene
tube maintained in a water-bath at 37 DC. Add 0.1 mL of a
dilution of the preparation to be examined containing
10 000 IU of streptokinase activity per millilitre in phosphate
buffersolution pH 7.2 Rand 0.1 mL of a solution of human
thrombin R containing 20 ill/mL in phosphate buffersolution
pH 7.2 R. Mix immediately. A clot forms and lyses within
30 min. Repeat the procedure using citrated bovine plasma.
The clot does not lyse within 60 min.

E. 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 jJ.L of a dilution of the preparation to be examined
containing 125 000 ill of streptokinase activity per millilitre.
Allow the plates to stand in a humidified tank for 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
water R to obtain a solution containing at least 1000 000 IV
of streptokinase activity per millilitre.

Streptodornase
Maximum 10 ill of streptodornase activity per 100 000 ill
of streptokinase activity.

Test solution Dilute the preparation to be examined in
imidazolebuffersolution pH 6.5 R to obtain a solution
containing 150 000 IV of streptokinase activity per millilitre.

Reference solution Dissolve in imidazole buffersolution
pH 6.5 R a reference preparation of streptodornase,
calibrated in International Units against the International
Standard of streptodornase, to obtain a solution containing
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20 IU 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 tubes, add 0.5 mL of a
1 gIL solution of sodium deoxyribonucleate R in imidazole buffer
solution pH 6.5 R. To tube number 1 and tube number 2 add
0.25 mL of imidazole buffersolution pH 6.5 R, 0.25 mL of the
test solution and, immediately, 3.0 mL of perchloric acid
(25 gIL HCI04) . Mix, centrifuge at about 3000 g for 5 min
and measure the absorbances (2.2.25) of the supernatant
liquids at 260 nm, using as the compensation liquid a
mixture of 1.0 mL of imidazole buffer solution pH 6.5 R and
3.0 mL of perchloric acid (25 gIL HCI04) (absorbances Al
and A z). 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 buffersolution 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 reference solution. Mix the contents of each tube and
heat at 37°C for 15,!min. To each tube add 3.0 mL of
perchloric acid (25 giL HCI04) , mix and centrifuge. Measure
the absorbances (2.2:25) of the supernatant liquids at
260 nm using the compensation liquid described above
(absorbances A 3 to 4~). The absorbances comply with the
following requirement:

Streptolysin
In a polystyrene tube, use a quantity of the preparation to be
examined equivalent to 500 000 ill of streptokinase activity
and dilute to 0.5 mL with a mixture of 1 volume of phosphate
buffer solution pH 7.2 R and 9 volumes of a 9 gIL solution of
sodium chloride R. Add 0.4 mL of a 23 gIL solution of sodium
thioglycollate 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 ill/mL. Heat at 37°C
for 5 min. Add 1 mL of rabbiterythrocyte suspension R. Heat
at 37°C for 30 min. Centrifuge at about 1000 g. In the same
manner, prepare a polystyrene tube in which the solution of
the preparation to be examined has been replaced by 0.5 mL
of a mixture of 1 volume ofphosphate buffer solution pH 7.2 R
and 9 volumes of a 9 gIL solution of sodium chloride R.
Measure the absorbances (2.2.25) of the supernatant liquids
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
water R to obtain a concentration of about 0.5-1 gIL,
depending on the chromatographic system used.

Reference solution Dilute 1 volume of streptokinase for system
suitabilityCRS with 49 volumes of water R.

Column:
- size: l =0.10 m, 0 =4.6 mrn;
- stationary phase: styrene-divinylbenzene copolymer R (10 j.lI11)

with a pore size of 200 nID;
- temperature: 25°C.

Mobile phase:
- mobile phaseA: trifluoroacetic acid R, waterfor

chromatography R (l: 1000 VIV); degas;

Streptokinase 11-1001

- mobile phase B: trifiuoroacetic acidR, acetonitrile for
chromatography R (1:1000 VIV); degas;

Time Mobile phase A Mobile phase B
(min) (per cent V/JI) (per cent V/JI)

0-1 68 32

1-4 68 -> 52 32 -> 48

4-5 52 48

5-7 0 100

7 - 10 68 32

The above conditions may be modified to improve the
separation efficiency of the chromatographic system.

Flow rate 5 mUmin.

Detection Spectrophotometer at 280 nm.

Injection 20 J.!L.
Retention time: streptokinase = 2.3 min to 2.8 min.

System suitability Reference solution:
- symmetry factor: maximum 1.9 for the peak due to

streptokinase;
- peak-to-valley ratio: minimum 2, where Hp = height above

the baseline of the 1st peak eluting after the principal peak
and H v = 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 suitability CRS.

Limit:
- total: m2.ill,hnum 5 per cent.

Baccerial endotoxins (2.6.14)
Less than 0.02 ill per 100 ill of streptokinase activity, 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
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 tris(hydroxymethyl)
aminomethane sodium chloride buffer solution pH 7.4 R1, 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(hydroxymethyl)aminomethane buffer solution
pH 7.4 R with 1.0 mL of chromogenic substrate R3. Add 5 J.LL
of a 100 gIL solution of polysorbate 20 R. Keep at 37°C in a
water-bath. Immediately before commencing the activation
assay, add 45 ~LL of a 1 mg/ml, solution of human
plasminogen R.
Method

Analyse each streptokinase dilution, maintained at 37 DC, in
duplicate. Initiate the activation reaction by adding 60 ul, of
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_____________________ PhEur

PhEur _

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 0.75mm layer of the following mixture:
mix 0.3 g of carbomerR 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 waterR and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of streptomycin
sulfate CRS in waterR 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 CRS in waterR and dilute to 10 mL
with the same solvent.

Apply separately to the plate 10 Ill. 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 a mixture of equal volumes of a 2 gIL
solution of 1~3-dihydroxynaphthalene R in ethanol
(96 per cent) R and a 460 gIL solution of sulfuric acidR. Heat
at 150 "C for 5 min to 10 min. The principal spot in the
chromatogram obtained with the testsolution is similar in
position, colour and size to the spot in the chromatogram
obtained with reference solution (a). The test is not valid
unless the 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 dilute hydrochloric acidRand
0.1 mL oi ferric chloride solution Rl. A violet colour develops.

C. Dissolve 0.1 gin 2 mL of waterR, add 1 mL of
a-naphthol solution R and 2 mL of a mixture of equal volumes
of strong sodium hypochlorite solution R and water R. A red
colour develops.

D. Dissolve about 10 mg in 5 mL of water R and add 1 mL
of 1 M hydrochloric acid: Heat in a water-bath for 2 min.
Add 2 mL of a 5 gIL solution of a-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).

DEFINITION
Bis[lVl,~-dicarbamllTridoyl-4-()-[5~eoxy-2-()-[2-deoxy-2

(methylamino)-cr-L-glucopyranosyl]-3-C-fonnyl-cr-L
lyxofuranosyl]-D-streptamine] trisulfate, a substance produced
by the 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.

3810-74-0

2

1457

Action and use
Aminoglycoside antibacterial; antituberculosis drug.

Preparation
Streptomycin Injection

Streptomycin Sulphate

(Ph. Eur. monograph 0053)

Streptomycin Sulfate

each dilution to 40 ul, of substrate solution. For blank wells,
use 60 !-tL of tris(hydroxymethyl)aminomethane sodium chloride
buffer solution pH 7.4 R1 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 i1L of a
50 per cent V/V solution of glacial acetic acid 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 (5.3).

The estimated potency is not less than 90 percent 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-proof container.

LABELLING
The label states:
- 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.
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TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Appearanceofsmution
Solution S is not more intensely coloured than intensity 3 of
the range of reference solutions of the most appropriate
colour (2.2.2, Method II). Allow to stand protected from
light, at a temperature of about 20 DC for 24 h. Solution S is
not more opalescent than reference suspension II (2.2.1).

pH (2.2.3)
The pH of solution S is 4.5 to 7.0.

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 mL
with waterR. ::.;::

The chromatographic procedure may be carried out using:
- a column 1.5 mg,2.0 m long and 2 rnm to 4 mm in

internal diameteivpacked with ethylvinylbenzene
divinylbenzene coPolymer R (150 IJ1l1 to 180 J..llTI),

- 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.

Maintain the column at a constant temperature between
120 DC and 140 DC and the injection port and the detector at
a temperature at least 50 DC higher than that of the column,
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 silica
gelGRas the coating substance.

Testsolution Dissolve 0.2 g of the substance to be examined
in a freshly prepared mixture of 3 volumes of sulfuric acidR
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 sulfuric acidRand
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
50 mL with the same solvent. Dilute 5 mL of the solution to
50 mL with methanol R (0.3 gIL solution expressed as
strepto-mycin B; 1 mg of mannose R is equivalent to 4.13 mg
of streptomycin B).

Apply separately to the plate 10 IJ.L of each solution. Develop
over a path of 13 em to 15 em using a mixture of
25 volumes of glacial acetic acidR, 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 volumes of a
2 gIL solution of 1,3-dihydroxynaphthalene R in ethanol
(96 per cent) R and a 20 per cent V/V solution of sulfuric
acidR and heat at 110 DC 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).

Streptomycin Sulfate 11-1003

Loss on drying (2.2.32)
Not more than 7.0 per cent, determined on 1.000 gby
drying at 60 DC over diphosphorus penioxide R at a pressure
not exceeding 0.1 kPa for 24 h.

Sulfated ash (2.4.14)
Not more than 1.0 per cent, determined on 1.000 g.

Sulfate
18.0 per cent to 21.5 per cent of sulfate (S04), calculated
with reference to the dried substance. Dissolve 0.250 gin
100 mL of waterR 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 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.

1 mL of 0.1 M barium chloride is equivalent to 9.606 mg of
sulfate (SOJ.

Colorimetric test
Dry the substance to be examined and streptomycin
sulfate CRS at 60 DC over diphosphorus pentoxide R at a
pressure not exceeding 0.1 kPa for 24 h. Dissolve 0.100 g of
the dried substance to be examined in water R and dilute to
100.0 mL with the same solvent. Prepare a reference solution
in the same manner using 0.100 g of the dried streptomycin
sulfate CRS. Place 5.0 mL of each solution separately in two
volumetric flasks and in a third flask place 5 mL of waterR.
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 of ferric
ammonium sulfate R in 0.5 M sulfuric acid, dilute to 25.0 mL
with waterR and mix. Exactly 20 min after the addition of
the ferric ammonium sulfate solution measure the absorbance
(2.2.25) of the test solution and the reference solution in a
2 cm cell at the maximum at 525 nm, using as compensation
liquid the solution prepared from 5 mL of waterR.
The absorbance of the test solution is not less than
90.0 per cent of that of the reference solution.

Bacterial endotoxins (2.6.14)
Less than 0.25 ill/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).

STORAGE
Store in an airtight container. If the substance is sterile, store
in a sterile, airtight, tamper-proof container.
_____________________ PhEur
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Sucralfate
(ph. Bur. monograph 1796)

RO~
OR

RO

RO~~OO
RO

OR
OR

R=SO~I(OHh

C12H3oAIsOSlSS[Al(OH)3]n[H20]n'
in which n =8 to 10 and n' = 22 to 31

Action and use
Treatment of gastric and duodenal ulcers.

PhEur _

DEFINITION
P-D-Fructofuranosyl-ct-D-glucopyranoside octakis
(dihydroxyaluminium sulfate) with 8-10 molecules of
aluminium hydroxide and 22-31 molecules of water.

Content
- f3-n-fructofuranosyl-rx-D-glucopyranoside octakis sulfate (sucrose

octasulfate) (C12H1403sSss-; M r 975): 30.0 per cent to
38.0 per cent;

- aluminium (Al; A r 26.98): 15.5 per cent to 18.5 per cent.

CHARACTERS
Appearance
White or almost white, amorphous powder.

Solubility
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 sucralfate CRS.

B. To 2 g add 10 mL of 0.1 M hydrochloric acid and boil.
Cool and neutralise with 0.1 M sodium hydroxide. To 5 mL of
the solution add 0.15 mL of freshly prepared copper sulfate
solution Rand 2 mL of freshly prepared dilute 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 1 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 acidRand 2 mL of waterR. The solution gives
the reaction of aluminium (2.3.1).

TESTS
Impurity A
Liquid chromatography (2.2.29).

Testsolution 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 acidR and dilute to 10.0 mL with the same mixture
of solvents. Without delay, while shaking at a moderate rate,

2020

add a volume (V), accurately measured in millilitres, of a
4 gIL solution of sodium hydroxide R to adjust the solution to
approximately pH 2.3. Dilute the solution with (15.0
- V) mL of waterR. Shake for 1 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
octasulfate CRS in the mobile phase and dilute to 5.0 mL
with the mobile phase.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, (2) = 4.0 rnm;
- stationary phase: aminopropylsilyl silica gelfor

chromatography R (5 urn),

Mobile phase 70 gIL solution of ammonium sulfate R,
adjusted to pH 3.5 with phosphoric acidR.
Flow rate 1 mlJmin.

Detection Differential refractometer.

Injection 50 J.LL of the test solution and reference
solution (b).

Relativeretention With reference to sucrose octasulfate
(retention time = about 6 min): impurity A = about 0.6.

Systemsuitability Reference solution (b):
- number of theoretical plates: minimum 400;
- symmetry factor: maximum 4.0.

Limit:
- impurity 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 gin 100.0 mL of 0.1 M hydrochloric acid,
previously heated at 37 DC, stir continuously for 1 h in a
water-bath at 37 DC and cool. Titrate 20.0 mL of this
solution with 0.1 M sodium hydroxide to pH 3.5; not more
than 14.0 mL of 0.1 M sodium hydroxide is required.

Chlorides (2.4.4)
Maximum 0.50 per cent.

Dissolve 0.10 gin 5 mL of dilute nitric acidR and dilute to
50 mL with waterR. Dilute 5 mL of this solution to 15 mL
with waterR.

Arsenic (2.4.2, MethodA)
Maximum 4 ppm.

Introduce 0.25 g of the substance to be examined and 5 mL
of sulfuric acidR into a combustion flask. Carefully add a few
millilitres of strong hydrogen peroxide solution R and heat to
boiling until a clear, colourless solution is obtained. Continue
heating to eliminate the water and as much sulfuric acid as
possible and dilute to 25 mL with waterR.

ASSAY
Aluminium
Disperse 1.0 g in 10 mL of 6 M hydrochloric acidR. Heat
with continuous stirring in a water-bath at 70 DC 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 1st portion of the filtrate.
To 10.0 mL of the solution, add 10.0 mL of 0.1 M sodium
edetate and 30 mL of a mixture of equal volumes of
ammonium acetate solution R and dilute acetic acidR. Heat in a
water-bath at 70 °C for 5 min, then cool. Add 25 mL of
ethanol (96 percent) Rand 1 ml.:of a freshly prepared
0.25 gIL solution of dithizone R in ethanol (96 per cent) R.
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PhEur '-- _

____--'- PhEur

(Ph. Bur. monograph 2368)

Solubility
Freely soluble 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
Specific optical rotation (2.2.7)
+ 84.0 to + 87.5 (anhydrous substance).

Dissolve 2.50 g in waterR and dilute to 25.0 mL with the
same solvent.

Impurities H and I
Testsolution Dissolve 2.5 g of the substance to be examined
in methanol R and dilute to 10.0 mL with the same solvent.

Reference solution (a) Dissolve 1.0 g of mannitolR in waterR
and dilute to 10.0 mL with the same solvent.

Reference solution (b) Dissolve 1.0 g of mannitolRand
4.0 mg ofjructose R in waterR and dilute to 10.0 mL with
the same solvent.

Plate TLC silica gelplateR.

Appliauion 5!JL by applying the solution slowly in 1 !JL
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-anisidine Rand 1.66 g of phthalicacid R in
100 mL of methanol R; store the solution in darkness and in
a refrigerator to prevent it becoming discoloured; discard if
the solution becomes discoloured; heat the plate at
100 ± 2 °C for 15 min and examine immediately against a
dark background.

System su£tab£l£ty 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:
- sum of impurities H and I: any spot is not more intense

than the spot due to fructose obtained with reference
solution (b) (0.1 per cent).

Related substances
Thin-layer chromatography (2.2.27).

Test solution Dissolve 1.0 g of the substance to be examined
in methanolR and dilute to 10.0 mL with the same solvent.

Reference solution (a) Dilute 0.5 mL of the test solution to
100.0 mL with methanol R.

Reference solution (b) Dissolve the contents of a vial of
sucralose impurityB CRS in 1.0 mL of the test solution.

Plate TLC octadecylsilyl silica gelplate R.

Mobzle phase acetonitrile R, 50 gIL solution of sodium
chloride R (30:70 V/V).

Application 5 j.tL.

Development Over 3/4 of the plate.

Drying In air.

Detection Spray with a 15 per cent V/V solution of 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 = about 0.45;
impurity F =about 0.67; impurity G =about 0.70;
impurity E = about 0.72; impurity D = about 0.8.

System su£tab£l£ty Reference solution (b):

56038-13-2397.6

H;)-O,
\L.()

CI\jOHO
HO

CI
OH

Action and use
Sweetening agent.

DEFINITION
1,6-Dichloro-l ,6-dideoxy-[3-o-fructofuranosyl 4-chloro-4
deoxy-c-n-galactopyranoside,

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
\Vh:ite or almost white, crystalline powder.

ROb
OR__ ~ RO

:; __~O~RO0
RO

OR
OR

Sucrose octasulfate
Liquid chromatography (2.2.29) as described in the test for
impurity A with the following modifications.

Mob£le phase 132 giL solution of ammonium sulfate R,
adjusted to pH 3.5 with phosphoric add R.

Injection Test solution and reference solution (a).

Calculate the percentage content of C12H14035SS taking into
account the assigned content of potassium sucrose
octasulfate CRS and by multiplying the potassium sucrose
oetasulfate content by 0.757.

IMPURITIES
Specified impurities A.

Sucralose

A. ~-D-fruetofuranosyl-Cl-D-glucopyranoside heptakis
(hydrogensulfate) .

R=S03H

and H in a 7 to 1 ratio

Titrate the excess of sodium edetate with 0.1 M zinc sulfate
until the colour changes to pink.

1 mL of 0.1 JVI sodium edetate is equivalent to 2.698 mg of
AI.
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- the chromatogram shows 2 clearly separated spots due to
impurity B and 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 (2.5.12)
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).

Testsolution Dissolve 0.25 g of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

Reference solution Dissolve 0.25 g of sucralose CRS in the
mobile phase and dilute to 25.0 mL with the mobile phase.

Column:
- size: 1= 0.10 m, 0 = 4.6 mID;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.lIIl).

Mobile phase acetonitrile R, waterR (15:85 VIV).
Flow rate 1.5 mUmin.

Detection Refractometer maintained at a constant
temperature.

Injection 20 ~.

Retention time Sucralose = about 3 min.

System suitability Reference solution:
- symmetryfactor: maximum 2.0 for the peak due to

sucralose.

Calculate the percentage content of C12H19ChOs taking into
account the assigned content of sucralose CRS.

IMPURITIES
Specified impurities A, B;, D;, E, F, G, H, 1.

H3CyO.~o CI 0

OH

CI\jOH
O

HO

CI
OH

A. 1,6-dichloro-I,6-dideoXY-~-D-fructofuranosyl6-0-acetyl-4
chloro-a-deoxy-c-o-galactopyranoside (6-0
acetylsucralose),

CI~O
OH

HO

CI\jOH
O

HO

CI
OH

B. 1,6-dichloro-I,6-dideoXY-~-D-fructofuranosyl6-chloro-6
deoxy-a.-D-glucopyranoside (1',6,6'-trichloro-l ' ,6,6' 
trideoxysucrose),

2020

";~o,
~

H°\§LoOH
O

HO

cr
OH

D. l-chloro-l-deoxy-f-n-fructofuranosyl 4-chloro-4-deoxy-a.
D-galactopyranoside (1',4-dichloro-I',4
dideoxygalaetosucrose),

"0-0,
~

CI\§LoOH
O

HO

OH
OH

E. 6-ch1oro-6-deoxy-~-D-fructofuranosyl 4-chloro-4-deoxy-a.
D-galaetopyranoside (4,6'-dichloro-4,6'
dideoxygalactosucrose),

"~~o,
HN:.()

Cl\§LoH
O

HO

CI
OH

F. I,6-dich1oro-I,6-dideoxy-~-D-fructofuranosyl c-o
glucopyranoside (1',6'-dichloro-I ' ,6'-dideoxysucrose),

Ci. 3,6-anhydro-I-chIoro-I-deoXY-~-D-fruetofUranosyl
4-chIoro-4-deoxy-a.-D-galaetopyranoside (3',6'-anhydro
I',4-dichIoro-I',4-dideoxygalaetosucrose),

CI~OuJH

~I CI
OH

H. I,6-dichloro-l,6-dideoxy-~-D-fructofuranose,
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____________________ PhEur

PhEtr _

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.

+Colour value
Maximum 45.

Dissolve 50.0 gin 50.0 mL of waterR. Mix, filter (diameter
of pores 0.45 urn) and degas. Measure the absorbance
(2.2.25) at 420 nm, using a minimum path length of 4 em (a
path length of 10 em or more is preferred).

Calculate the colour value using the following expression:

A x 1000
b x c

of methanolR and dilute to 20 mL with the same mixture of
solvents.

Plate TLC silica gel G plateR.

Mobilephase cold saturated boric acid solution R,
60 per cent VIV solution of glacial acetic acid R, anhydrous
ethanolR, acetone R, ethylacetate R
(10:15:20:60:60 VIVIVIVIV).

Application 2 j.tL.

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 thymol R in a
mixture of 5 mL of sulfuric acid R and 95 mL of ethanol
(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).

e. Dilute 1 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 solution Rand 2 mL of freshly
prepared dilute 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 acid R and boil for
1 min. Add 4 mL of dilute sodium hydroxide solution R.
An orange precipitate is formed immediately.+
TESTS
Soluv.u 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 IlS·cm-1 at 20 "C.

Dissolve 31.3 g in carbon dioxide-free water R prepared from
distilled water R and dilute to 100 mL with the same solvent.
Measure the conductivity of the solution (C1), while gently
stirring with a magnetic stirrer, and that of the water used for
preparing the solution (Cz) . 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:

57-50-1342.3

HO~O
OH

HO

HO~OHO
HO

OH
OH

+CHARACTERS
Appearance
White or almost white, crystalline powder, or lustrous,
colourless or white or almost white crystals.

Solubility
Very soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in anhydrous ethanol.

IDENTIFICATION
First iiJemification: A.

Second identification: BJ C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sucrose CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in a mixture of 2 volumes of waterRand
3 volumes of methanolR and dilute to 20 mL with the same
mixture of solvents.

Reference solution (a) Dissolve 10 mg of sucrose CRS in a
mixture of 2 volumes of water Rand 3 volumes of methanolR
and dilute to 20 mL with the same mixture of solvents.

Reference solution (b) Dissolve 10 mg ofjructoseR, 10 mg of
glucose R, 10 mg of lactose monohydrate Rand 10 mg of
sucrose R in a mixture of 2 volumes of water Rand 3 volumes

H:~O
OH

OH
OH

DEFINITION
~-D-Fruetofuranosyl«-n-glucopyranoside.

It contains no additives.

Refined Sugar

(Ph. Eur. monograph 0204)

Ae1ion and use
Sweetening agent.

Preparation
Syrup

Sucmse1

1. 4-chIoro-4-deoxy-ex.-o-galactopyranose.

1 This monograph has undergone pharmacopoeial harmonisation.
See chapter5.8 Pharmacopoeial harmonisation.
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A absorbance measured. at 420 nID.;
b path length in centimetres;

concentration of the solution, in grams per millilitre, calculated
from the refractive index (2.2.6) of the solution; use
Table 0204.-1 and interpolate the values if necessary.

Table 0204.-1

c
(g1mL)

2020

Bacterial endotoxins (2.6.14)
Less than 0.25 ill/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.
_____________________ PhEur

1.4138

1.4159

1.4179

1.4200

1.4221

1.4243

1.4264

0.570

0.585

0.600

0.615

0.630

0.645

0.661

Syrup
Syrup

(Liquid Sucrose, Ph. Bur. monograph 2797)

Systemsuitability:
- repeatability: the absolute difference between 2 results is

not greater than 3.•

Dextrins
If intended.for use in the manufacture of large-volume
parenteral preparations, it complies with the test for.dextrins.
To 2 mL of solution S add 8 mL of waterR, 0.05 mL of
dilute hydrochloric 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 mm long
and 16 mm in diameter add 5 mL of waterR, 1.0 mL of
1 M sodium hydroxide and 1.0 mL of a 1 gIL solution of
methylene blue R. Mix and place in a water-bath. After exactly
2 min, take the tube out of the bath 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 SOz.

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
turn is reduced by nicotinamide-adenine dinucleotide
peroxidase in the presence of reduced nicotinamide-adenine
dinucleotide (NADH). The amount ofNADH oxidised is
proportional to the amount of sulfite.

Testsolution Dissolve 4.0 g of the substance to be examined
in freshly prepared distilled waterR and dilute to 10.0 mL
with the same solvent.

Reference solution Dissolve 4.0 g of the substance to be
examined in freshly prepared distilled waterR, add 0.5 mL of
sulfite standard solution (80 ppm SOJJ R and dilute to
10.0 mL with freshly prepared distilled waterR.
Blank 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 maximum at about 340 nm 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.

Loss on drying (2.2.32)
Maximum 0.1 per cent, determined on 2.000 g by drying in
an oven at 105 DC for 3 h.

PhEur _

DEFINITION
Aqueous solution of sucrose.

Content
- dry matter: 66.0 per cent m/m to 67.5 per cent m/m.

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 waterR. Dilute 1 mL of the
solution to 100 mL with waterR. To 5 mL of this solution
add 0.15 mL of freshly prepared copper sulf~te solution Rand
2 mL of freshly prepared dilute 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 1 min. Add 4 mL of dilute sodium hydroxide
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 matter (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 run, using a minimum path
length of 5 em (a path length of 10 em or more is preferred).

Calculate the colour value using the following expression:

Ax 1000
bxc

A absorbance measured at 420 run;
b path length, in centimetres;

concentration of the solution obtained, in grams per millilitre,
calculated from the refractive index (2.2.6) of the solution; use
Table 2797.-1 and interpolate the values if necessary.
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Table 2797.-1

System suitability:
- repeatability: the absolute difference between 2 results is

not greater than 3.

Conductivity (2.2.38)
Maximum 35 JlS·cm-l 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 (Cl ) , while gently stirring with a
magnetic stirrer, and that of the water used for preparing the
solution (Cz). Tne readings must be stable within 1 per cent
over a period of30 ~?Calcu1ate 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 waterR.
Testsolution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with waterR.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
200.0 mL with waterR.

Reference solution (b) Dissolve 10.0 mg of raffinose
pentahydrate R (impurity A) and 14.0 mg of glucose R
(impurity C) in waterR 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 waterR.
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.
Precolumn:
- size: l =0.03 m, (2) =8.0 mm;
- stationary phase: strong cation-exchange resin (calcium

form) R (9 urn).

Column:
- size: l = 0.30 m, (2) = 7.8 rom;
- stationary phase: strong cation-exchange resin (calcium

form) R (9 urn);
- temperature: 80 ± 1°C.

Mobile phase waterfor chromatography R.

Flow rate 0.5 mlJmin.

Detection Differential refractometer maintained at a constant
temperature (about 40°C).

Injection 10 JlL of test solution (a) and reference
solutions (a) and (b).

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.

1.453478

1.455839

1.458217

1.460613

1.463026

65

66

67

68

69

Dry matter (per cent m/m)

Il\1PURITIES
Specified impurities C.

Table 2797.-2

Impurity A is present in sucrose obtained from sugar beet
and impurity B is present in sucrose obtained from sugar
cane.

Relative retention With reference to sucrose (retention
time =about 10 min): impurities A and B = about 0.9;
impurity C = about 1.2.

System suitabzlity Reference solution (b):
- peak-to-valley 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 sucrose;
minimum 2.5, where Hp =height above the baseline of
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 sucrose.

Calculation ofpercentage contents:
- for each impurity, use the concentration of sucrose in

reference solution (a).

Limits:
- impurityC: maximum 0.7 per cent;
- unspecified impurities: for each impurity, maximum

0.5 per cent;
- total: maximum 2.0 per cent;
- reporting threshold: 0.05 per cent.

Sulfites
Maximum 10 ppm, calculated as S02'

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
turn is reduced by nicotinamide-adenine dinucleotide
peroxidase in the presence of reduced nicotinamide-adenine
dinucleotide (NADH). The amount ofNADH oxidised is
proportional to the amount of sulfite.

Test solution Dilute 4.0 g of the substance to be examined
to 10.0 mL with freshly prepared distilled waterR.

Reference solution To 4.0 g of the substance to be examined
add 0.5 mL of sulfite standard solution (80 ppm SOJJ Rand
dilute to 10.0 mL with freshly prepared distilled water R.
Blank solution Freshly prepared distilled water R.
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 nm 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.

0.570

0.585

0.600

0.615

0.630

0.645

0.661

c (g/mL)

1.4138

1.4159

1.4179

1.4200

1.4221

1.4243

1.4264
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11-1010 Sucrose Monopalmitate

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are limitedby the general 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) A, B, D.

::~OH

OHO~o
OH

HO

HO\jOH
O

HO

OH
OH

A. ~-D-fructofuranosyl a.-o-galaetopyranosyl-(l ~6)-a.-o
glucopyranoside (raffinose),

HO

OH

HO

HO\jOH
O

HO

OH
OH

B. ~-o-fructofuranosyl a.-o-glucopyranosyl-(l ~6)-a.-n
glucopyranoside (theanderose),

HO~O, OH

H~
OH

C. n-glucopyranose (glucose),

~
OH

HO
HO 'OH

OH

D. n-arabino-hex-2-ulopyranose (fructose).
_____________________ PhEur

2020

Sucrose Monopalmitate
(Ph. Bur. monograph 2319)
PhEur _

DEFINITION
Mixture of sucrose monoesters, mainly sucrose
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 triesters 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 1 volume of water Rand
2 volumes of 2-propanol R as solvent and heat gently.

Composition of fatty acids (2.4.22, MethodC)
Use the mixture of calibrating substances in Table 2.4.22.-1.

Composition of thefatty-acid fraction of the substance:
- lauric acid: maximum 3.0 per cent;
- myristic acid: maximum 3.0 per cent;
- palmitic acid: 70.0 per cent to 85.0 per-cent;
- stearic acid: 10.0 per cent to 25.0 per cent;
- sum of the contents ofpalmitic acidand stearic add:

minimum 90.0 per cent.

Free sucrose
Liquid chromatography (2.2.29).

Solvent mixture waterfor chromatography R, tetrahydrofuran
for chromatography R (12.5:87.5 VIV).

Testsolution 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 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 mm;
- stationary phase: spherical aminopropylsilyl silica gelfor

chromatography R (4 urn).

Mobile phase:
- mobile phase A: 0.01 gIL solution of ammonium acetate R

in acetonitrile for chromatography R;
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- diesters: calculate the percentage content of diesters using
the following expression:

- mobilephaseB: 0.01 gIL solution of ammonium acetate R
in a mixture of 10 volumes of waterfor chromatography R
and 90 volumes of tetrahydrofuran for chromatography R;

Time Mobile phase A Mobile phase B Flow rate
(min) (per cent VIV) (per cent VIJ!) (mLImin)

0-1 100 0 1.0

1 - 9 100 ...... 0 0 ...... 100 1.0

9 - 16 0 100 1.0

16 - 16.01 0 100 1.0 ...... 2.5

16.01 - 32 0 100 2.5

A
B
C
X
y
Z

[ X (100 - A - B)] - C
X+y+Z

percentage content of free sucrose (see Tests);
percentage content of water (see Tests);
percentage content of free fatty acids;
area of the peak due to monoesters and free fatty acids;
area of the peak due to diesters;
area of the peak due to triesters and polyesters.

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 suitability criterion:
- carrier gas: nitrogen R;
- flow rate: 1.0 mlJmin;
- evaporator temperature: 45°C;
- nebuliser temperature: 40°C.

Injection 20~.

Retention time About 26 min.
System suitability Reference solution (a):
- signal-to-noise ratio: minimum 10.

Limit Maximum 4.0 per cent.

Water (2.5.12)
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.

Test solution Dissolve 60.0 mg of the substance to be
examined in tetrahydrofuran R and dilute to 4.0 mL with the
same solvent.

Column:
--size: I = 0.6 m, (2) = 7 rnm;
- stationary phase: styrene-divinylbenzene copolymer R (5 urn)

with a pore size of 10 run.

Mobilephase: tetrahydrofuran R.

Flow rate 1.2 mlJmin.

Detection Differential refractometer.

Injection 20~.

Relative retention 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;
- freefatty acids: calculate the percentage content of free

fatty acids (C), using the following expression:

iAx256
56.11 x 10

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 the percentage content of monoesters
using the following expression:

y
X + Y +Z (100 - A - B)

- sum of triesters and polyesters: calculate the sum of the
percentage contents of triesters and polyesters using the
following expression:

z
X + Y +Z (100 - A - B)

STORAGE
Protected from humidity.
____~ PhEur

Sucrose Stearate
(Ph. Bur. monograph 2318)

PhEur _

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:
- monoesters: minimum 50.0 per cent;
- diesters: maximum 40.0 per cent;
- sum of triesters and polyesters: maximum 25.0 per cent;

Sucrose stearate type II:
- monoesters: 20.0 per cent to 45.0 per cent;
- diesters: 30.0 per cent to 40.0 per cent;
- sum of triesters and polyesters: maximum 30.0 per cent;

Sucrose stearate type III:
- monoesters: 15.0 per cent to 25.0 per cent;
- diesters: 30.0 per cent to 45.0 per cent;
- sum of triesters and polyesters: 35.0 per cent to

50.0 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.
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TESTS
Acid value (2.5.1)
Maximum 6.0, determined on 3.00 g.

Use a freshly neutralised mixture of 1 volume of waterR and
2 volumes of 2-propanol 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 thefatty-add fraction of the substance:
- lauric acid: maximum 3.0 per cent;
- myristic add: maximum 3.0 per cent;
- palmiticacid: 25.0 per cent to 40.0 per cent;
- stearic acid: 55.0 per cent to 75.0 per cent;
- sum of the contents of palmitic acid and stearic acid:

minimum 90.0 per cent.

Free sucrose
Liquid chromatography (2.2.29).

Solvent mixture waterfor chromatography R, tetrahydrofuran
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 mLwith .
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 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: l =0.25 m, 0 ;.: 4.6 mrn;
- stationary phase: spherical aminopropylsilyl silica gelfor

chromatography R (4 um),

Mobile phase:
- mobile phaseA: 0.01 gIL solution of ammonium acetate R

in acetonitrile for chromatography R;
- mobile phaseB: 0.01 gIL solution of ammonium acetate R

in a mixture of 10 volumes of waterfor chromatography R
and 90 volumes of tetrahydrofuran for chromatography R;

Time Mobile phase A Mobile phase B Flow rate
(min) (per cent VJll) (per cent VI1/) (mLImin)

0-1 100 a 1.0

1 - 9 100 .... 0 0 .... 100 1.0

9 - 16 a 100 1.0

16 - 16.01 a 100 1.0 .... 2.5

16.01 - 32 a 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 suitability criterion:
- carrier gas: nitrogen R;
- flow rate: 1.0 mL/min;
- evaporator temperature: 45 "C;
- nebuliser temperature: 40 "C.

Injection 20 ilL.
Retention time About 26 min.

System suitabz1ity Reference solution (a):
- signal-to-noise ratio: minimum 10.

Limit:
- sucrose: maximum 4.0 per cent.

2020

'Vater (2.5.12)
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.

Test solution Dissolve 60.0 mg of the substance to be
examined in tetrahydrofuran R and dilute to 4.0 mL with the
same solvent.

Column:
- size: l = 0.6 m, 0 = 7 mm;
- stationary phase: styrene-dioinylbenzene copolymer R (5 urn)

with a pore size of 10 nm.

Mobilephase tetrahydrofuran R.

Flo'lV rate 1.2 mL/min.

Detection Differential refractometer.

Injection 20 ilL.
Relative retention With reference to monoesters (retention
time = about 13 min): diesters = about 0.94; triesters and
polyesters = about 0.92.

Calculations:
- disregard limit: disregard the peaks having a signal-to-noise

ratio less than 10;
- free fatty acids: calculate the percentage content of free

fatty acids (C) using the following expression:

I A x284

56.11 x 10

fA acid value (see Tests);
284 rounded molar mass of stearic acid, in grams per mole;
56.11 molar mass of potassium hydroxide, in grams per mole.

- monoesters: calculate the percentage content of monoesters
using the following expression:

[ X. (100 - 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 monoesters and free fatty acids;
Y area of the peak due to diesters;
Z area of the peak due to triesters and polyesters.

- diesters: calculate the percentage content of diesters using
the following expression:

Y
X + Y +Z (100 - A - B)

- sum of triesters and polyesters: calculate the sum of the
percentage contents of triesters and polyesters using the
following expression:

Z
X + Y + Z (100 - A - B)

LABELLING
TI1e label states the type of sucrose stearate (type I, II or Ill).

STORAGE
Protected from humidity.
______________________ PhEur
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Sufentanil Time
(min)

Mobile phase A
(per cent VIV)

Mobile phase B
(per cent VIJI)

(Ph. Bur. monograph 1569)
0-15

15 - 20

90 -> 40

40

10 -> 60

60

PhEur _

ASSAY
Dissolve 0.300 g in 50 mL of a mixture of 1 volume of
anhydrousacetic acid Rand 7 volumes of methyl ethyl ketone R
and titrate with 0.1 M perchloric acid, using 0.2 mL of
naphtholbenzein solution R as indicator.

1 mL of 0.1 M perchloric acid is equivalent to 38.66 mg
of Cz2H3oN'zOzS.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities D, F, H.

Other detectable impurities (the following substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimitedby 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 for pharmaceutical use) A, B, C, B, G, ,1.

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 220 run.

Injection 10 IJL.
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:
- impurities 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 with reference solution (b)
(0.5 per cent);

- disregard limit: 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-(methoxyrnethyl)piperidin-4-yl]-N
phenylpropanamide,

56030-54-7386.6

Action and use
Opioid receptor agonist; analgesic.

DEFINITION
N- [4-(Methoxymethyl)-I-[2-(thiophen-2-yl)ethyl]piperidin-4
yl]-N-phenylpropanynide.

Content "~"

99.0 per cent to 101i.n 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.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of sufentanil.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

Dissolve 0.10 g in methanol R and dilute to 20 rnL 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 acid 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 methanolR. 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.

Column:
- size: l =0.1 m, (2) = 4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(311m).

Mobilephase:
- mobile phaseA: 5 gIL solution of ammonium carbonate R in

a mixture of 10 volumes of tetrahydrofuran Rand
90 volumes of water R;

- mobile phase B: acetonitrile R;
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B. czs-4~(methoxymethyl)-4-(phenylpropanoylamino)-1-[2
(thiophen-2-yl) ethyl]piperidine l-oxide,

1. trans-4-(methoxymethyl)-4-(phenylpropanoylamino)-1-[2
(thiophen-2-yl) ethyl]piperidine l-oxide.

___________________ PhEur

(Ph. Bur. monograph 1269)

60561-17-3

,C:'H
(OH

COzH

578.7

SufentaniI Citrate

Q~ I 0
,17~s/HN e

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, Action and use

Opioid receptor agonist; analgesic.

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-phenylpropanarnide,

G. [4-(phenylpropanoylamino)-I-[2-(thiophen-2-yl)ethyl]
piperidin-4-yl]methyl propanoate,

H. N- [4-(methoxymethyl)-1-[2-(thiophen-2-yl)ethyl]
piperidin-4-yl]-N-phenylbutanamide,

PhEur _

DEFINITION
N- [4-(Methoxymethyl)-1-[2-(&;ophen-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. Bur. reference spectrum of sufenianil citrate.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless
(2.2.2, MethodII).
Dissolve 0.2 g in waterR and dilute to 20 mL with the same
solvent.

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) In order to produce impurity E in situ,
dissolve 10 mg of the substance to be examined in 10.0 mL
of dilute hydrochloric acidR. 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.
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ASSAY
Dissolve 0.400 g in 50 mL of a mixture of 1 volume of
anhydrous acetic acid R and 7 volumes of methylethyl ketone R
and titrate with 0.1 M perchloric acid, using 0.2 mL of
naphtholbenzein solution R as indicator.

1 mL of 0.1 M perchloric acid is equivalent to 57.87 mg
of C2sH3SNzOgS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, G, D, E, F, G, H, 1.

F. N- [4-(methoxymethyl)-I-[2-(thiophen-3-yl)ethyl]
piperidin-4-yl] -N-phenylpropanamide,

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,

B. cis-4-(methoxymethyl)-4-(phenylpropanoylamino)-1- [2
(thiophen-2-yl)ethyl]piperidine I-oxide,

E. 4-(methoxymethyl)-N-phenyl-l- [2-(thiophen-2-yl)ethyl]
piperidin-4-amine,

A. N- [4-(methoxymethyl)piperidin-4-yIFN
phenylpropanamide,

10 -+ 60

60

Mobile phase B
(per cent VIP)

90 -+ 40

40

Mobile phase A
(per cent Vfl')

Time
(min)

0-15

15 - 20

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 220 nm.
Injection 1a ~.
Relative retention With reference to sufentanil (retention
time = about 13 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 suitabzlity 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 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)
(l 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 retention time
relative to sufentanil of 0.05 or less.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 DC.

Reference solution (b) Dilute 5.0 mL of the test solution to

100.0 mL with methanol R. Dilute 1.0 m.L ofthis solution to
10.0 mL with methanol R.

Column:
- size: 1= 0.1 m, (2) =4.6 mm;
- stationary phase: octadecylsiIyl silica gelfor chromatography R

(3 urn).

Mobile phase:
- mobile phaseA: 5 g/L solution of ammonium carbonate R in

a mixture of 10 volumes of tetrahydrofuran R and
90 volumes of waterR;

- mobile phase B: acetonitrile R;
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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,

1. trans-4-(methoxymethyl)-4-(phenylpropanoylamino)-1-[2
(thiophen-z-yl) ethyl]piperidine l-oxide.

____________________ PhEur

Compressible Sugar
Action and use
Excipient.

DEFINITION
Compressible Sugar contains Sucrose and maltodextrin or
dried glucose syrup. It contains 95.0 to 98.0% of Sucrose
and 2 to 5% of dried glucose syrup or maltodextrin. It may
contain a suitable lubricant, invert sugar or suitable colouring
matter.

CHARACTERISTICS
Dry free-flowing powder or microcrystalline agglomerates.

Very soluble in water.

Dissolve 20 g in 80 mL of water, dilute to 100 mL with water
and filter (solution S).

IDENTIFICATION
A. The infrared absorption spectrum, Appendix ITA, 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 than 62.6 and the acid
inverted solution is laevorotatory.

TESTS
Conductivity
Not more than 35 IlS·cm-\ Appendix V 0. Dissolve 31.3 g
in carbon dioxide-free waterprepared from distilled water and
dilute to 100 mL with the same solvent. Measure the
conductivity of the solution (C1), while gently stirring with a
magnetic stirrer, and that of the water used for preparing the
solution (Cz). The readings must be stable within 1% over a
period of 30 seconds. Calculate the conductivity of the

2020

solution of the substance being examined from the expression
C1-O.35Cz.

Calcium
Add 1 mL of ammonium oxalate to 5 mL of solution S.
The solution remains clear for not less than 1 minute.

Lead
Not more than 0.5 ppm ofPb when determined by atomic
absorption spectrometry, Appendix IT D, Method IT, using an
apparatus equipped with a graphite furnace and the following
solution. Dissolve 50 mg in 0.5 mL of lead-free nitric acidin a
polyfiuorocarbon-lined digestion bomb and heat at 150° 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° and the atomising temperature at 2100°.

Chloride
2 mL of solution S diluted to 15 mL with water complies
with the limit test for chlorides, Appendix VII (125 ppm).

Sulfate
7.5 mL of solution S diluted to 15 mL with water complies
with the limi: test for sulfates, Appendix VII (100 ppm).

Loss on drying
When dried at 105° for 4 hours, loses 0.25 to 1.0% of its
weight. Use 1 g.

ASSAY
To 26 g of the substance being examined, previously dried,
add 0.3 mL of a saturated aqueous solution of leadiu) acetate
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 8 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°, continuously shake for
3 minutes and allow the flask to stand in the water bath for a
further 7 minutes. Immediately cool to 20° and dilute the
solution with waterto 50 mL and mix. Cool the contents of
the second flask to 20°, dilute with water to volume and mix.
Maintain both flasks at 20° for 30 minutes. Determine the
specific optical rotation, Appendix V F, of each solution at 20°.
Calculate the percentage of C1zHzzOn using the expression
100(ao _aJ/88.3 where ao and a, are the specific optical
rotations of the uninverted and acid-inverted solutions
respectively.

Sugar Spheres
(Ph. Bur. monograph 1570)

Action and use
Excipient.

PhEur _

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 usually
from 200 urn to 2000 11m and the upper and lower limits of
the size of the sugar spheres are stated on the label.
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PhEur _

____________________ PhEur

(ph. Eur. monograph 2209)

. 69388-84-7255.2

H

O\-~{':
'-t-s CH3

H I/~O
o

Action and use
Beta-lactam antibacterial.

DEFINITION
Sodium (2S,5R)-3,3-dimethyl-7-oxo-4-thia-1-azabicydo
[3.2.0]heptane-2-carboxylate 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 almost white, hygroscopic, crystalline powder.

Solubility
Freely soluble 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 sodium (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1).

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

Absorbance (2.2.25)
Maximum 0.10 at 430 nm.

Sulbactam Sodium

66.5 x I x m x (100 - H)

ASSAY
Sucrose content
Weigh 10.000 g of ground sugar spheres in a 100 mL flask
and make up to 100.0 mL with waterR. Stir and decant.
Filter under vacuum to obtain a clear solution (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:

LABELLING
The label states the upper and the lower limits of the size of
the sugar spheres.

(J. angle of rotation;
length of the polarimeter tube, in decimetres;

m exact mass of the sample, in grams;
H loss on drying.

IDENTIFICATION
A. Examine by thin-layer chromatography (2.2.27), using a
TLC silica gel G plateR.

Solvent mixture waterR, methanol R (2:3 VIV).
Test solution Mix 2 mL of solution S (see Tests) with 3 mL
of methanolR and dilute to 20 mL with the solvent mixture.

Reference solution (a) Dissolve 10 mg of sucrose CRS in the
solvent mixture and dilute to 20 mL with the solvent
mixture.

Reference solution (b) Dissolve 10 mg ofjructoseR, 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
solvent mixture.

Apply to the plate 2 ul, of each solution and thoroughly dry
the points of application. Develop over a path of 15 em using
a mixture of10 volumes of waterR, 15 volumes of
methanol R, 25 volumes of anhydrous acetic acid Rand
50 volumes of ethylene chloride R, measured accurately as a
slight excess of water causes cloudiness of the solution.
Dry the plate in a clkrent of warm 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 thymolR in a mixture of 5 volumes of
sulfuric acidRand 95 volumes of ethanol (96 per cent) 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 the 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 sulfate solution Rand 2 mL of freshly prepared dilute
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 1 min. Add 4 mL of
dilute sodium hydroxide 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 waterR
and shake until the sucrose is dissolved. Dilute to 100.0 mL
with waterR. Filter under vacuum to obtain 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 cent, 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
TAM.C: 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).
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Dissolve 1.0 g in waterR and dilute to 100.0 mL with the
same solvent.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 215 nm.

Injection 20 ul, of the test solution, solution B and reference
solutions (b), (d) and (e).

Identification of impurities Use the chromatogram supplied
with sulbactam for peak identification CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities A, C, D, E and F; use the

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 water R 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 waterR and dilute to 50.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Solution A 2.72 gIL solution of potassium dihydrogen
phosphate R adjusted to pH 4.0 with dilute phosphoric acidR.

Solution B Dilute 2 mL of acetonitrile R1 to 100.0 mL with
solution A.

Test solution Suspend 77.0 mg of the substance to be
examined in 2 mL of acetonitrile R1, sonicate for about 5 min
and dilute to 100.0 mL with solution A.

Reference solution (a) Suspend 70.0 mg of sulbactam CRS in
2 mL of acetonitrile R1, sonicate for about 5 min and dilute
to 100.0 mL with solution A.

Reference solution (b) Dilute 1.0 mL of-reference solution (a)
to 100.0 mL with solution B. Dilute 1.0 mL of this solution
to 10.0 mL with solution B.

Reference solution (c) Dissolve 15.0 mg of 6-aminopenicillanic
acidR (impurity B) in solution A and dilute to 50.0 mL with
solution A.

Reference scluiie« (d) Mix ImL of reference solution (a)
and 1 ..hL of reference solution (c) and dilute to 25.0 mL
with solution B.

Reference solution (e) Dissolve 8 mg of sulbactam for peak
identification CRS (containing impurities A, C, D, E and F)
in 1 mL of acetonitrile R1, sonicate for about 5 min and
dilute to 10 mL with solution B.
Column:
- size: l = 0.10 m, (2) = 4.0 rom;
- stationary phase: end-capped octadecylsily! silica gelfor

chromatography R (3.0 1Jll1);
- temperature: 40 DC.

Mobile phase:
- mobile phase A: 5.44 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 4.0 with dilute phosphoric
acidR;

- mobile phase B: mobile phase A, acetonitrile Rl
(40:60 V/V);

STORAGE
In an airtight container. If the substance is sterile, store in a
sterile, the container is also sterile and tamper-proof.

IMPURITIES
Specified impurities A~ B, C~ D~ E~ F.
Otherdetectable impurities (thefollowing substances tuould, if
present at a sufficient leoel, bedetected by oneorother of the tests
in the monograph. They arelimited 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) G.

A. (2S)-2-amino-3-methyl- 3-sulfinobutanoic acid,

chromatogram obtained with reference solution (d) to
identify the peak due to impurity B.
Relativeretention 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 suitabz7ity Reference solution (d):
- resolution: minimum 5.0 between the peaks due to

impurity Band sulbactam.

Calculation of percentage contents:
- correction factors: multiply the peak areas of the following

impurities by the 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 sulbactam in
reference solution (b).

Limits:
- impurity 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;
- total: 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 cent, determined on 1.00 g.

Bacterial endotoxins (2.6.14~ MethodA)
Less than 0.17 IV/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 CSHlONNaOsS taking
into account the assigned content of sulbactam CRS and a
conversion factor of 1.094.

2

2 ~ 50

50

Mobile phase B
(per cent VIJI)

98

98 ~ 50

50

Mobile phase A
(per cent V/f/)

Time
(min)

0-2.0

2.0 - 9.5

9.5 - 12.0
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B. (2S,5R,6R)-6-amino-3,3-dimethyl-7 -oxo-4-thia-l
azabicyclo[3.2.0]heptane-2-carboxylic acid
(6-aminopenicillanic acid),

e. (2S,5R,6R)-6-bromo-3,3-dimethyl-7-oxo-I-thia-l
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide
(6-bromopenicillanic acid sulfone),

D. (2S,5R,6R)-6-bromo-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo[3.2.0]heptane-2-carboxylic acid
(6-bromopenicillanic acid),

H

O. XCOzH

-\-~- )<CH3

Br-ti-s CH3

Br H II "oo

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
(6,6-dibromopenici1lanic acid sulfone),

F. (2S,5R)-6,6-dibromo-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo[3.2.0]heptane-2-carboxylic acid (6,6
dibromopenicillanic acid),

G. (2S)-2-[[(2E)-2-carboxyethenyl]amino]-3-methyl-3
sulfinobutanoic acid.

____________________ PhEur

Sulfacetamide Sodium 11-1019

Sulfacetamide Sodium
Soluble Sulfacetamide

(Ph. Bur. monograph 0107)

o 0 0

D
\S~N)lcH H0

I I 3, 2

~ Na
H2N

Action and use
Sulfonamide antibacterial.

PhEur _

DEFINITION
Sodium acetyl[(4-aminophenyl)sulfonyl]azanide
monohydrate.

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

CHARACTERS
Appearance
White or yellowish-white, crystalline powder.

Solubility
Freely soluble in water, slighdy soluble in anhydrous ethanol.

IDENTIFICATION
Firstidentification: B~ F.
Secondidentification: A~ C, E, F.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

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 buffersolution pH 7.0 R.

Spectral range 230-350 nm.

Absorption maximum At 255 nm.

Specific absorbance at the absorption maximum 660 to 720
(anhydrous substance).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sulfacetamide sodium CRS.
e. Melting point (2.2.14): 181 -c to 185 -c,
Dissolve I g in 10 mL of water R, add 6 mL of dilute acetic
acidR and filter. Wash the precipitate with a small quantity
of waterR and dry at 100-105 "C for 4 h.

E. Dissolve about I mg of the precipitate obtained in
identification C, with heating, in 1 mL of water R.
The solution gives the reaction of primary aromatic amines
(2.3.1) with formation of an orange-red precipitate.

F. Solution S (see Tests) gives the reactions of sodium
(2.3.1).

TESTS
Solution S
Dissolve 1.25 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
than reference solution GY4 (2.2.2, MethodII).

pH (2.2.3)
8.0 to 9.5 for solution S.
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PhEur _

68-35-9250.3

(Ph. Bur. monograph 0294)

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.

D. 4,4'-sulfonyldianiline (dapsone).

Sulfadiazine

C. N- [[4-(acetylamino)phenyl] sulfonyl]acetamide,

o 0 0

o OV/'N)l..CHI H 3

Hc)lN ~
3 H

B. N-(4-sulfamoylphenyl)acetamide,

A. 4-aminobenzenesulfonamide (sulfanilamide),

_____________________ PhEur

Other detectable impurities (the following substances 'Would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impurities and/or 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 for pharmaceutical use) B, C, D.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediatelybefore use and carry out the testprotected from light.

Test solution 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) Dissolve 5·mg of sulfacetamide
sodium CRS and 5 mg of sulfanilamide R (impurity A) 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 mobile phase.

Column:
- size: 1=0.125 m, 0 = 4 mm;
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography R (5 um),

Mobilephase glacialacetic acid R, methanolR, waterfor
chromatography R (1:10:89 V/V/V).
Flow rate 0.8 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 10 lJL.

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 suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurity A and sulfacetamide.

Limits:
- correction factor. for the calculation of the content, multiply

the peak area of impurity A by 0.5;
- impurityA: 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: 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).

Sulfates (2.4.13)
Maximum 200 ppm.

Dissolve 2.5 g in distilled water R and dilute to 25 mL with
the same solvent. Add 25 mL of dilute acetic acidR, shake for
30 min and filter. 15 rnL of the filtrate complies with the
limit test for sulfates.

Water (2.5.12)
6.0 per cent to 8.0 per cent, determined on 0.200 g.

ASSAY
Dissolve 0.500 g in a mixture of 50 mL of waterRand
20 mL of dilute hydrochloric acid R. Cool the solution in a
bath of iced water and carry out the determination of
primary aromatic amino-nitrogen (2.5.8), determining the
end-point eleetrometrically.

1 mL of 0.1 M sodium nitrite is equivalent to 23.62 mg
of CsHgNzNa03S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.
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Solubility
Practically insoluble in water, slightly soluble in acetone, very
slightly soluble in ethanol (96 per cent). It dissolves in
solutions of alkali hydroxides and in dilute mineral acids.

IDENTIFICATION
First identification: A.

Second identification: BJ CJ D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison sulfadiazine CRS.

B. Thin-layer chromatography (2.2.27).

Solvent mixture concentrated ammonia R, methanol R
(4:96 V/V)

Test solution 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.

PlateTLC silica g~I:F254 plateR.
Mobilephase dzluti ammonia R1, waterR, nitromethane R,
dioxanR (3:5:40:50 V/V/V/V).

Application 5 ~lL ,-:

Deoelopment Over
c3/4

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 g/L solution of
hydrochloric add R. 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 not more intensely coloured than reference
solution Ys, BYs or GYs (2.2.2, Method 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 carbon 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 solution R1. Not more than
0.2 mL of 0.1 M sodium hydroxide is required to change the
colour of the indicator.

Related substances
Liquid chromatography (2.2.29).

Solventmixture 40 gIL solution of sodium hydroxide R,
acetonitrile R, waterR (2:20:60 VIV/V).

Test solution Dissolve 50.0 mgof the substance to be
examined in the 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 add RV (impurity B)

Sulfadiazine 11-1021

in the solvent mixture and dilute to 10.0 mL with waterR.
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
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 the contents of a vial of
acetylsulfadiazine CRS (impurity E). in 1 mL of the mobile
phase.

Reference solution (d) Dissolve 5 mg of sulfadiazine for
identification of impurityF CRS in the solvent mixture and
dilute to 10.0 mL with water R.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase acetonitrile R, 2.8 g/L solution of phosphoric
add R (10:90 VIV).

Flow rate 1.2 mLlmin.

Detection Spectrophotometer at 260 urn.

Injection 20 ~L.

Run time 7 times the retention time of sulfadiazine.

Identification of impurities 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 peak due to impurity E;
use the chromatogram obtained with reference solution (d) to
identify the peak due to impurity F.

Relativeretention With 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 AJ 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);

- impurity E: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- impurity F: 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
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 peak in

the chromatogram obtained with 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.
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11-1022 Sulfadimethoxin 2020

122-11-2310.3

Action and use
Sulfonamide antibacterial.

(ph. Bur. monograph 2741)

Su!fadimethoxin

PhEur _

DEFINITION
4-Amino-N-(2,6-dimethoxypyrimidin-4-yl)benzene-1
sulfonamide.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
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 gin 25 mL of carbon dioxide-free water R. 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 waterfor 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 solution A.

Reference solution (a) Dissolve 20.0 mg of
sulfadimethoxine 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 mobile phase 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: l =0.25 m, (2) =4.6 mm;
- stationary phase: end-capped ethylene-bridged oetadecylsilyl

silica gelfor chromatography (hybrid material) R (5 urn);

C. [(4-aminophenyl)sulfonyl] guanidine (sulfaguanidine),

B. 4-aminobenzenesulfonic acid (sulfanilic acid),

A. pyrimidin-2-amine,

E. N- [4-(pyrimidin-2-ylsulfamoyl)phenyl] acetamide
(acetylsulfadiazine),

F. unknown structure.

ASSAY
Dissolve 0.200 g in a mixture of 20 mL of dilute hydrochloric
acidRand 50 mL of waterR. Cool the solution in iced
water. Carry out the determination of primary aromatic
amino-nitrogen (2.5.8), determining the end-point
e1ectrometrically.

1 mL of 0.1 M sodium nitrite is equivalent to 25.03 mg of
ClOHlON40ZS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, E, F.

Other detectable 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 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. Controlof impurities
in substances for pharmaceutical use) C, D.

____________________ PhEur

D" 4-aminobenzenesulfonamide (sulfanilamide),
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2020 Sulfadoxine II-I023

2447-57-6310.3

(Ph. Eur. monograph 0740)

Action and use
Sulfonamide antibacterial.

Sulfadoxine

F. 4-amino-N-(2-hydroxy-6-methoxypyrimidin-4-yl)benzene
I-sulfonamide.

D. 4-aminobenzene-1-sulfonic acid (sulfanilic acid),

E. 4-aminobenzene-1-sulfonamide (sulfanilamide),

e. 4-(acetylamino)benzene-I-sulfonic acid,

_____________________ PhEur

A. 2,6-dimethoxypyrimidin-4-amine,

B. N- [4-[(2,6-dimethoxypyrimidin-4-yl)sulfamoyl]
phenyl] acetamide,

therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, C, DJ E.

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per eeat V/JI)

0-10 100 0

10 - 30 100 -+ 0 0-+100

30 - 3S 0 100

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 254 nm.

Injection 10 ~ of the test solution and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram. supplied
with sulfadimethoxine for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the J?eaks due 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 suitability:
- resolution: minimum 2.5 between the peaks due to

sulfadimethoxine and impurity A in the chromatogram
obtained with reference solution (c);

- signal-to-noise ratio: minimum 40 for the principal peak in
the chromatogram obtained with reference solution (b).

Calculation of percentage contents:
- correction factors: multiply the peak areas 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: 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
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 e12Hl~404S taking
into account the assigned content of sulfadimethoxine CRS.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A, F.

Other detectable impurities (the following substances would, if
presentat a sufficient level, be detected 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 Substances for pharmaceutical use (2034). It is

- temperature: 25 "C.

Mobilephase:
- mobile phase A: methanolR, solution A (25:75 V/V);
- mobile phase B: methanolR, acetonitrile R, solution A

(25:35:40 V/V/V);
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11-1024 Sulfafurazole 2020

PhEur _

_____________________ PhEur

127-69-5267.3

Action and use
Sulfonamide antibacterial.

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.

(Ph. Bur. monograph 0741)

SuIfafurazoIe

Reference solution (b) Dilute 2.5 mL of test solution (b) to
100 mL with a mixture of 2 volumes of concentrated
ammonia R and 48 volumes of methanol R.
Apply to the plate 5 ul, of each solution. Develop over a
path of 15 em using a mixture of 3 volumes of dilute
ammoniaRl, 5 volumes of water R, 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 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).

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 (2.5.8), using 0.250 g and determining the
end-point eleetrometrically.

1 mL of 0.1 M sodium nitrite is equivalent to 31.03 mg of
C12Hl~404S,

STORAGE
Store protected from light.

CHARACTERS
White 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
Firstidentification: A, C.

Second identification: B, C, D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
sulfafurazole CRS. Examine the substances prepared as discs.

PhEur _

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.

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°C, with decomposition.

IDENTIFICATION
First identification: A, C.

Second identification: B, C, D.

A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
sulfadoxine CRS. Examine the substances prepared as discs.

B. Examine the chromatograms obtained in the test for
related substances. The principal spot in thechromatogram
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 gin 1 mL of a 40 per cent V/V solution of
sulfuric acidR, heating gently. Continue heating until a
crystalline precipitate appears (about 2 min). Allow to cool
and add 10 mL of dilutesodium hydroxide solution R. Cool
again. Add 25 rnL of ether R and shake for 5 min. Separate
the ether layer, dry over anhydrous sodium sulfate R 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 DC.

D. Dissolve about 5 mg in 10 mL of 1 M hydrochloric add.
Dilute 1 mL 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 1.0 g in a mixture of 5 mL of dilute sodium hydroxide
solution Rand 5 mL of mater R. The solution is not more
intensely coloured than reference solution Ys, BYs or GYs
(2.2.2, Nlethod Il).

Acidity
To 1.25 g, finely powdered, add 25 mL.of carbon 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 solution Rl. 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
gelGF254 R as the coating substance.

Test solution (a) Dissolve 0.10 g of the substance to be
examined in 3 rnL 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.

Test solution (b) Dilute 1 mL of test solution (a) to 5 mL
with a mixture of 2 volumes of concentrated ammonia Rand
48 volumes of methanolR.

Reference solution (a) Dissolve 20 mg of sulfadoxine 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.
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2020 Sulfaguanidine 11-1025

PhEur _

_____________________ PhEur

57-67-0

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

214.3

(Ph. Bur. monograph 1476)

Action and use
Sulfonamide antibacterial.

CHARACTERS
A white or almost white, fine crystalline powder, very slightly
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.

IDENfIFICATION
First identification: A, B.
Secondidentification: A, C, D, E.
A. Melting point (2.2.14): 189°C to 193 DC, 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 position and size
to the principal spot in the chromatogram obtained with
reference solution (a).

D. Dissolve about 5 mg in 10 rnL of 1 M 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).

E. Suspend 0.1 gin 2 mL of waterR, add 1 mL of
a-naphthol solution R and 2 mL of a mixture of equal volumes
of waterR and strong sodium hypochlorite solution R. A red
colour develops.

TESTS
Solution S
To 2.5 g, add 40 rnL of carbon dioxide-free waterR. Heat at
about 70°C for 5 min. Cool while stirring in iced water for

DEFINITION
Sulfaguanidine contains not 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.

Sulfaguanidine

ASSAY
Dissolve 0.200 g in 50 mL of acetone R. Titrate with 0.1 M
tetrabutylammonium hydroxide using a 4 g/L solution of
thymol blue Rin methanolR as indicator.

1 mL of 0.1 M tetrabutylamrnonium hydroxide is equivalent
to 26.73 mg of CIIHI3N303S,

STORAGE
Store protected from light.

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 the principal spot in the chromatogram obtained with
reference solution (a).

C. To 0.5 g add 1 mL of a 40 per cent V/V solution of
sulfuric acid R 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 etherR. Separate the ether layer, dry over
anhydrous sodium sulfateR 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 1M hydrochloric acid.
Dilute 1 mL 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 _c C'c.-.

Appearanceofsot~tion

Dissolve 0:4 g in a !!#xture of 5 mL of dilute sodium hydroxide
solution R and 5 mL•.of waterR, with gently warming if
necessary. The sohition is not more intensely coloured than
reference s~lution y~~ BY6 or GY6 (2.2.2~ Method II).

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 blue solution R1. 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 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.

Test solution (b) Dilute 1 mL of test solution (a) to 5 mL
with a mixture of 2 volumes of concentrated ammonia Rand
48 volumes of methanolR.

Reference solution (a) Dissolve 20 mg of sulfafurazole CRS in
3 mL of a mixture of 2 volumes of concentrated ammonia R
and 48 volumes of methanolR and dilute to 5 mL with the
same mixture of solvents.

Reference solution (b) Dilute 1.25 mL of test solution (b) to
50 mL with a mixture of 2 volumes of concentrated
ammonia R and 48 volumes of methanol R.

Apply to the plate 5 JlL of each solution. Develop over a
path of 15 em using a mixture of 1 volume of concentrated
ammonia R, 25 volumes of methanol Rand 75 volumes of
methylene chloride R. Dry the plate at 100°C to 105 °C and
examine in ultraviolet light at 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).

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.
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11-1026 Sulfamethizole 2020

PhEur _

144-82-1270.3

(Ph. Eur. monograph 0637)

Action and use
Sulfonamide antibacterial.

____________________ PhEur

Sulfamethizole

B. N-[(4-aminophenyl)sulfonyl]urea (sulfacarbamide).

DEFINITION
Sulfamethizole contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of 4-arnino-N-(5
methyl-l,3,4-thiadiazol-2-yl)benzenesulfonamide, calculated
with reference to the dried substance.

CHARACTERS
White or yeUowish-white crystalline powder or crystals, very
slightly soluble in water, soluble in acetone, sparingly soluble
in alcohol. It dissolves in dilute solutions of alkali hydroxides
and in dilute mineral acids.

It melts at about 210 "C.

IDENTIFICATION
Firstidentification: A, B.
Second identification: B, C, D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
sulfamethizole CRS. Examine the substances prepared as
discs.

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 the principal spot in the chromatogram obtained with
reference solution (a).

e.Dissolve 50 mg in 4 mL of methanol R and add 0.2 mL of
a 40 g/L solution of copper acetate R. A flocculent, yellowish
green precipitate is formed, changing to dark green.

D. Dissolve about 5 mg in 1 M hydrochloric acid and dilute to

10 mL with the same solvent. Dilute 1 mL of this 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 dilute sodium hydroxide
solution R and 5 mL of water R. The solution is not more
intensely coloured than reference solution Y5, BY5 or GY5

(2.2.2, Method II).

A. 4-aminobenzenesulfonamide (sulfanilamide),

about 15 min, filter and dilute to 50 mL with carbon dioxide
free waterR.

Acidity
To 20 mL of solution S, add 0.1 mL of bromothymol blue
solution Rl. 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 a
TLC silica gel GF254 plateR.

Test solution (a) Dissolve 50 mg of the substance to be
examined in acetone R and dilute to 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 sulfaguanidine 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 acetone R.

Reference solution (c) Dilute 5mL of reference solution (b)
to 10 mL with acetone R.
Reference solution (d) Dissolve 10 mg of sulfanilamide R in
test solution (b) and. dilute to. 5 mL with the same solution.

Apply to the plate 10 ul, of each solution. Develop over a
path of 15 em using a mixture of 10 volumes of anhydrous
formic acidR, 20 volumes of methanol Rand 70 volumes of
methylene chloride R. Allow the plate to dry in air and examine
in ultraviolet light at 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) (0.3 per cent) and at
most one such spot is more intense that 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 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 than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.175 g in 50 mL of dilute hydrochloric acidR. Cool
the solution in iced water. Carry out the determination of
primary aromatic amino-nitrogen (2.5.8), determining the
end-point electrometricaUy.

1 mL of 0.1 M sodium nitrite is equivalent to 21.42 mg
of C7HlON40 ZS.

STORAGE
Store protected from light.

IMPURITIES
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2020 Sulfamethoxazole 11-1027

____________________ PhEur

ASSAY
Carry out the determination of primary aromatic amino
nitrogen (2.5.8), using 0.2500 g and determining the
end-point electrometrically.

1 mL of 0.1 M sodium nitrite is equivalent to 27.03 mg of
CgHlON40zSz.

STORAGE
Store protected from light.

PhEur _

Co-trimoxazole Dispersible Tablets

Paediatric Co-trimoxazole Tablets

DEFINITION
4-Amino-N-(5-methylisoxazol-3-yl)benzenesulfonamide.

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

CHARACTERS
Appearance
White or almost white, crystallinepowder.

Solubility
Practically insoluble in water, freely soluble in acetone,
sparingly soluble in ethanol (96 per cent). It dissolves in
dilute solutions 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 suljamethoxazole CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 20 mg 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.

Reference solution Dissolve 20 mg of suljamethoxazole 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.

Plate TLC silica gel F254 plate R.
Mobile phase dilute ammonia R1, waterR, nitromethane R,
dioxan R (3:5:41:51 V/V/V/V).

Application 5~.

Development Over 3/4 of the plate.

Drying At 100-105 °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.

D. Dissolve about 5 mg inI0 mL of 1 M 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 Ys, BYs or GYs (2.2.2, MethodIf).
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
blue solution R1. 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).

723-46-6253.3

Action and use
Sulfonamide antibacterial.

Preparations
Co-trimoxazole Infusion

Co-trimoxazole Oral Suspension

Paediatric Co-trimoxazole Oral Suspension
Co-trimoxazole Tablets

(Ph. Bur. monograph 0108)

Sulfamethox8zole

Acidity
To 1.25 g add 25 mL of carbon 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
blue solution R1. Not more than 0.5 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
gelGF254 R as the coating substance.

Testsolution (a) Dissolve 0.30 g of the substance to be
examined in acetone R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 1 mL of test solution (a) to 10 mL
with acetone R.
Reference solution (a) Dissolve 30 mg of suljamethizole CRS
in acetone R and dilute to 10 mL with the same solvent.

Reference solution (b) Dilute 1 mL of test solution (b) to
20 mL with acetone R.
Apply to the'platez-ul; of each solution. Develop over a
path of 15 em using a mixture of 15 volumes of methanol R
and 80 volumes of,chloroform R. Dry the plate at 100°C to
105°C and-examine in ultraviolet light at 254 nm. Any spot
in the chromatogram obtained with test solution (a), apart
from the principalspot, 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.
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11-1028 Sulfamethoxazole

Testsolution Dissolve 50.0 mg of the substance to 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 to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 1 mg of the substance to be
examined and 1 mg of sulfamethoxazole impurityA CRS in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 1.0 mg of sulfamethoxazole
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: octylsi6J1 silica gelfor chromatography R

(5 urn),
- temperature: 30 "C.
Mobile phase Mix 35 volumes of methanol R2 and
65 volumes of a 13.6 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 5.3 with a 20 gIL
solution of potassium "hydroxide R.
Flow rate 0.9 mlJmin.

Detection Spectrophotometer at 210 nm.

Injection 20 JlL.

Run time 3 times the retention time of sulfamethoxazole.

Relative retention With reference to sulfamethoxazole
(retention time = about 10 min): impurity D = about 0.3;
impurity E =about 0.35; impurity F =about 0.45;
impurity e =about 0.5; impurity A =about 1.2;
impurity B = about 2.0.

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

sulfamethoxazole and impurity A.
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),

- impurity F: not more than the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.1 per cent),

- any 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),

- 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 electrometrically.

1 mL of 0.1 M sodium n£t:rite is equivalent to 25.33 mg
of C lOH llN30 3S.

2020

STORAGE
Protected from light.

IMPURITIES·
Specified impurities A, B, C, D, E, F.

CH3

o ox)
'l!-I/ 0
S "" /

o D"N NII I H
H C,.A.-.N ~

3 H

A. N- [4-[(5-methylisoxazol-3-yl)sulfamoyl]phenyl]acetamide,

B. 4-[[(4-aminophenyl)sulfonyl]amino]-N-(5-methylisoxazol
3-yl)benzenesulfonamide,

C.5-methylisoxazol-3-amine,

D.4-aminobenzenesulfonic acid (sulfanilic acid),

E. 4-aminobenzenesulfonamide (sulfanilamide),

F. 4-amino-N-(3-methylisoxazol-5-yl)benzenesulfonamide.
_____________________ PhEur
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Sulfasalazine Time
(min)

Mobile phase A
(per cent VIJi')

Mobile phase B
(per cent 1-,11)

PhEur -----'7--------:---------

Action and use
Sulfonamide aminosalicylate; treatment of ulcerative colitis.

Preparations
Sulfasalazine Gastro-resistant Tablets

Sulfasalazine Tablets

40 -> 55

55

55 -> 100

100

60 -> 45

45

45 -> 0

o

0-15

15 - 25

25 - 60

60 - 65

Flow rate lmUmin.
Detection Spectrophotometer at 320 om.

Injection 20~.

Relative retention With reference to sulfasalazine:
impurity H = about 0.16; impurity I = 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.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

sulfasalazine and sulfasalazine derivative for resolution.

Limits:
- impurities A, B, C, D, B, F, G, I: for each impurity, not

more than the area of the principal peak in the
chromatogram obtained with reference solution (a)
(1 per cent);

- total: not more than 4 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 peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent); disregard any peal- with a retention time
less than 6 min (due to impurities H and D.

Impurities H and J
Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to be
examined in dilute ammonia R3 and dilute to 25.0 mL with
the same solvent.

Reference solution (a) Dissolve 5.0 mg of salicylic acidR
(impurity H) and 5.0 mg of sulfapyridine CRS (impurity 1) 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: I =0.25, (2) =4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Mobile phase B (described in the test for
related substances), mobile phase A (described in the test for
related substances) (30:70 V/V).

Flow rate 1 mUmin.
Detection Spectrophotometer at 300 nm.

Injection 20 ul, of the test solution and reference
solution (b).

Run time 10 min.

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:
- impurities H, J: for each impurity, not more than 0.5 times

the area of the corresponding peak in the chromatogram
obtained with reference solution (b) (0.5 per cent);

599-79-1398.4

(Ph. Bur. monograph 0863)

DEFINITION .•
2-Hydroxy-5- [2~[4=(pyridin-2-ylsulfamoyl)phenyl]
diazenyljbenzoic acid.

Content
97.0 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Bright yellow or 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 solutions of alkali hydroxides.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison sulfasalazine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to be
examined in dilute ammonia R3 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 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 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobzle phase:
- mobile phaseA: in a 1000 mL volumetric flask dissolve

1.13 g of sodium dihydrogen phosphate Rand 2.5 g of
sodium acetate R in 900 mL of water R; adjust to pH 4.8
with glacial acetic add R and dilute to 1000 mL with
water R;

- mobile phase B: mobile phase A, methanol R (10:40 V/V);
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11-1030 Sulfasalazine

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

Chlorides (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 the filtrate
add 1 mL of nitric acid R, allow to stand for 5 min and filter
to obtain a clear solution.

Sulfates (2.4.13)
Maximum 400 ppm.

To 20 mL of the filtrate prepared for the test for chlorides
add 1 mL of dilute hydrochloric acidR, allow to stand 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 °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 of waterR. Add 20.0 mL of a 6 gIL solution of
glacial acetic acidR and dilute to 1000.0 mL with waterR.
Prepare a standard solution at the same time and in the same
manner using 0.150 g of sulJasalazine CRS. Measure the
absorbance (2.2.25) of the 2 solutions at the absorption
maximum at 359 nm.

Calculate the content of ClsH14N40SS 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, I, J.

A. 4,4'-[(4-hydroxy-1,3-phenylene)bis(diazenediyl)]bis[N
(pyridin- 2-yl)benzenesulfonamide],

B. 2-hydroxy-3,5-bis [2-[4-(pyridin-2-ylsulfamoyl)
phenyl] diazenyl]benzoic acid,

2020

C. 2-hydroxy-5-[2-[4-(2-iminopyridin-l (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
ylsulfamoyl)phenyl] diazenyl]biphenyl-3-carboxylic acid,

F. 2-hydroxy-3-[2- [4-(Pyridin-2-ylsulfamoyl)phenyl]diazenyl]
benzoic acid,

G.5-[2-[4',S-bis(pyridin-2-ylsulfamoyl)biphenyl-2-yl]
diazenyl]-2-hydroxybenzoic acid,
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PhEur _

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 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 waterR
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 hydrochloric acid.
Dilute 1 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 GY4 (2.2.2, MethodIf).

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 of bromothymol blue solution R1.
Not more than 0.1 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 H R as the coating substance.

Test 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 alcohol R and dilute to 10 mL with the
same mixture of solvents.

Test solution (b) Dilute 1 mL of test solution (a) to 5 mL
with a mixture of 1 volume of concentrated ammonia R and
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 alcohol R and dilute to 10 mL with the same
mixture of solvents.

Reference solution (b) Dissolve 50 mg of sulfanilamide R in a
mixture of 1 volume of concentrated ammonia Rand
9 volumes of alcohol R and dilute to 100 mL with the same
mixture of solvents. Dilute 1 mL of this solution to 10 mL
with the same mixture of solvents.

Apply to the plate 10 ul, of each solution. Develop over a
path of 15 em using a mixture of 18 volumes of ammonia R
and 90 volumes of butanol R. Dry the plate at 100°C to
105°C for 10 min and spray with a 1 gIL solution of
dimethylaminobenzaldehyde R in alcohol R containing
1 per cent V/V of hydrochloric 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 (2.5.8), using 0.200 g, determining the end-point
electrometrically.

72-14-0255.3

Action and use
Sulfonamide antibacterial.

(Ph. Bur. monograph 0742)

(X, COzH

~ OH

H. 2-hydroxybenzenecarboxylic acid (salicylicacid),

DEFINITION
Sulfathiazole contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of 4-:amino-N
(thiazol-2-yl)benzenesulfonamide, calculated with reference to
the dried substance.

Sulfathiazole

CHARACTERS
A white or 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.

IDENTIFICATION
First identification: A, B.

Secondidentification: A, C, D, E.
A. Melting point (2.2.14): 200°C to 203 DC. Melting may
occur at about 175°C, followed by solidification and a
second melting between 200 °C and 203°C.

E. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
sulfathiazole CRS. Examine the substances prepared as discs.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in alcohol R, evaporate to dryness in vacuo and
record the spectra again using the residues.

____________________ PhEur

J. 4-amino-N-(pyridin-2-yl)benzenesulfonamide
(sulfapyridinej.c .

I. 2-hydroxy-5- [2-(4-sulfophenyl)diazenyl]benzoic acid,
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PhEur _

_____________________ PhEur

(Ph. Eur. monograph 0790)

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 path length.of 4 ern is not greater than 0.15.

Dissolve 1.25 g, heating gently if necessary, in 25 mL of 1 M
sodium hydroxide.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Solventmixture waterR, acetonitrile R (10:40 VIV).

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 (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 sulfinpyrazone
impurity A CRS and 5.0 mg of sulfinpyrazone impurity B 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)
to 100.0 mL with the solvent mixture.

Reference solution (d) Dissolve the contents of a vial of
sulfinpyrazone for system suitability CRS (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 mL with the solvent mixture.

Column:
- size: l = 0.125 m, 0 = 4.6 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobl1e phase tetrahydrofuran for chromatography R,
acetonitrile R, 0.3 per cent VIV solution of phosphoric acid R
(7:35:58 VIVIV).
Flow rate 2.0 mUmin.

Detection Spectrophotometer at 235 nm.

Injection 20 ~ll.

Run time 7 times the retention time of sulfinpyrazone.

Identification of impurities Use the chromatogram supplied
with sulfinpyrazone for system suitability CRS and the
chromatogram obtained with reference solution (d) to
identify the peak due to impurity C; use the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities A and B.
Relative retention With reference to sulfinpyrazone (retention
time = about 3.5 min): impurity C = about 0.8;
impurity A = about 1.6; impurity B = about 4.8.

System suitability Reference solution (d):
- resolution: minimum 2.0 between the peaks due to

impurity C and sulfinpyrazone.

Limits:
- impurities A, B: for each impurity, not more than the 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 with reference
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);

- total: 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

('1 0 0

~~IIN 5 -:?"

cr~ H '0
~ I 0

Action and use
Uricosuric.

Sulfinpyrazone

1 mL of 0.1 M sodium nitrite is equivalent to 25.53 mg of
CgHgN30ZSZ'

STORAGE
Store protected from light.

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
White or almost white powder.

Solubility
Very slightly soluble in water, sparingly soluble in ethanol
(96 per cent). It dissolves in dilute solutions of alkali
hydroxides.

IDENTIFICATION
Firstidentification: A, C.
Second identification: A, B, D.
A. Melting point (2.2.16): 131 DC to 135 DC.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 30.0 mg in 0.01 AJ sodium hydroxide
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.
Spectral range 230-350 DID.

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 oi ferric 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 nm using a path length. of 4 em is not greater than 0.10.

Dissolve 1.25 g in acetone R and dilute to 25 mL with the
same solvent.
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- 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 gin 25 mL of acetone R. Add 0.5 mL of
bromothymol blue solution R1. Titrate with 0.1 M sodium
hydroxide until the colour changes from yellow to blue.

1 mL of 0.1 M sodium hydroxide is equivalent to 40.45 mg of
CZ3HzoN'z03S,

STORAGE
Protected from light.

IMPURITIES
Specified impuritjesciiA, B, C.

A. 1,2-diphenyl-4-[2-(phenylsulfonyl)ethyl]pyrazolidine-3,5
dione,

B. 1,2-diphenyl-4-[2-(phenylsulfanyl)ethyl]pyrazolidine-3,5
dione,

Q~O~N S ~

(1(~ OH U
V O

C. 4-hydroxy-1,2-diphenyl-4-[2-(phenylsulfinyl)
ethyl]pyrazolidine-3,5-dione.

____________________ PhEur

Sulfobutylbetadex Sodium 11-1033

Sulfobutylbetadex Sodium
(ph. Bur. monograph 2804)

RO...«OR....0 <,yR~OR
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C4zH70-n035(C.JIsS03Na)n 2163 when n =6.5 182410-00-0
PhEur _

DEFINITION
Sulfobutylbetadex sodium (~-cyclodextrin, sodium
4-sulfonatobutyl ether) is the sodium salt of a partially
substituted poly(sulfobutyl) ether of betadex.

Content
- sulfobutylbetadex sodium: 95.0 per cent to 105.0 per cent

(anhydrous substance);
- average numberof sulfobutyl groups per cyclodextrin ring,

expressed as average degree of substitution (DS): 5.9 to 6.6.

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freely soluble in water, practically insoluble in anhydrous
ethanol and in methylene chloride,

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sulfobutylbetadex sodium CRS.

Results The spectrum obtained with the substance to be
examined shows the same absorption bands as the spectrum
obtained with sulfobutylbetadex 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 (2.3.1).

TESTS
Solution S
Dissolve 7.50 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).

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 aldehyde-free methanol R.
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Flow rate 1.1 mUmin.

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 suitability criteria.
- carrier gas: nitrogen R;
- flow rate: 1.5 Umin;
- evaporator temperature: 5a °C.

Equilibration At initial isocratic conditions for 10 min.

Injection 10 ul, of the test solution and reference
solutions (a) and (d).

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to

Test solution Dissolve 0.45 g of the substance to be
examined in 2.amL of dimethyl sulfoxide R in a test tube and
add 0.5 mL of a 40 gIL solution of sodium hydroxide R and
7.5 mL of the reagent solution. Mix and store at room
temperature.

Reference solution Prepare at the same time and in the same
manner as for the test solution, using 0.10 mL of a 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).

Testsolution Dissolve 0.300 g of the substance to be
examined in waterR and dilute to 5.0 mL with the same
solvent.

Reference solution (a) Dissolve 15.0 mg of betadex 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
waterR.

Reference solution (b) Dissolve 15.0 mg of sulfobutylbetadex
impurity C CRS in water R and dilute to 5.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
waterR.
Reference solution (c) Dissolve 15.0 mg of sulfobutylbetq,dex
impurity D CRS in water R and dilute to 5.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
waterR.
Reference solution (d) Dissolve 0.300 g of sulfobutylbetadex
sodium CRS in 1.0 mL of reference solution (J) and 0.5 mL
of reference solution (c), and dilute td 5.0 mL with water R.
Column:
- size: 1= 0.15 m, 0 = 4.0 mm;
- stationary phase: 4-dimethylaminobenzylcarbamidesilyl silica

gelfor chromatography R (3 urn);
---: temperature: 25 "C.

Mobile phase:
- mobile phaseA: to 4.0 mL of triethylamine R add 900 mL

of water for chromatography R and adjust to pH 4.5 with
anhydrous formic acidR; dilute to 1000 mL with water for
chromatography R;

- mobile phaseB: acetonitrile R;

Time
(min)

0-2

2-8

8 - 14

14 - 20

Mobile phase A
(per cent VIV)

90

90 -+ 60

60 -+ 40

40

Mobile phase B
(per cent VIV)

10

10 -+ 40

40 -+ 60

60

impurity A; use the chromatogram obtained with reference
solution (d) to identify the peaks due to impurities C and D.

Relatioeretention With reference to impurity A (retention
time = about 2.9 min): impurity C = about 0.7;
impurity D =about 2.0; sulfobutylbetadex elutes as several
peaks after impurity D unless heart-cutting is applied.

System suitability:
- resolution: minimum 2.0 between the peaks due to

impurities C and A in the chromatogram obtained with
reference solution (d);

- repeatability: maximum relative standard deviation of
3.0 per cent for the area of the peak due 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);

- impurityC: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.1 per cent);

- impurity D: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.05 per cent);

- disregard the peak due to the sodium counter-ion
(corresponding to the dead volume of the column) and
any peak eluting after impurity D (due to
sulfobutylbetadex) .

ImpurityB
Gas chromatography (2.2.28). Prepare the solutions immediately
before use.
Internalstandardsolution Dissolve 25.0 mg of diethyl
sulfone R in 10.0 mL of dimethylformamide R and dilute to
1000.0 mL with waterR. Dilute 1.0 mL of the solution to
100.0 mL with waterR.
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 mixer for 30 s and allow to
stand for at least 5 min or until complete separation of the
phases. Decant the organic phase into a vial and seal.

Reference solution (a) Dissolve 50.0 mg of sulfobutylbetadex
impurityB CRS in 5.0 mL of dimethylformamide R and dilute
with waterR to obtain a concentration of 2.0 Ilg/mL.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 2.0 mL with waterR.
Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 4.0 mL with waterR.
Blank solution Prepare as described for test solution (d), but
omitting the substance to be examined.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 mm;
- stationary phase: poly(cyanopropyl) (7) (phenyl) (7) (methyl)

(86)siloxane R (film thickness 0.5 11m).

Carrier gas helium for chromatography R.

Flow rate 2.4 mUmin.
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2020

Table 2804.-1.

Sulfobutylbetadex Sodium 11-1035

Substance to be IuterDa1 standard Solvent/solution (mL) Methylene chloride R Final
examined (g) solution (mL) (mL) content

of
sulfobutylbetadex

impurityB
CRS
(ug)

Blank solution a 4.0 WaterR, 1.0 1.0 0

Testsolution (a) 1.000 4.0 Reference solution (a), 1.0 2.0
1.0

Testsolution (b) 1.000 4.0 Reference solution (b), 1.0 1.0
1.0

Testsolution (c) 1.000 4.0 Reference solution (c), 1.0 0.5
1.0

Testsolution (d) 1.000 4.0 WaterR, 1.0 1.0 a

Detection Flame ionisation.

Injection 1~.

Relative 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), (c) 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:
- impurityB: 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

Injection port

Detector

Time
(min)

0-10

10 - 1l.S

11.5 - 16.5

Temperature
("C)

100 200

200 250

250
250
270

Microbial contamination
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 102 CFU/g (2.6.12).

If not intended for use in the manufacture of parenteral
preparations:
- TAMC: 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).

ASSAY.
Sulfobutylbetadex sodium
Size-exclusion chromatography (2.2.30).

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 rnm;
- stationary phase: polymethacrylate gelR.

Mobilephase Dissolve 10.11 g of potassium nitrate R in a
mixture of 1 volume of acetonitrile for chromatography Rand
4 volumes of waterfor chromatography R and dilute to
1000 mL with the same mixture of solvents.

Flow rate 1.0 mUmin.
Detection Differential refractometer maintained at
35 ± 2°C.

Injection 20~.

Between-run rinsing Rinse the column with a mixture of
1 volume of acetonitrile for chromatography Rand 9 volumes of
waterfor chromatography 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.

Calculate the percentage content of sulfobutylbetadex sodium
taking into account the assigned content of sulfobutylbetadex
sodium CRS.

Average degree of substitution
Nuclear magnetic resonance spectrometry (2.2.33).

The average degree of substitution (DS) is calculated from
the ratio between the signals of the inner-chain protons of
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11-1036 Sulindac 2020

the sulfobutyl ether groups (-O-CH2-CHz-CHrCHz-S03H)
and the signals of the glycosidic protons attached to the C1
carbon of the anhydroglucose units.

Test solution Introduce not less than 10.0 mg of the
substance to be examined, previously dried for at least 1 day
in a desiccator, into a 5 rom NMR tube. Add about 0.70 mL
of deuterium oxide Rl. Cap the tube and mix thoroughly.

Apparatus FT-NMR spectrometer operating at minimum
250 MHz and suitable for recording at 25°C.

Acquisition of 1H NMR spectra The following parameters
may be used:
- sweep width: 10 ppm (0 to + 10.0 ppm);
- irradiation frequency offset'. none;
- time domain: 32 K;
- pulse width: 90°;
- pulse delay: 15 s;
- dummy scans: 2;
- number of scans: 16.

Call the integration sub-routine after phase 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 Fill to the spectrum
without any correction of the Gaussian broadening factor
(GB = 0) and with a line broadening factor not greater than
0.3 Hz (LB ~ 0.3). Adjust integral level and tilting.

Measure the peak areas of the signals between 1.43 ppm and
2.12 ppm (AI' -O-CH2-CHrCHrCH2-S03H), and the
signals of the glycosidic protons between 4.95 ppm and
5.41 ppm (A 2, -O-CH-O-).

Calculate the average degree of substitution (DS) using the
following expression:

HO....«OH....0 -,,yH~OH _

0.... . ° ····0. 0 .
H0

tr
' ; ..OH

HO 'j:f'OH HO °
~- ° ~

)i
f OH HO b

HO .... ° bOHHO\-.{°i....OH

: .... ° ..I"\)-{
He> 0··.. ····0 OH

HO "OH

A. cydoheptakis-(l ~4)-(a.-D-glucopyranosyl) (betadex or
cydomaltoheptaose or ~-cyclodextrin),

O
o.... P

8=0

B. 1,211.6-oxathiane-2,2-dione,

C. 4-hydroxybutane-.1-sulfonic acid,

D. 4,4'-oxydi(butane-l-sulfonic acid).
____________________ PhEur

7xAl

4xA2
Sulindac
(Ph. Bur. monograph 0864)

Action and use
Cydo-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparation
Sulindac Tablets

38194-50-2

F

356.4

STORAGE
In an airtight container.

LABELLING
The label states:
- the average degree of substitution (DS);
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES
Specified impurities A~ B, C~ D.

area of the peaks due to the inner methylene protons (indicated
in bold) of the sulfobutyl ether functional group;
area of the peaks due to the glycosidicprotons (indicated in
bold).

PhEur _

DEFINITION
(Z)-[5-Fluoro-2-methyl-l-[4-(methylsulfinyl)benzylidene]
lH-inden-3-yl]acetic acid.

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

CHARACTERS
Appearance
Yellow, crystalline powder.
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Solubility
Very slightly soluble in water, soluble in methylene chloride,
sparingly soluble in ethanol (96 per cent). It dissolves in
dilute solutions of alkali hydroxides.

It shows polymorphism (5.9).

IDENTIFICATION
First identification: C.
Secondidentification: A, B, D, E.

A. Melting point (2.2.14): 182 °C to 186 °C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50 mg in a 0.3 per cent VIV solution
of hydrochloric acidR in methanol R and dilute to 100 mL
with the same acid solution. Dilute 2 mL of this solution to
50 mL with a 0.3 per cent VIV solution of hydrochloric acidR
in methanol R.

Spectral range 230-350 om.

Absorption maxima-.At 284 om and 327 om.

Shoulder At ab6uf258 om.

Absorbance ratio;:[1A~8JA327 = 1.10 to 1.20.

C. Infrared absorption spectrophotometry (2.2.24).

Preparation Dis'c's.
Comparison sulindac CRS.

If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in the minimum volume of hot methanol R,
evaporate to dryness and record new spectra using the
residues.

D. Thin-layer chromatography (2.2.27).

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

Reference solution (a) Dissolve 10 mg of sulindac CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.

Reference solution (b) Dissolve 10 mg of dijiunisal CRS in
methylene chloride 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 gelGF254 plate R.

Mobz7e phase glacial acetic acidR, methylene chloride R,
acetone R (1:49:50 VIVIV).

Application 5 ~L.

Development Over a path of 15 cm.

Drying In a current of warm 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 and size to the
principal spot in the chromatogram obtained with reference
solution (a).

E. 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 5 min). Allow to cool, add 1 mL
of waterR, 0.05 mL of phenolphthalein solution Rl and about
1 mL of dilute hydrochloric acid R to render the solution
colourless. Filter. Add 1.0 mL of the filtrate to a freshly
prepared mixture of 0.1 mL of alizarin S solution Rand
0.1 mL of zirconyl nitrate solution R. Mix, allow to stand for

Sulindac 11-1037

5 min and compare the colour of the solution with that of a
blank prepared in the same manner. The test solution is
yellow and the blank is red.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.10 g 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 5.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 20.0 mg of sulindac CRS
(which has an assigned content of (.E)-isomer) in the mobile
phase and dilute to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: silica gelfor chromatography R (10 urn).

Mobile phase glacial acetic acidR, ethanol (96 percent) R,
ethylacetate R, ethanol-free chloroform R
(1:4:100:400 VIVIVIV).

Flow rate 2 mLlmin.

Detection Spectrophotometer at 280 om.

Injection 20 ~L.

Run time Twice the retention time of sulindac.

Identification of peaks The chromatogram obtained with
reference solution (b) shows a principal peak due to sulindac
and a peak due to the (.E)-isomer.

Relative retention With reference to sulindac:
(.E)-isomer =about 1.75.

From the chromatograms obtained with the test solution and
reference solution (b), determine the percentage content of
(.E)-isomer, taking into account the assigned content of this
isomer in sulindac CRS.

Limits:
- (.E)-isomer: maximum 0.5 per tent;
- impurities A, B, C: for each impurity, not more than the

area of the principal peak in the chromatogram obtained
with reference solution (a) (0.5 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(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 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 0.300 g in 50 mL of methanol 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 35.64 mg
of C2oH17F03S,

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.
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_____ PhEur

PhEur _

7664-93-9

Sulfuric Acid
Sulphuric Acid

(Ph. Bur. monograph 1572)

H2S04 98.1

Preparation
Dilute Sulfuric Acid
PhEur ---..,. _

DEFINITION
Content
95.0 per cent m/m to 100.5 per cent m/m.

____________________ PhEur

TESTS
.Solution S
To 5 g add 50 mL of carbon dioxide-free water R prepared
from distilled waterR. Allow to stand for 30 min with
frequent shaking and filter.

Appearance of solution
Solution S is colourless (2.2.2., MethodII).

Odour (2.3.4)
It has no perceptible odour of hydrogen sulfide.

Acidity or alkalinity
To 5 mL of solution S add 0.1 mL of phenolphthalein
solution R1. 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 acid. The solution is colourless.
Add 0.15 mL of methylredsolution 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 (2.4.13)
Maximum 100 ppm, determined on solution S.

Sulfides
To 10 mL of solution S add 2 mL of buffer solution pH 3.5 R
and 1 mL of a freshly prepared 1.6 gIL solution oflead
nitrate R in carbon dioxide-free water R. Shake. After 1 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 solution (10 ppm Pb) R, 9 mL of carbon dioxide
free waterR, 2 mL of buffer solution pH 3.5 Rand 1.2 mL of
thioacetamide reagent R.

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

ASSAY
Carry out the oxygen-flask method (2.5.10), 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 water R. 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 changes from colourless to red. Carry out a
blank titration under the same conditions.

1 mL of 0.1 M sodium hydroxide is equivalent to 1.603 mg
ofS.

STORAGE
Protected from light.

7704-34-9

Sulfur for External Use
Sulphur for External Use

(Ph. Bur. monograph 0953)

S 32.07

Action and use
Keratolytic.

F

A. (E)-[5-fluoro-2-methyl-l-[4-(methylsulfinyl)benzylidene]
IH-inden-3-yl]acetic acid,

F

B. (Z)-[5-fluoro-2-methyl-l-[4-(methylsulfonyl)benzylidene]
IH-inden-3-yl]acetic acid,

F

C. (Z)-[5-fluoro-2-methyl-l-[4-methylsulfanyl)benzylidene]
IH-inden-3-yl]acetic acid.

DEFINITION
Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
Yellow powder.

Solubility
Practically insoluble in water, soluble in carbon disulfide,
slightly soluble in vegetable oils.

mp
About 120 -c.
The size of most of the particles is not greater than 20 IJlI1
and that of almost all the particles is not greater than 40 urn.

IDENTIFICATION
A. Heated in the presence of air, it burns with a blue flame,
emitting sulfur dioxide which changes the colour of
moistened blue litmus paperR to red.

B. Heat 0.1 g with 0.5 mL of bromine water R until
decolourised. Add 5 mL of waterR and filter. The solution
gives reaction (a) of sulfates (2.3.1).

www.webofpharma.com



2020 Sulpiride 11-1039

PhEur _

(Ph. Bur. monograph 1045)

15676-16-1

andenantiomer

341.4

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method1).

Dissolve 1.0 g in dilute acetic acidR and dilute to 10 mL with
the same acid.

DEFINITION
N-[[(2RS)-I-Ethylpyrrolidin-2-yl)]methyl]-2-methoxy-5
sulfamoylbenzamide.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in methanol,
slightly soluble in ethanol (96 per cent) and in methylene
chloride. It dissolves in dilute solutions of mineral acids and
alkali hydroxides.

IDENTIFICATION
First identification: B.
Second identification: A, C, 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 obtained in 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 position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

D. To about 1 mg in a porcelain dish, add 0.5 mL of sulfuric
acidRand 0.05 mL ofJormaldehyde solution R. Examined in
ultraviolet light at 365 nm, the solution shows blue
fluorescence.

Sulpiride

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Sulpiride Tablets

ASSAY
To 10 g add 40 mL of water and titrate with 1M sodium
hydroxide VS using methylorange solution as indicator.
Each mL of1M sodium hydroxide VS is equivalent to
49.04 mg of H2S04,

____________________ PhEur

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 constant stirring 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.

CHARACTERS
Appearance
Colourless, oily liquid, very hygroscopic.

Solubility
Miscible with water and with ethanol (96 per cent)
producing intense heat.

Relative density
About 1.84.

IDENTIFICATION
A. Carefully add 1 mL to 100 mL of water R. The solution is
strongly acid (2.2.4).

B. The solution obtained in identification test A gives
reaction (a) of sulfates (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method 11).

Carefully pour, while cooling, 5 mL into 30 mL of waterR
and dilute to 50 nit.. with the same solvent.

Chlorides (2.4.4)=
Maximum 50ppril.

Mix carefully, while cooling, 3.3 g with 30 mL of waterR.
Neutralise with ammonia R and dilute to 50 mL with
waterR.

Nitrates
Add 5 mL to 5 mL of waterR. Cool to room temperature
and add 0.5 mL of indigo carmine solution R. The blue colour
persists for at least 1 min.

Arsenic (2.4.2, MethodA)
Maximum 1 ppm.

Mix, while cooling, 1 g with 20 mL of water R and dilute to
25 mL with the same solvent.

Iron (2.4.9)
Maximum 25 ppm.

Cautiously evaporate 10.0 g and ignite to dull redness.
Dissolve the ignition residue in 1 mL of dilute hydrochloric
acid R with gentle heating and dilute to 25 mL with waterR.
Dilute 1 mL of this solution to 10 mL with water R.

ASSAY
Weigh accurately a ground-glass-stoppered flask containing
30 mL of waterR. Introduce 0.2 mL, cool and weigh again.
Titrate with 1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 49.04 mg
of H 2S0 4•

STORAGE
In an airtight container.

1
1
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Impurity A. Thin-layer chromatography (2.2.27)
Testsolution (a) Dissolve 0.20 g of the substance to be
examined in methanolR, sonicate until dissolution is
complete and dilute to 10.0 mL with the same solvent.

Test solution (b) Dilute 1.0 mL oftest 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 sulpiride
impurityA 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.

Plate TLC silica gelFZ54 plate R.

Mobiie phase concentrated ammoniaR, dioxan R, methanol R,
methylene chloride R (2:10:14:90 V/V/V/V).
Application 10 ilL.
Development Over 1/2 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm for
identification test C and then spray with ninhydrinsolution R;
heat at lOa-105°C for 15 min and examine in daylight.

Limit Test solution (a):
- impurityA: 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).

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 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 ofthis
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of the substance to be
examined and 5 mg of sulpiride impurity 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 nun;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 urn),

Mobile 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 Rand 1 gIL of
sodium octanesulfonate R, previously adjusted to pH 3.3 with
phosphoric acidR.

Flow rate 1.5 mIlmin.
Detection Spectrophotometer at 240 nm.

Injection 10 ilL.

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 With reference to sulpiride (retention
time = about 15 min): impurity B = about 0.7.

Systemsuuability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity B and sulpiride.

, Calculation of percentage contents:
- for each impurity, use the concentration of sulpiride in

reference solution (a).

2020

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent; .
- 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 water R. Filter through a sintered
glass filter (40) (2.1.2). 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
1 M hydrochloric acid, 3 mL of waterRand 0.1 mL of nitric
acid R. Heat on a water-bath for about 5 min. Place the
solution in a test-tube. Rinse the 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 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 gin 80 mL of anhydrous acetic acidR. 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 34.14 mg
of ClSP"'23N304S,

IMPURITIES
Specified impurities A.

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
criterion for other/unspecified impurities and/or by the general
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.1O.Control of impurities
in substances for pharmaceutical use) B, C~ D, E~ F, G.

A. [(2RS)-I-ethylpyrrolidin-2-yl] methanamine,

B. methyI2-methoxy-5-sulfamoylbenzoate,

C. ethyl 2-methoxy-5-sulfamoylbenzoate,
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PhEur _

5 -70

70

70 - 5

Mobile phase B
(per cent VIV)

95 -> 30
30

30 - 95
95

Mobile phase A
(per cent VIV)

Time
(min)

0- 15

15 - 16

16 - 16.5

16.5 - 20

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 215 nm.

Injection 5 ul, of the blank solution, the test solution and
reference solutions (b), (c), (d) and (e).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sultamicillin CRS.

TESTS
Specific optical rotation (2.2.7)
+ 190 to + 210 (anhydrous substance).

Dissolve 0.500 gin dimethylformamide R and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before useor keep at 2-8 °C for not more than 6 h.

Solution A methanol R1, acetonitrile R1 (20:80 VIV).
Solution B Dissolve 1.56 g of sodium dihydrogen phosphate R
in 900 mL of water R. Add 7.0 mL ofphosphoric acidRand
dilute to 1000 mL with waterR.
Blank solution Solution B, solution A (30:70 VIV).
Test solution Dissolve 50.0 mg of the 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
tosilate CRS 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 (b) Suspend 15 mg of sultamicillin
tosilate CRS 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 hydrochloric
acid E .md dilute to 100 mL with waterR.
Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the blank solution.

Reference solution (d) Dissolve 17.3 mg of ampicillin
trihydrate CRS (impurity C) and 15.0 mg of sulbactam CRS
(impurity A) in waterR 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 sultamicillin for peak
identification CRS (containing impurity G) in 7.0 mL of
solution A and sonicate for about 1 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: octadecylsilyl silica gelfor chromatography R

(3.5 urn);
- temperature: 25°C.

Mobz7e phase:
- mobile phase A: 4.68 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acidR;
- mobile phase B: acetonitrile R1;

76497-13-7

and enantiomer

and enantiomer

594.7

(Ph. Eur. monograph 2211)

DEFINITION
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-dimethyl-4,4,7-trioxo-4A.6-thia-l
azabicyclo[3.2.0]heptane-2-carboxylate.

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, slightly hygroscopic, crystalline
powder.

Solubility .
Practically insoluble in water, very slightly soluble in
methanol, practically insoluble in ethanol (96 per cent).

Action and use
Beta-lactamase inhibitor.

:<;0 ~o~ CH3o -, 0 ...............0 . CH3
H NH Nerr' 2H 1+ .CH3 N 8=0

~ N· - 8 CH od V \\I H H 3 V~H 0
~ 0

Sultamicillin

G. N- [[ (2RS)-I-ethylpyrrolidin-2-yl]methyl] -2-hydroxy-5
sulfamoylbenzamide.

D. 2-methoxy-5-sulfamoylbenzoic acid,

F. N-[[(2RS)-1";eihyl-l-oxidopyrrolidin-2-yl]methyl]-2
methoxy-5-sUlfamoylbenzamide,

E. 2-methoxy-5-sulfamoylbenzamide,

____________________ PhEur
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B. 4-methylbenzenesulfonic acid (p-toluenesulfonic acid),

A. (2S,5R)-3,3-dimethyl-7-oxo-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylic acid 4,4-dioxide (sulbactam),

C. (2S,5R,6R)-6-[[(2R)-2-amino-2-phenylacetyl]amino]-3,3
dimethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]heptane-2
carboxylic acid (ampicillin),

70

70 -> 220

220

140

250

Temperature
eC)

Time
(min)

0-6

6 - 16

16 - 18

Injection port

Detector

Column

H

O~~~~~3
Lf-s CH3

H I/~O
o

Static head-space conditions that may be used:
- equihbration temperature: 105°C;
- equilibration rime: 45 min;
- transfer-line temperature: 110 DC;
- pressurisation rime: 30 s.
Temperature:

Detection Flame ionisation.

Injeaion 1 mL.
Relatioe retention With reference to dimethylformamide
(retention time =about 14 min): ethyl acetate =about 0.7.

Limit:
- ethyl acetate: maximum 2.5 per cent.

Water (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
liquid chromatography (2.2.29) 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
(C25H30N409S2) from the declared content of
C25H30N409S2 in sultamicillin tosilate CRS and by multiplying
the sultamicillin tosilate content by 0.7752.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A} B} C} D} E} F} G.~

Identification of impurities Use the chromatogram supplied
with sultamicillin for peak identification CRS and the
chromatogram obtained with reference solution (e) to identify
the peak due to impurity G.

Relatioe retention With reference to sultamicillin (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 D =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:
- z"mpurity G: not more than the area of the peak due to

sultamicillin in the chromatogram obtained with reference
solution (c) (1.0 per cent);

- z"mpurity A: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.3 per cent);

- impurity B: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (c) (0.3 per cent);

- impurity C: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.3 per cent);

- impuritiesD, E} F: for each impurity, not more than
0.3 times the area of the peak due to sultamicillin in the
chromatogram obtained with reference solution (c)
(0.3 per cent);

- any otherimpurir): for each impurity, not more than
0.3 times the area of the peak due to sultamicillin in the
chromatogram obtained with reference solution (c)
(0.3 per cent);

- total: not more than 3 times the area of the peak due to
sultamicillin in the chromatogram obtained with reference
solution (c) (3.0 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 solution Dissolve 0.200 g in 7.0 mL of a mixture of
1 volume of waterR and 99 volumes of dimethylformamide R.

Reference solution Dissolve 0.200 g of ethyl acetate R in
240 mL of a mixture of 1 volume of waterRand 99 volumes
of dimethylformamide 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
dimethylformamide R.

Close the oials z"mmedz"ately wz"th a tight rubber membrane stopper
coated wz"th polytetrafiuoroethylene and secure wz"th an aluminium
crimped cap. Shake to obtaina homogeneous solution.

Column:
- material: fused silica;
- size: I = 50 m, 0 = 0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness:

1.8 urn or 3 urn).

Carrier gas heliumfor chromatography R.

Linear uelocity 35 cm/s,

Splz"t ratio 1:5.
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D. [[(2R)-aminophenylacetyl]amino] [(4S)-4-[[[[[(2S,SR)-3,3
dimethyl-4,4,7-trioxo-4A.6-thia-l-azabicyclo[3.2.0]hept-2
yl]carbonyl] oxy]methoxy] carbonyl] -S,S
dimethylthiazolidin-2-yl]acetic acid (penicilloic acids of
sultamicillin),

_.

E. methylene (2S,SR,6R)-3,3-dimethyl-6-[[(2R)- [(I-methyl
4-oxopentyliden'e) amino[phenylacetyl] amino]-7-oxo-4
thia-l-azabicyclo[3.2.0]heptane-2-carboxylate (2S,SR)-3,3
dimethyl-7-oxo..4-oxa-l-azabicyclo[3.2.0]heptane-2
carboxylate,

Jj)1
~

H H

HC. S!=t'N #3 H'
H3C:r N H2N 'H 0 0

W- 0 :¢ ~.CH3o -, 0 »<:0 ' CH3o NH Nm" H_)-~"" CH3 dNVs\~o
~ N -[--i-s CHs 0 V~I 0I H H H
~ 0

F. methylene (2S,SR,6R)-6-[[(2R)-[[[(2S,SR,6R)-6-[[(2R)
arnlllophenylacetyl]aDllllo]-3,3-dimethyl-7-oxo-4-thia-l
azabicyclo [3.2.0]hept-2-yl] carbonyl] amino]phenylacetyl]
arnlllo]-3,3-dimethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]
heptane-2-carboxylate (2S,SR)-3,3-dimethyl-4,4,7-trioxo
4A.6-thia-l-azabicyclo[3.2.0] heptane-2-carboxylate
(ampicillin sultamicillin amide),

~
o L~ fHs

" 0"""""'0 .t-\CHs

~ ~NH2HHN CH N s=ocnN * 3 0 d V\\
~ * S CH3 V~H 0

I 0 0 0

~ o:¢~.CH3
o " 0"""""'0 • CH3

HN Nmo. H.)-~"" CHs dNyS;=O
~ N -[--i-s CHs 0 V~, 0

I H H H
~ 0

G. methylene (2S,SR,6R)-6-[[(2R)-[[[[(2R)
aminophenylacetyl] amino] [(4S)-4-[[[ [[(2S,SR)-3,3
dimethyl-4,4,7-trioxo-4A.6-thia-l-azabicyclo[3.2.0]hept-2
yl]carbonyl] oxy]methoxy] carbonyl] -S,S
dimethylthiazolidin-2-yl] acetyl]amino] phenylacetyl]
arnlllo]-3,3-dimethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]
heptane-2-carboxylate (2S,SR)-3,3-dimethyl-4,4,7-trioxo
4A.6-thia-l-azabicyclo[3.2.0]heptane-2-carboxylate

(sultamicillin dimer).
____________________ PhEur

Sultamicillin Tosilate Dihydrate 11-1043

Sultamicillin Tosilate Dihydrate
(ph. Bur. monograph 2212)

Action and use
Beta-lactamase inhibitor.

PhEur _

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,SR)-3,3
dimethyl-4,4,7-trioxo-4A.6-thia-l-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 toluene sulfonate esters are
genotoxic and are potential impurities in sultamicillin tosilate
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 and validation.
The general method 2.5.40. Methyl, ethyl and isopropyl
toluenesulfonate in active substances is available to assist
manufacturers.

CHARAClERS
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 sultamicillin tosilate CRS.

TESTS
Specific optical rotation (2.2.7)
+ 178 to + 195 (anhydrous substance).

Dissolve 1.000 g in dimethylformamide R and dilute to
SO.O mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use or keep at 2-8 DC for not more than 6 h.

Solution A methanol R1, acetonitrile R1 (20:80 VIV).

Solution B Dissolve 1.56 g of sodium dihydrogenphosphate R
in 900 mL of water R. Add 7.0 mL of phosphoric acid Rand
dilute to 1000 mL with water R.

. Blank solution Soiution B, solution A (30:70 VIV).

Test solution Dissolve 70.0 mg of the substance to be
examined in 3S mL of solution A and sonicate for about
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11-1044 Sultamicillin Tosilate Dihydrate 2020

1 min. Add 13 rnL 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
tosilate CRS in 35 rnL of solution A and sonicate for about
1 min. Add 13 rnL of solution B, mix and sonicate for about
1 min. Dilute to 50.0 rnL 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 hydrochloric
acid R 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 to 100.0 mL with the blank
solution.

Reference solution (d) Dissolve 32.3 mg of ampicillin
trihydrate CRS (impurity B) and 7.0 mg of sulbactam CRS
(impurity A) in waterR and dilute to 1000 mL with the same
solvent.

Column:
- size: 1= 0.10 m, 0 = 4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3.5/lm);
- temperature: 25°C.

Mobtlephase:
- mobile phase A: 4.68 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acidR;
- mobile phase B: acetonitrile Rl;

Time
(min)

0- 15

15 - 16

16 - 16.5

16.5 - 20

Mobile phase A
(per cent VIJI)

95 -.. 30

30

30 -.. 95

95

Mobile phase B
(per cent VIJI)

5 -.. 70

70

70 -.. 5

5

- any otherimpurity: 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);

- total: not more than 4 times the area of the peak due to
sultamicillin in the chromatogram obtained 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 solution Dissolve 0.200 gin 7.0 mL of a mixture of
1 volume of waterRand 99 volumes of dimethylformamide R.

Reference solution Dissolve 0.200 g of ethyl acetate R in
240 mL of a mixture of 1 volume of waterR and 99 volumes
of dimethylformamide 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
dimethylformamide R.

Immediately close the vials with a tight rubber membrane stopper
coatedwith polytetrafiuoroethylene and secure with an aluminium
crimped cap. Shake to obtain a homogeneous solution.

Column:
- material: fused silica;
- size: I =50 m, 0 =0.32 rnm;
- stationary phase: poly(dimethyl)siloxane R (film thickness:

1.8 um or 3 urn).

Carrier gas helium for chromatography R.

Linear velocity 35 cm/s.

Split ratio 1:5.
Static head-space conditions that may be used:
- equilibration temperature: 105°C;
- equilibration time: 45 min;
- transfer-line temperature: 110°C;
- pressurisation time: 30 s.

Temperature:

Detection Flame ionisation.

Injection 1 mL.

Relative retention With reference to dimethylformamide
(retention time =about 14 min): ethyl acetate =about 0.7.

Limit:
- ethyl acetate: 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).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 215 nrn.

Injection 5 IlL of the blank solution, the test solution and
reference solutions (b), (c) and (d).

Relatioe retention With reference to sultarnicillin (retention
time = about 9.3 min): impurity A = about 0.41; ampicillin
penicilloic acid = about 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 tosilate and impurity B.

Limits:
- impurity B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (d) (2.0 per cent);

- impurityA: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.5 per cent);

- impurities C, D, E, F~ 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);

Column

Injection port

Detector

Time
(min)

0-6

6 - 16

16 - 18

Temperature
("C)

70

70 -+ 220

220

140

250
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Calculate the percentage content of sultamicillin tosilate
(C32H3SN4012S3) from the declared content of sultamicillin
tosilate CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

H

0'1-~~~
L-J--s CH3

H II~O
o

A. (2S,5R)-3,3-dimethyl-7-oxo-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylic acid 4,4-dioxide (sulbactam),

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-l
azabicyclo[3.2.0]heptane-2-carboxylate (2S,5R)-3,3
dimethyl-4,4,7-trioxo-4A6-thia-l-azabicyclo[3.2.0]heptane
2-carboxylate (ampicillin sultamicillin amide),

B. (2S,5R,6R)-6-{[(2R)-2-amino-2-phenylacetyl]amino]-3,3
dimethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]heptane-2
carboxylic acid (ampicillin),

C. [[(2R)-aminophenylacetyl]amino][(4S)-4-[[[[[(2S,5R)
3,3-dimethyl-4,4,7-trioxo-4A6-thia-l-azabicyclo

[3.2.0]hept-2-yl] carbonyl] oxy]methoxy]carbonyl]-S,5
dimethylthiazolidin-2-yl]acetic acid (penicilloic acids of
sultamicillin),

G. methylene (2S,SR,6R)-6-[[(2R)-[[[[(2R)-amino
phenylacetyl]amino] [(4S)-4-[[[[[(2S,SR)-3,3-dimethyl
4,4,7-trioxo-P,6-thia-l-azabicyclo[3.2.0]hept-2-yl]
carbonyl]oxy]methoxy]carbonyl]-S,5-dimethylthiazolidin
2-yl]acetyl] amino]phenylacetyl] amino]-3,3-dimethyl-7
oxo-4-thia-l-azabicyclo[3.2.0]heptane-2-carboxylate
(2S,5R)-3,3-dimethyl-4,4,7-trioxo-4A6-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylate (sultamicillin dimer).

____________________ PhEur

D. methylene (2S,5R,6R)-3,3-dimethyl-6-[[(2R)-[(I-methyl
4-oxopentylidene)amino]phenylacetyl]amino] -7-oxo-4
thia-l-azabicyclo[3.2.0]heptane-2-carboxylate (2S,5R)-3,3
dimethyl-7-oxo-4-oxa-l-azabicyclo[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-S-yl-N
methylmethanesulfonamide. It contains not less than 97.5%
and not more than 102.0% of C14H21N302S, calculated with
reference to the anhydrous substance.

103628-46-2295.4

E. methylene bis [(2S,5R)-3,3-dimethyl-4,4,7-trioxo-4A6-thia
l-azabicyclo[3.2.0]heptane-2-carboxylate] (sulbactam
methylene ester),
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II-I046 Sumatriptan

CHARACTERISTICS
A white to pale yellow powder. Very slightly soluble in water.

IDENTIFICATION
The infraredabsorption spectrum, Appendix II A, is concordant
with the reference spectrum 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%.

Impurities A and H
Carry out the method for liquid chromatography,
Appendix III D. Prepare the solutions in a mixture
containing 3 volumes of 0.025M sodiumdihydrogen
orthophosphate, the pH of which has been adjusted to 6.5, and
1 volume of acetonitrile (solution A).

(1) 0.2% w/v of the substance being examined.

(2) Dilute 1 volume of solution (1) to 100 volumes.

(3) Dilute the contents of a vial of sumatriptan for system
suitabilityEPCRS to 1 mL with 1M hydrochloric add.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with silica gelfor chromatography (5 urn) (Spherisorb silica
SSW is suitable).

(b) Use isocratic elution and the mobile phase described
below.

(c) Use a flow rate of 2.0 mL per minute.

(d) Use an ambient column temperature.

(e) Use a detection wavelength of 282 nm.

(f) Inject 20 ul, of each solution.

(g) For solution (1) allow the chromatography toproceed for
5 times the retention time of the principal peak.

MOBILE PHASE

10 volumes of 10M ammonium acetate and 90 volumes of
methanol.

SYSTEM SUITABIUTY

The test is not valid unless the chromatogram obtained with
solution (3) resembles that supplied with sumatriptan for
system suitabiliiy EPCRSand the resolution factor between
impurity A and sumatriptan is at least 1.5.

UMITS

In the chromatogram obtained with solution (1):

the area of any peak corresponding to impurity A is not
greater than the area of the principal peak in the
chromatogram obtained with 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 liquid chromatography,
Appendix III D. Prepare the solutions in a mixture
containing 3 volumes of 0.025M sodiumdihydrogen
orthophosphate, the pH of which has been adjusted to 6.5, and
1 volume of acetonitrile (solution A).

(1) 0.2% w/v of the substance being examined.

(2) Dilute 1 volume of solution (1) to 100 volumes and
further dilute 1 volume of the resulting solution to
10 volumes.

(3) Dilute the contents of a vial of sumatriptan
impurity mixtureEPCRS to 1 mL with O.IM hydrochloric acid.

2020

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with octadecylsilyl silica gelfor chromatography (5 urn)
(Spherisorb ODS 1 is suitable).

(b) Use isocratic elution and the mobile phase described
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.

(f) Inject 20 IlL 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 otthophosphoric
acid and 2.93 g of sodiumdihydrogen orthophosphate in
750 mL water, adjust to pH 6.5 with 10M sodium hydroxide
and dilute to 1000 mL with water.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution factor between the peaks due
to impurity C and sumatriptan is at least 1.5.

LIMITS

In the chromatogram obtained with solution (1):

the areas of any peaks corresponding to impurities B, C and
D are not 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 peak corresponding to impurity E is not
greater than the area of the principal peak in the
chromatogram obtained with solution (2) (0.1 %);

the area of any other secondary peak is not greater than the
area of the principal peak in the chromatogram obtained with
solution (2) (0.1 %).

Disregard any peak with an area less than 0.5 times the area
of the principal peak in the chromatogram obtained with
solution (2) (0.05%).

Water
Not more than 1.0% w/w, Appendix IX ·C. Use 1.0 g.

ASSAY
Carry out the method for liquid chromatography,
Appendix III D. Prepare solutions (1) and (2) in a mixture
containing 3 volumes of 0.025M sodium dihydrogen
orthophosphate, the pH of which has been adjusted to 6.5, and
1 volume of acetonitrile (solution A).

(1) 0.01 % w/v of the substance being examined.

(2) 0.014% w/v of sumatriptan succinate BPCRS.

(3) Dilute the contents of a vial of sumatriptan
impurity mixtureEPCRS to 1 mL·with O.IM hydrochloric acid.

CHROMATOGRAPHIC CONDITIONS

The chromatographic conditions described under Related
substances may be used.

SYSTEM SUITABILITY

The Assay is not valid unless, in the chromatogram obtained
with solution (3), the resolution factor between the peaks due
to sumatriptan and impurity C is at least 1.5.

DETERMINATION OF CONTENT

Calculate the content of Cl~ZlN30ZSusing the declared
content of Cl.JfzlN30ZS,C4H604 in sumairiptan
succinate BPCRS. Each 1 mg of Cl~ZlN30ZS is equivalent
to 1.4 mg of C14H21N302S,C~604'
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H. [3-[2-(dimethylamino)ethyl]-1-[[3-[2-(dimethyl amino)
ethyl]-lH-indol-5-yl]methyl]-lH-indol-5-yl]-N
methylmethanesulfonamide.

CH3
I
N

' CH3

N-CHs
I

H3C
o 0

\\ II
H3C, ..... S

N
H

STORAGE
Sumatriptan should be protected from light.

IMPURITIES

A. [3- [2-(dimethylamino)ethyl]-2- [[3-[2-(dimethyl amino)
ethyl]-lH-indol-5-yl]methyl]-lH-indol-5-yl]-N
methylmethanesulfonamide,

Sumatriptan Succinate
(Ph. Bur. monograph 1573)

Action and use
Serotonin 5HT1 receptor agonist; treatment of migraine.

Preparations
Sumatriptan Injection

Sumatriptan Tablets

103628-48-4413.5

N-R2
/

H3C

B. R1 = R2 = H: N-methyl[3-[2-(methylamino)ethyl]-lH-
indol-5-yl] methanesulfonamide, .

C. R1 = CH2-OH, R2 =CH3: [3-[2-(dimethylamino)erryll
1-(hydroxymethyl)-lH-indol-5-yl]-N
methylmethanesulfonamide,

DEFINITION
[3-[2-(Dimethylamino)ethyl]-lH-indol-5-yl]-N
methylmethanesulfonamide hydrogen butanedioate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, sparingly soluble in methanol,
practically insoluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sumatriptan succinate CRS.

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
25.0 mL with the same solvent.

pH (2.2.3)
4.5 to 5.3.

Dilute 2.5 mL of solution S to 10 mL with carbon dioxide-free
waterR.

Absorbance (2.2.25)
Maximum 0.10, determined at 440 run on solution S.

Impurities A and H
Liquid chromatography (2.2.29).

PhEur _

E. [3-(2-aminoethyl)-lH-indol-5-yl]-N
methylmethanesulfonamide,

D. N,N-dimethyl-2-[5-[(methylsulfamoyl)methyl]-lH-indol-3
yl]ethanamine N-oxide,

N-CH3

/ "H3C 0

F. R = H: N-methyl(2,3,4,9-tetrahydro-1H-pyrido[3,4-b]
indol-6-yl) methanesulfonamide,

G. R = CH3: N-methyl(2-methyl-2,3,4,9-tetrahydro-1H
pyrido [3,4-b]indol-6-yl)methanesulfonamide,

o 0
\\ II

H3C, ..... S
N
H

o 0
\\ II

H3C, ..... S
N
H
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11-1048 Sumatriptan Succinate

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) Dilute 1.0 rnL 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 3 mg of sumatriptan for system
suitability CRS (containing impurities A and H) in the mobile
phase and dilute to 1.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: silica gelfor chromatography R (5 urn).

Mobile phase Mix 10 volumes of a 771 gIL solution of
ammonium acetate R and 90 volumes of methanol R.
Flow rate 2.0 mIJrnin.
Detection Spectrophotometer at 282 nm.

Injection 20 ilL.

Run time 5 times the retention time of sumatriptan.

Identification of impurities Use the chromatogram supplied
with sumatriptan 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 sumatriptan (retention
time = about 2 min): impurity A = about 1.9;
impurity H = about 2.6.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurities A and H.

Limits:
- correction factor: for the calculation of content, multiply the
. peak area of impurity A by 0.6;
- impurityA: not more than 6 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.6 per cent);

- impurityH: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent).

Related substances
Liquid chromatography (2.2.29).

Solution A Dissolve 2.925 g of sodium dihydrogen
phosphate R in 600 mL of waterR, adjust to pH 6.5 with
strong sodium hydroxide solution R, dilute to 750 mL with
waterR, add 250 mL of acetonitrile R and mix.

Testsolution (a) Dissolve 30.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Testsolution (b) Dissolve 15.0 mg of the substance to be
examined in solution A and dilute to 100.0 mL with
solution A.

Reference solution (a) Dilute 1.0 mL oftest 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 the contents of a vial of
sumatriptan impurity mixture CRS (containing impurities B, C,
D and 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 rom;

2020

- stationary phase: octadecylsilyl silica gelfor chromatography R
(5 urn),

Mobile phase Mix 25 volumes of acetonitrile R with
75 volumes of a solution prepared as follows: dissolve
0.970 g of dibutylamine R, 0.735 g of phosphoric acid Rand
2.93 g of sodium dihydrogen phosphate 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 rate 1.5 mUmin.

Detection Spectrophotometer at 282 nm.

Injection 10 IlL of test solution (a) and reference
solutions (aj.and, (b).

Run time 4 times the retention time of sumatriptan.

Identification of impurities Use the chromatogram supplied
with sumatriptan impurity mixture CRS and the, chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities B, C, D and E.

Relativeretention With reference to sumatriptan (retention
time = about 7 min): impurity E = about 0.5;
impurity B = about 0.6; impurity D = about 0.7;
impurity C = about 0.8.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity C and sumatriptan;
- the chromatogram shows 5 clearly separated peaks.

Limits:
- impurities B, C, 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);

- 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
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).

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.

Injection Test solution (b) and reference solution (c).

Calculate the percentage content of ClsH27N306S taking
into account the assigned content of sumatriptan
succinate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, H.
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 the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
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therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) F~ G.

A. [3- [2-(dimethylamino)ethyl]-2-[[3-[2-
(dimethylamino)ethyl]-lH-indol-S-yl]methyl]-lH-indol-5
yl]-N-methylmethanesulfonamide,

B. N-methyl[3-[2:(methylamino)ethyl]-lH-indol-S
yl]methanesulfonamide,

C. [3-[2-(dimethylamino)ethyl]-1-(hydroxymethyl)-lH-indol
5-yl]-N-methylmethanesulfonamide,

D. N,N-dimethyl-2- [5-[(methylsulfamoyl)methyl]-lH-indol-3
yl]ethan-I-amine N-oxide,

E. [3-(2-aminoethyl)-IH-indol-S-yl]-N
methylmethanesulfonamide,

oo~~\\ II I
H3C ........5 , j

N NH
H

F. N-methyl(2,3,4,9-tetrahydro-lH-pyrido[3,4-b]indol-6
yl)methanesulfonamide,

Sunflower Oil II-I049

G. N-methyl(2-methyl-2,3,4,9-tetrahydro-lH-pyrido [3,4
b]indol-6-yl)methanesulfonamide,

H. [3-[2-(dimethylamino)ethyl]-1-[[3-[2-
(dimethylamino)ethyl]-lH-indol-5-yl]methyl]-lH-indol-5
yl]-N-methylmethanesulfonamide.

___________________ PhEur

Refined Sunflower Oil
(Ph. Bur. monograph 1371)

PhEur _

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 aoded.

CHARACTERS
Appearance
Clear, light yellow liquid.

Solubility
Practically insoluble in water and in ethanol (96 per cent),
miscible with light petroleum (bp: 40-60 DC).

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 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.

Peroxide value (2.5.5, MethodA)
Maximum 10.0.

Unsaponifiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.

Alkaline hnpurities (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 thefatty-acid fraction of the oil:
- palmitic acid: 4.0 per cent to 9.0 per cent,
- stearic acid: 1.0 per cent to 7.0 per cent,
- oleic acid: 14.0 per cent to 40.0 per cent,
- linoleic acid: 48.0 per cent to 74.0 per cent.
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PhEur _

27470-51-5438.5

(Ph. Eur. monograph 1574)

Suxibuzone

Action and use
Cyclo-oxygenase inhibitor; analgesic; anti-inflammatory.

Appearanceofsmution
Solution S is clear (2.2.1). Dilute 4 mL of solution S to
10 mL with water R. The solution is colourless (2.2.2,
Method II).

pH (2.2.3)
Dilute 1 mL of solution S to 10 mL with carbon dioxide-free
waterR. The pH of the solution is 4.0 to 5.0.

Choline chloride
Examine by thin-layer chromatography (2.2.27), using
cellulose for chromatography R1 as the coating substance.

Testsolution Dissolve 0.4 g of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.

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 IlL of each solution. Prepare the mobile
phase as follows: shake together for 10 min, 10 volumes of
anhydrous formic acidR, 40 volumes of water Rand
50 volumes of butanol R; allow to stand and use the upper
layer. Develop over a path of 15 em. Dry the plate in a
current of air and spray with potassium iodobismuthate
solution R. Any spot in the chromatogram obtained with the
test solution, apart from the principal spot, is not more
intense than the spot corresponding to choline chloride in the
chromatogram obtained with the reference solution
(0.5 per cent). The test is not valid unless the chromatogram
obtained with the reference solution shows two clearly
separated spots.

Water (2.5.12)
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 than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 gin 50 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 perchloric acid is equivalentto 18.07 mg of
C14H30ClzNz04'

STORAGE
Store in an airtight container, protected from light.
____________~ PhEur

6101-15-1397.3

(Ph. Eur. monograph 0248)

Action and use
Depolarizing neuromuscular blocker.

Preparation
Suxamethonium Chloride Injection

DEFINITION
Suxamethonium chloride contains not 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

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.

CHARACTERS
A white or almost white, crystalline powder, hygroscopic,
freely soluble inwater, slightly soluble in alcohol.

It melts at about 160°C, determined without previous
drying.

IDENTIFICATION
Firstidentification: A, D.
Second identification: 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 1 mL of solution S (see Tests) add 9 mL of waterR,
10 mL of dilute sulfuric acidRand 30 mL of ammonium
reineckate solution R. A pink precipitate is formed. Allow to
stand for 30 min, filter, wash with water R, with alcohol R
and then with ether R and dry at 80°C. The melting point
(2.2.14) of the precipitate is 180°C to 185 °C.

C. Dissolve about 25 mg in 1 mL of water R and add
0.1 mL of a 10 gIL solution of cobalt chloride R and 0.1 mL
of potassium ferrocyanide solution R. A green colour is
produced.

D. About 20 mg gives reaction (a) of chlorides (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.

____________________ PhEur
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PhEur _

DEFINITION
4-[ (4-Butyl-3,5-dioxo-l,2-diphenylpyrazolidin-4-yl)methoxy]
4-oxobutanoic 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,

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison suxibuzone CRS.

TESTS .,
Appearance of s~iution
The solution is ci~~r (2.2.1) and colourless (2.2.2,
Method II). . ~>

Dissolve 1 g in anhydrous ethanol R and dilute to 20 mL with
the same solvent.rr"

Related substances
Liquid chromatography (2.2.29).
Test solution Dissolve 0.10 g of the substance to be
examined in acetonitrile R and dilute to 25.0 mL with the
same solvent.

Reference solution (a) Dissolve 2.8 mg of phenylbutazone CRS
(impurity A), 2.8 mg of suxibuzone impurity B CRS and
2.8 mg of suxibuzone impurity C CRS in acetonitrile Rand
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) Dissolve 4 mg of phenylbutazone CRS
(impurity A) in acetonitrile R and dilute to 100.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
acetonitrile R.
Reference solution (c) Dissolve 10 mg of phenylbutazone CRS
(impurity A) in acetonitrile R and dilute to 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 mrn;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.lIIl).

Mobile phase Mix 44 volumes of acetonitrile Rand
56 volumes of a solution prepared as follows: dissolve 6.7 g
of citric acidmonohydrate Rand 2.4 g of tris(hydroxymethyl)
aminomethane R in 950 mL of water R, adjust to pH 3.0 with
citric acid monohydrate R and dilute to 1000 mL with water R.
Flow rate 1 mIJrnin.

Detection Spectrophotometer at 250 nm.

Injection 10 ~.
Relative retention With reference to suxibuzone (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.

Suxibuzone 11-1051

Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (0.7 per cent);

- impurityB: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.7 per cent);

- impurityC: 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 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: 0.1 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)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven in vacuo at 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 10 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 to 43.85 mg of
CZ4Hz6Nz06'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

A. 4-butyl-l,2-diphenylpyrazolidine-3,5-dione
(phenylbutazone),

B. (4-butyl-3,5-dioxo-l,2-diphenylpyrazolidin-4-yl)methyl
ethyl butanedioate,
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PhEur _

_____________________ PhEur

Reference solution (a) Dissolve 5.0 mg of tacalcitol
monohydrate CRS in acetonitrile R and dilute to 25.0 mL with
the same solvent.

Reference solution (b) Heat 3 mL of the test solution at
80 DC 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 acetonitrile 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
tacalcitol impurity A CRS in 1 mL of the test solution.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase waterR, acetonitrile R (40:60 VIV).

Flow rate 2 mIJrnin.
Detection Spectrophotometer at 265 nm.

Injection 50 ul, of the test solution and reference
solutions (b), (c) and (d).

Run time 2.5 times the retention time of tacalcitol.

Identification of impurities 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.

Relativeretention With reference to tacalcitol (retention
time =about 11 min): pre-tacalcitol =about 0.8;
impurity A = about 0.9.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurity A and tacalcitol.

Calculation of percentage contents:
- for each impurity, use the concentration of tacalcitol in

reference solution (c).

Limits:
- impurity A: maximum 0.3 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- disregard limit: 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 mobile phase.

Reference solution (a) Dissolve the contents of a vial of
tacalcitol for system suitability CRS (containing impurity B) in
0.5 mL of the mobile phase.

Reference solution (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 derivative of silica gelfor chiral

separation R (10 urn).

Mobzle phase anhydrous ethanol R, heptane R (14:86 VIV).

Flow rate 1 mUmin.

Detection Spectrophotometer at 265 nm.

Injection 50~.

Run time 2.5 times the retention time of tacalcitol.

Identification of impurities Use the chromatogram supplied
with tacalcitol for system suitability CRS and the chromatogram

93129-94-3

CH3

434.7

Action and USf"

Vitamin D3 analogue.

(Ph. Bur. monograph 2272)

C. 4-butyl-4-(hydroxymethyl)-1,2-diphenyl-l,2-dihydro-4H
pyrazole-3,5-dione.

0°N=(L:I OH

ON 0 CH,

Tacalcitol Monohydrate

DEFINITION
(5Z,7E)-(24R)-9, 10-Secocholesta-5,7,10(19)-triene-lcr,3~,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
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in anhydrous
ethanol and in ethyl acetate.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of tacalcitol
monohydrate.

B. It complies with test B for related substances (see Tests).

C. Water (see Tests).

TESTS
Related substances
A. Liquid chromatography (2.2.29).

Prepare the solutions immediately before use avoiding exposure to
light and air.
Testsolution Dissolve 5.0 mg of the substance to be
examined in acetonitrile R and dilute to 25.0 mL with the
same solvent.
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109581-93-3

CH3

CH3

822

PhEur _

DEFINITION
(3S,4R,5S,8R,9E, 12S,14S,15R,16S,18R, 19R,26aS)-5,19
dihydroxy-3-[(I.E)-I-[(IR,3R,4R)-4-hydroxy-3
methoxycyclohexyl]prop-l-en-2-yl]-14, 16-dimethoxy
4,10,12,18-tetramethyl-8-(prop-2-en-l-yl)
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-l,7,20,21 (23H)-tetrone monohydrate.

Substance produced by the growth of certain strains of
Streptomyces tsukubaensis.

(Ph. Eur. monograph 2244)

Action and use
Calcineurin inhibitor; immunosuppressant.

C. (5Z,7.E)-(24R)-9, 10-secocholesta-5, 7,10(19)-triene
1~,3~,24-triol (1~-tacalcitol).

Tacrolimus Monohydrate

B. (5Z,7.E)-(24S)-9, 10-secocholesta-5,7,1O(19)-triene
1a,3~,24-triol ((24S)-tacalcitol),

____________________ PhEur

CH3

A. (5E, 7.E)-(24R)-9,10-secocholesta-5,7 ,10(19)-triene
1C'l,3~,24-triol (trans-tacalcitol),

obtained with reference solution (a) to identify the peak due
to impurity B.

Relative retention With reference to tacalcitol (retention
time = about 12 min): impurity A = about 0.7;
impurity B = about 0.85.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity Band tacalcitol.

Calculation of percentage contents:
- for each impurity, use the concentration of tacalcitol in

reference solution (b).

Limits:
- impurityB: 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 (2.5.32)
3.8 per cent to 4.8';'per cent, determined on 10.0 mg by
direct introductionof the sample in the vessel.

ASSAY
Liquid chromatography (2.2.29) as described in test A for
related substanceswith the following modification.

Injection Test solution and reference solutions (a) and (b).

Calculate the percentage content of C27~403 taking into
account the assigned content of tacalcitol monohydrate CRS
and, if necessary, the peak due to pre-tacalcitol.

STORAGE
In an airtigh container, under an inert gas, protected from
light at a temperature not exceeding -15 DC.

IMPURITIES
Test A for related substances: A.

Test B for related substances: B, C.

Specified impurities A, B.

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
criterion for other/unspecified impurities and/or 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 for pharmaceutical use) C.
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11-1054 Tacrolimus Monohydrate

Content
97.0 per cent to 102.0 per cent for the sum oftacrolimus,
tacrolimus compound I and tacrolirnus compound II
(anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, soluble in ethanol
(96 per cent), practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tacrolimus monohydrate CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution GY7 (2.2.2, MethodII).
Dissolve 0.20 g in ethanol (96 per cent) R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from lighi. AUow the testand reference solutions to standfor 3 h
at room temperature before use.
Solventmixture waterR, acetonitrile R (30:70 VlV).
Testsolution Dissolve 30.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 rnL with
the solvent mixture.

Reference solution (a) Dissolve 30.0 mg of tacrolimus
monohydrate CRS in the solvent mixture and dilute to
10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 3.0 mg of tacrolimus for system
suitability CRS (containing impurity A) in the solvent mixture
and dilute to 1.0 mL with the solvent mixture.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 rnL with the solvent mixture. Dilute 1.0 rnL of this
solution to 10.0 mL with the solvent mixture.

Column:
- size: 1=0.15 m, 0 =4.6 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 um);
- temperature: 60 "C.

Mobile phase:
- mobile phaseA: mix 20 volumes of a mixture of

19 volumes of 1,1-dimethylethyl methylether Rand
81 volumes of acetonitrile for chromatography R with
80 volumes of a 0.04 per cent V/V solution of phosphoric
acidR;

- mobile phase B: mix 20 volumes of a 0.04 per cent V/V
solution ofphosphoric add R with 80 volumes of a mixture
of 19 volumes of 1,1-dimethylethyl methylether Rand
81 volumes of acetonitrile for chromatography R;

2020

Identification of impurities Use the chromatogram supplied
with tacrolimus for system suitabz7ity 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.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurity A and tacrolimus.

Integration The peak due to impurity B, which co-elutes
with tacrolimus compound I, is a rider peak that is to be
integrated using tangential skimming. It is necessary that the
integration area of the peak due to tacrolimus compound I
preserves the Gaussian peak shape.

Calculation ofpercentage contents:
- for each impurity, use the concentration of tacrolimus in

reference solution (c).

Limits:
- impurity A: maximum 0.5 per cent;
- unspecified impurities: 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 tacrolimus compound II.

Water (2.5.12)
1.5 per cent to 4.0 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per emt, 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 the sum of tacrolimus,
tacrolirnus compound I and tacrolimus compound II taking
into account the assigned content of tacrolimus
monohydrate CRS.

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

IMPURITIES
Specified impurities A.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorotherof the tests
in the monograph. They arelimited 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) B, C, D, E, H, 1.

Time
(min)

0-30

30 - 53

Mobile phase A
(per cent VIP)

72

72 -> 15

Mobile phase B
(per cent VIP)

28

28 -> 85

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 220 nm.

Autosampler Set at 4 "C.

Injection 20 ul, of the test solution and reference
solutions (b) and (c).
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A. (3S,4R,5S,8R,9E, 12S,14S, 15R,16S,18R,19R,26aS) -8
ethyl-5,19-dihydroxy-3-[(llD-l-[(IR,3R,4R)-4-hydroxy-3
methoxycyclohexyl]prop-l-en-2-yl]-14, 16-climethoxy
4,10, 12,18-tetramethyl
3,4,5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a
oetadecahyqro-7H-15,19-epoxypyrido[2,I-c] [1,4]
oxaazacyclotricosine-I,7,20,21 (23.H)-tetrone,

D. (3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-5,19
dihydroxy-3-[(llD-l-[(IR,3R,4R)-4-hydroxy-3
methoxycyclohexyl]prop-l-en-2-yl]-14, 16-dimethoxy-
4,10,12,18-tetramethyl-8-(prop-2-en-l-yD
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-c] [1,4]
oxaazacyclotricosine-l,7,20,21 (23H)-tetrone,

H····
CH3

CH3

B. (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8
ethyl-5,19-dihydroxy-3-[(llD-l-[(IR,3R,4R)-4-hydroxy-3
methoxycyclohexyl]prop-l-en-2-yl]-14,16-dimethoxy
4,10,12,18-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-l,7,20,21 (23.H)-tetrone,

E. (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-5,19
dihydroxy-3-[(llD-l-[(IR,3R,4R)-4-hydroxy-3
methoxycyclohexyl]prop-l-en-2-yl]-14,16-dimethoxy-
4,10,12,18-tetramethyl-8-propyl- '
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-c] [1,4]
oxaazacyclotricosine-l,7,20,21 (23.H)-tetrone,

H i H
H" H OCH3 CH3

CH3 OCH3

o

c. (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-5,19
dihydroxy-3- [(lE)-1-[(1R,3R,4R)-4-hydroxy-3
methoxycyclohexyljprop-I-en-2-yl]-14,16-dimethoxy
4,12,18-ncirnethy~8-GProp-2-en-l-yD

3,4,5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a
oetadecahydro-7H-15,19-epoxypyrido[2,I-c] [1,4]
oxaazacyclotricosine-l,7,20,21(23.H)-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-l-en-2-yl]-14, 16-climethoxy
4,10,12,18-tetramethyl-8-(prop-2-en-l-yl)
3,4,5,6,11,12,13,14,15,16,17,18,24,25,26,26a
hexadecahydro-7H-pyrido [2, l-c] [1,4]oxaazacyclotricosine
1,7,19,20,21(8H,23.H)-pentone (tacrolimus compound I),
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Tadalafil
(ph. Bur. monograph 2606)

171596-29-5389.4

PhEur _

Action and use
Selective inhibitor of cyclic GMP-specific phosphodiesterase
(Type V) with vasodilator action; treatment of erectile
dysfunction.

DEFINITION
(6R,12aR)-6-(1,3-Benzodioxol-5-yl)-2-methyl-Z,3,6,7,12,12a
hexahydropyrazino[l',2':1,6]-pyrido[3,4-b]indole-l,4-dione.

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.

IDENTIFICATION
Carry out either tests A, B or tests A, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tadalafil CRS.
B. Liquid chromatography (2.2.29) as described in the test
for impurities A, B and C with the following modification.

Injection Test solution and reference solution (a).

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).

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.

TESTS
Impurities A, Band C
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R1, hexane R, 2-propanol R1
(20:40:40 VIVIV).

Solution A Dissolve 27 g of tetrabutylammonium hydroxide R
in methanol R and dilute to 100.0 mL with the same solvent.

Test solution Dissolve 25.0 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 25.0 mg of tadalafil CRS in
the solvent mixture and dilute to 100.0 mL with the solvent
mixture.

G. (3S,4R,5S,8R,9B, 12S,14S,15R,16S,18R,19S,26aS)-5,19
dihydroxy-3-[(1E)-1-[(1R,3R,4R)-4-hydroxy-3
methoxycyc1ohexyl]prop-1-en-2-yl]-14,16-dimethoxy-
4,10,12, 18-tetramethyl-8-(prop-2-en-l-yl)
3,4,5,6,8,11,12,13,14,IS,16,17,18,19,24,ZS,26,26a
octadecahydro-7H-1S,19-epoxypyrido (2, l-c][1,4]
oxaazacyclotricosine-1,7,20,21 (231:l)-tetrone (tacrolimus
compound II),

H. (1E,3S,4R,SS,8R,9E,12S,14S)-S-hydroxy-1-[(1R,3R,4R)
4-hydroxy-3-methoxycyclohexyl]-14-methoxy-14
[(2R,3S,SR)-3-methoxy-S-methyl-6-oxooxan-Z-yl]
2,4,10,12-tetramethyl-7-oxo-8-(prop-2-en-1-yl)tetradeca
1,9-dien-3-yl (2S)-1-formylpiperidine-2-carboxylate,

H....
CH3

OH

H~H1
H

3CO
--. ".

'H
CH3

cf
:0 H: H.... OHO

. 0 ...-

N H CH3
"'CHO

H
o

___________________ PhEur

1. (3S,4R,SE,8R,9B,12S,14S,15R,16S,18R,19R,26aS)-19
hydroxy-3-[(1E)-1-[(1R,3R,4R)-4-hydroxy-3
methoxycyc1ohexyl]prop-1-en-2-yl]-14, 16-dimethoxy
4,10,12, 18-tetramethyl-8-(prop-2-en-1-yl)
3,4,8,11,12,13,14,15,16,17,18,19,24,2S,26,26a
hexadecahydro-7H-15,19-epoxypyrido [Z,1-c] [1,4]
oxaazacyclotricosine-1,7,20,21 (231:l)-tetrone.
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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 impurity A in situ,
dissolve 25 mg of the substance to be examined in 40 mL of
the solvent mixture. Add 1 mL of solution A, mix well and
allow to stand for 20 min. Add 1 mL of trifluoroacetic acidR
and dilute to 100.0 mL with the solvent mixture.

Reference solution (d) To 1.0 mL of the test solution add
1.0 mL of reference solution (c) and dilute to 50.0 mL with
the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: silica gelAD for chiral separation R

(10 1J1l1);
- temperature: 30 °C.

Mobile phase hexaneR, 2-1Jropanol Rl (50:50 VIV).

Flow rate 0.75 mlJmin.

Detection Spectrophotometer at 222 nm.

Injection-20 ul, ofthe test solution and reference
solutions (bjand (d).

Run time 2~2 times the retention time of tadalafil.

Identification ·ofimi~h:ties Use the chromatogram obtained
with reference solution (d) to identify the peak due to
impurity A.

Relative retention With reference to tadalafil (retention
time =about 11 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:
- impurity A: 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).

Related substances
Liquid chromatography (2.2.29). Do not usesonication during
thepreparation of the solutions.

Solventmixture acetonitrile R, 2-propanol R (50:50 VIV).

Solution A Dissolve 27 g of tetrabutylammonium hydroxide R
in methanol R and dilute to 100.0 mL with the same solvent.

Testsolution (a) Dissolve 40 mg of the substance to be
examined in 50 mL of acetonitrile R and dilute to 100.0 mL
with mobile phase A.

Testsolution (b) Dissolve 50.0 mg of the substance to be
examined in 50 mL of acetonitrile R and dilute to 100.0 mL
with mobile phase A. To 10.0 mL of this solution add
25.0 mL of acetonitrile R and dilute to 50.0 mL with mobile
phase A.
Reference solution (a) To 1.0 mL of test solution (a) add
50 mL of acetonitrile R and dilute to 100.0 mL with mobile
phase A. To 1.0 mL of this solution add 5 mL of
acetonitrile R and dilute to 10.0 mL with mobile phase A.
Reference solution (b) In order to prepare impurity A in situ,
dissolve 4.0 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 1 mL of trifiuoroacetic acidRand
dilute to 100.0 mL with the solvent mixture.

Reference solution (c) Dilute 1 mL of reference solution (b)
to 50.0 mL with test solution (a).

Tadalafil 11-1057

Reference solution (d) Dissolve 50.0 mg of tadalafil CRS in
50 mL of acetonitrile R and dilute to 100.0 mL with mobile
phase A. To 10.0 mL of this solution add 25.0 mL of
acetonitrile R and dilute to 50.0 mLwith mobile phase A.
Column:
- size: 1= 0.25 m, (2) = 4.6 mm;
- stationary phase: ocrylsilyl silica gelfor chromatography R

(5 1J1l1);
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: mix 1.0 mL of trifluoroacetic acidR with

waterR and dilute to 1000 mL with the same solvent;
- mobile phaseB: acetonitrile R;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (percentJ'l'V)

0-3 85 15

3 - 30 85 -> 5 15 -> 95

30 - 33 5 95

Flow rate 1.0 mLlmin.

Detection Spectrophotometer at 285 nm.

Injection 20 ~ 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.

Relativeretention With reference to tadalafil (retention
time =about 16 min): impurities A and C =about 1.03.

System suitability Reference solution (c):
- peak-to-valley 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
tadalafil.

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 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 (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 105°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 acetonitrile R, mobile phase A (45:55 VIV).

Flow rate 1.5 mUmin.

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 C22H19N304 from the
declared content of tadalafilCRS.
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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 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 identifythese impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, C, D, E, F, G, H, 1.

A. (6R,12aS)-6-(1,3-benzodioxol-5-yl)-2-methyl-
2,3,6,7,12,12a-hexahydropyrazino(I',2': 1,6]pyrido(3,4-b]
indole-l,4-dione,

B. (6S,12aS)-6-(1,3-benzodioxol-5-yl)-2-methyl-
2,3,6,7,12,12a-hexahydropyrazino[I',2': 1,6]pyrido[3,4-b]
indole-l,4-dione,

C. (6S,12aR)-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,

D. (6bR)-12- (1,3-benzodioxol-5-yl)-12a-hydroxy-8-methyl
6a,6b,8,9,12,12a-hexahydropyrazino[1 ',2':1,2]pyrrolo[3,4
c]quinoline-6,7,10 (5H)-trione,

2020

E. (6R,12aR,12bR)-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-l,4,12(6H)-trione,

F. (8a'R)-6'-(1,3-benzodioxol-5-yl)-2'-methyl-2 ',3',8 ',8a'
tetrahydro-6'H-spiro(3, l-benzoxazine-I,7 '-pyrrolo [1,2-a]
pyrazine]-1 ',2,4' (1H)-trione,

G. (12bR)-6-(1,3-benzodioxol-5-yl)-12-hydroxy-2-methyl
2,3,6,12b-tetrahydropyrazino(1 ',2':I,5]pyrrolo(3,4-b]
quinoline-l,4-dione,

H. (6R,14aR)-6-(1,3-benzodioxol-5-yl)-2-methyl-2,3,14,14a
tetrahydropyrazino [1,2-d] (1,4]benzodiazonine-
1,4,7, 13(6H,8H)-tetrone,

1. (8a'R)-6'-(1,3-benzodioxol-5-yl)-2'-methyl-2 ',3',8',8a'
tetrahydro-6'H-spiro [indole-3,7'-pyrrolo [1,2-a]pyrazine]
i:,2,4' (1H)-trione.

_______________--,- PhEur
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Purified Talc
(Talc;, Ph. Bur. monograph 0438)

14807-96-6

Preparation
Talc Dusting Powder
PhEur _

DEFINITION
Powdered, selected, natural, hydrated magnesium silicate.
Pure talc has the formula Mg3Si40 lO(OHh (Mr 379.3).
It may contain 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)
are predominant.

PRODUCTION
Talc derived from deposits that are known to contain
associated asbestos if). not suitable for pharmaceutical use.
The manufactureris responsible for demonstrating by the
test for amphiboles .and serpentines that the product is free
from asbestos. Thepresence of amphiboles and of
serpentines is revealed by X-ray diffraction or by infrared
spectrophotometry {see A and B). If detected, the specific
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 cm'" to 760 em"! using scale expansion,
any absorption band at 758 ± 1 em"! may indicate the
presence of tremolite or of chlorite. If the absorption band
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 cm" 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 smooth its surface with a polished glass microscope slide.

Radiation: Cu Ka. monochromatic, 40 kV, 24-30 mAo

Incident slit 1°.

Detection slit 0.2°.

Goniometer speed 1/10° 28/min.

Scanning range 10-13° 28 and 24-26° 28.

Sample Not oriented.

Results The presence of amphiboles is detected by a
diffraction peak at 10.5 ± 0.1° 28, the presence of
serpentines is detected by diffraction peaks at 24.3 ± 0.1 0 28
and at 12.1 ± 0.1 0 28.

If, by one of the 2 methods, amphiboles and/or serpentine are
detected, examine by a suitable methodof optical 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 of 20:1 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;

Talc 11-1059

- matted masses of individual fibres and/or fibres showing
curvature.

CHARACTERS
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.

Secondidentification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs of potassium bromide R.

Absorption bands At 3677 ± 2 cm'", 1018 ± 2 cm" and
669 ± 2 cm' '.

B. 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 Ofhot waterR. Add hydrochloric
acid R until effervescence ceases. Add 10 mL of hydrochloric
acid R and evaporate to dryness on a water-bath. 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 the
filtrate add 1 mL of ammonia R and 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 Sl
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
undissolved material to settle. Filter the supernatant through
medium-speed filter paper into a 100 mL volumetric flask,
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 to cool and dilute to 100.0 mL
with the same solvent.

Solution S2
Perchlorates mixed with heavy metals are known to be explosive.
Take proper precautions while performing this procedure Weigh
0.5 g in a 100 mL polytetrafluoroethylene dish, add 5 mL of
hydrochloric acid R, 5 mL of lead-free nitric acidRand 5 mL
of perchloric acid R. Stir gently then add 35 mL of hydrofluoric
acid R and evaporate slowly to dryness on a hot plate. To the
residue, add 5 mL of hydrochloric acid R, cover with a watch
glass, heat to boiling and allow to cool. Rinse the watch-glass
and the dish with water R. Transfer into a volumetric flask,
rinse the dish with water R and dilute to 50.0 mL with the
same solvent.

Acidity or alkalinity
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 bluesolution R1; 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
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of phenolphthalein solution Rl; not more than 0.3 mL of
0.01 M sodium hydroxide is required to change the colour of
the indicator to pink.

Water-soluble substances
Maximum 0.2 per cent.

To 10.0 g add 50 mL of carbon dioxide-free waterR, 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 water R.
Take 25.0 mL of the filtrate, evaporate to dryness and heat
at 105 DC for 1 h. The residue weighs a maximum of 10 mg.

Aluminium
Maximum 2.0 per cent.

Atomic absorption spectrometry (2.2.23, Method I).

Test solution To 5.0 mL of solution S2 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 hydrochloric 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 (100 ppm Al) R and dilute to
100.0 mL with waterR.
Source Aluminium hollow-cathode lamp.

Wavelength 309.3 nm.
Atomisation device Nitrous oxide-acetylene flame.

Calcium
Maximum 0.9 per cent.

Atomic absorption spectrometry (2.f. 23, Method I).

Test solution To 5.0 mL of solution S2 add 10.0 rnl, of
hydrochloric acidR, 10 mL of lanthanum chloride solution R
and dilute to 100.0 mL with water R.
Reference solutions Into 4 identical volumetric flasks, each
containing 10.0 mL of hydrochloric acidRand 10 mL of
lanthanum chloride solution R, introduce respectively 1.0 mL,
2.0 mL, 3.0 mL and 5.0 mL of calcium standard solution
(100 ppm Ca) Rl and dilute to 100.0 mL with water R.
Source Calcium hollow-cathode lamp.

Wavelength 422.7 nm.
Atomisation device Nitrous oxide-acetylene flame.

Iron
Maximum 0.25 per cent.

Atomic absorption spectrometry (2.2.23, MethodI).

Test solution To 2.5 mL of solution Sl, add 50.0 mL of
0.5 M hydrochloric acidand dilute to 100.0 mL with water R.
Reference solutions Into 4 identical volumetric flasks, each
containing 50.0 mL of 0.5 lVI hydrochloric acid, 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
water R.
Source Iron hollow-cathode lamp.

Wavelength 248.3 nm.
Atomisation device Air-acetylene flame.

Correction Deuterium lamp.

Lead
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23, MethodI).

Test solution Use solution S1.

Reference solutions Into 4 identical volumetric flasks, each
containing 50.0 mL of 0.5 M hydrochloric acid, introduce
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respectively 5.0 mL, 7.5 mL, 10.0 mL and 12.5 mL of lead
standard solution (10 ppm Pb) Rl and dilute to 100.0 rnl, with
waterR.
Source Lead hollow-cathode lamp.

Wavelength 217.0 nm.
Atomisation device Air-acetylene flame.

Magnesium
17.0 per cent to 19.5 per cent.

Atomic absorption spectrometry (2.2.23, MethodI).

Test solution Dilute 0.5 mL of solution 82 to 100.0 mL with
waterR. To 4.0 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 water R.
Reference solutions Into 4 identical volumetric flasks, each
containing 10.0 mL of hydrochloric acidRand 10 mL of
lanthanum chloride solution R, introduce respectively 2.5 mL,
3.0 mL, 4.0 mL and 5.0 mL of magnesium standard solution
(10 ppm Mg) R1 and dilute to 100.0 mL with water R.
Source Magnesium hollow-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 DC.

Microbial contamination
If intended for cutaneous administration:
- TAMC: acceptance criterion 102 CFU/g (2.6.12).

If intended for oral administration:
- TAMC: acceptance criterion 103 CFU/g (2.6.12);
- TYMC: acceptance criterion 102 CFU/g (2.6.12).

LABELLING
The label states, where applicable, that the substance is
suitable for oral or cutaneous administration.

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 used as an excipient (see chapter
5.15). Some of the characteristics described in theFunctionality
related characteristics section may also bepresent in themandatory
part of the monograph since they also represent mandatory quality
criteria. In suchcases, a cross-reference to the tests described in the
mandatory part is included in theFunctionality-related
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal product by improving the consistency
of the manufacturing process and theperformance of themedicinal
product duringuse. 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 characteristic are
reponed, the control methodmust beindicated.
Thefollowing characteristics may berelevant for talcused as
antisticking agentorglidant in tablets and capsules oras
antiadhesive in coated and film-coated tablets.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26)
_____________________ PhEur
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PhEur ~---------------

Tamoxifen Citrate Plate TLC silica gelF254 plate R.

Mobilephase triethylamine R, toluene R (10:90 VIV).

Application 5 J1L.
Development Over 3/4 of the plate.

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).

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use and protect from light.

Test solution 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 (a) Dissolve 3 mg of tamoxifen citrate for
performance testCRS (containing impurities A and F) in the
mobile phase 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 with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 f.UTI).

Mobile phase Mix 40 volumes of acetonitrile Rand
60 volumes of water R containing 0.9 gIL of sodium
dihydrogen phosphate R and 4.8 gIL of N}N
dimethylactylamine R; adjust to pH 3.0 with phosphoric acidR.

Flow rate 1.2 mLlmin.

Detection Spectrophotometer at 240 urn.

Injection 10 ~L.

Run time Twice the retention time of tamoxifen.

Identification of impurities Use the chromatogram supplied
with tamoxijen citrate for performance test CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A and F.

Relativeretention With reference to tamoxifen (retention
time = about 20 min): impurity A = about 0.8;
impurity F = about 0.9.

System suitability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurities A and F; baseline separation between the peaks
due to impurity F and tamoxifen.

Limits:
- 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 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: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.5 per cent);

54965-24-1563.6

DEFINITION
2-[4-[(Z)-1,2-Diphenylbut-1-en-1-yl]phenoxy]-N,N
dimethylethan-1-amine dihydrogen 2-hydroxypropane-1,2,3
tricarboxylate.

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

CHARACTERS
Appearance
White or almost white, crvstalline 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 to
50.0 mL with the same solvent. Dilute 5.0 mL of the
solution to 100.0 mL with methanol R.
Spectral range 220-350 urn.

Absorption maxima At 237 nm and 275 nm.

Absorbance ratio A2371A275 = 1.45 to 1.65.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison tamoxijen citrate CRS.

If 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 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 methanol R and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of tamoxifen
citrate CRS in methanol R and dilute to 10 mL with the same
solvent.

Reference solution (b) Dissolve 10 mg of clomifene citrate CRS
and 10 mg of tamoxifen citrate CRS in methanol R and dilute
to 10 mL with the same solvent.

(Ph. Bur. monograph 1046)

Action and use
Selective estrogen receptor modulator.

Preparations
Tamoxifen Oral Suspension
Tamoxifen Tablets'~·'

~, 'JI,....."'I ....
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- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent); disregard any peak due 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 1.0 g.

ASSAY
Dissolve 0.400 gin 75 m.Lof anhydrous acetic acid R. 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 56.36 mg
of C32H37NOs.

IMPURITIES
Specified impurities A~ F.

Otherdetectable impurities (the following substances would, if
present at a sufficient leod, 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 for pharmaceutical use) B, C, D, E, G, H.

A. 2- [4- [(E) -1,2-diphenylbut-l-en-l-yl]phenoxy] -N,N
dimethylethan-1-amine ((E)-isomer),

B. 1-[4-[2-(dimethylamino)ethoxy]phenyl]-1,2
diphenylbutan-1-ol,

2020

and (Z)-isomer

E. 2-[2- [(EZ)-l ,2-diphenylbut-l-en-1-yl]phenoxy]-N,N
dimethylethan-l-amine,

F. 2-[4-[(Z)-1,2-diphenylbut-1-en-l-yl]phenoxy]-N
methylethan-1-amine,

G. 1-[4-[2-(dimethyl amino)ethoxy]phenyl]-2-phenylbutan-1
one,

and enantiomer

H.2-[4-[(RS)-[4-[(Z)-1-[4-[2-(dimethylamino)ethoxy]
phenyl] -2-phenylbut-1-en-1-yl]phenyl] (phenyl)methyl]
phenoxy]-N,N-dimethylethan-1-amine.

___________________ PhEur

O~N,.CH3

I
CH3

and (Z}-isomer
Tamsulosin Hydrochloride
(Ph. Eur. monograph 2131)

C.2-[4-[(EZ)-1,2-diphenyleth-1-en-1-yl]phenoxy]-N,N
dimethylethan-1-amine,

O~N,.CH3

I
CH3

and (Z)-isomer

D.2-[4-[(EZ)-1,2-diphenylprop-l-en-l-yl]phenoxy]-N,N
dimethylethan-l-amine,

445.0

Action and use
Alpha-1-adrenoceptor antagonist.

Preparations
Tamsulosin Prolonged-release Capsules

Tamsulosin Prolonged-release Tablets

, HCI

106463-17-6
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PhEur _

DEFINITION
5-[(2R)-2-[[2-(2-Ethoxyphenoxy)ethyl]amino]propyl]-2
methoxybenzenesulfonamide hydrochloride.

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

CHARACTERS
Appearance
White or almost white powder.

Solubility
Slightly soluble in water, freely soluble in formic acid, slightly
soluble in anhydrous ethanol.

mp
About 230 -c.
IDENTIFICATION
Carry out either tests A, C, D or tests A, B, D.

A. Infrared absorpE.on spectrophotometry (2.2.24).

Comparison tamsulosin hydrochloride CRS.

B. Specific opticalrotation (2.? 7): -20.5 to -17.5 (dried
substance).

Dissolve with heating 0.15 g in waterR and dilute to
20.0 mL with the same solvent.

C. Enantiomeric purity (see Tests).

D. Dissolve with heating 0.75 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 nitric acidRand
shake. Allow to stand at room temperature for 30 min and
filter. The filtrate gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
A. Impurities eluting before tamsulosin. Liquid
chromatography (2.2.29).

Testsolution 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) 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 tamsulosin
impurity D CRS and 4 mg of the substance to be examined in
the mobile phase and dilute to 20.0 mL with the mobile
phase. Dilute 2.0 mL of this solution to 20.0 mL with the
mobile phase.

Reference solution (c) Dissolve 4 mg of tamsulosin
impurity H CRS and 4 mg of the substance to be examined
in the mobile phase and dilute to 20.0 mL with the mobile
phase. Dilute 2.0 mL of this solution to 20.0 mL with the
mobile phase.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: oetadecylsilyl silica gelfor

chromatography R (5 J.lIl1);
- temperature: 40 "C.

Mobile phase Dissolve 3.0 g of sodium hydroxide R in a
mixture of 8.7 mL of perchloric acidR and 1.9 L of waterR;
adjust to pH 2.0 with 0.5 M sodium hydroxide and dilute to
2 L with waterR; to 1.4 L of this solution, add 600 mL of
acetonitrile R.
Flow rate 1.3 mIJmin.

Detection Spectrophotometer at 225 nm.

Tamsulosin Hydrochloride 11-1063

Injection 10 ul, of the test solution and reference
solutions (a) and (b).

Run time 1.5 times the retention time of tamsulosin
(retention time = about 6 min).

System suitability Reference solution (b):
- resolution: minimum 6 between the peaks due to

impurity D and tamsulosin.

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);

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtained with reference
solution (a) (0.05 per cent).

B. Impurities eluting after tamsulosin. Liquid
chromatography (2.2.29) as described in test A with the
following modifications.

Mobile phase Dissolve 3.0 g of sodium hydroxide R in a
mixture of 8.7 mL of perchloric acidRand 1.9 L of waterR;
adjust to pH 2.0 with 0.5 M sodium hydroxide and dilute to
2 L with water R; add 2 L of acetonitrile R.
Flow rate 1.0 mUmin.

Injection 10 ul, of the test solution and reference
solutions (a) and (c).

Run time 5 times the retention time of tamsulosin (retention
time = about 2.5 min).

System suitabiluy Reference solution (c):
- resolution: minimum2 between the peaks due to

tamsulosin and impurity H.

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);

- sum of 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 obtained with reference
solution (a) (0.05 per cent).

Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 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 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 5.0 mg of tamsulosin
racemate CRS in methanol R and dilute to 25.0 mL with the
same solvent. Dilute 2.0 mL of this solution to 10.0 mL with
methanol R.

Column:
- size: 1= 0.25 m, 0 = 4.6 rom;
- stationary phase: silica gelAD for chiral separation R;
- temperature: 40°C.

Mobile phase diethylamine R, methanol R, anhydrous
ethanol R, hexane R (1:150:200:650 VIVIVIV).

Flow rate 0.5 mUmin.

Detection Spectrophotometer at 225 nm.

Injection 10 ~lL.
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Relative retention With reference to tamsulosin (retention
time = about 14 min): impurity G = about 0.8.

System suitability Reference solution (b):
- resolution: minimum 2 between the peaks due to

impurity G and tamsulosin.

Limit:
- impurity G: not more than the area of the principal peak

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 for 2 h.

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

ASSAY
Dissolve 0.350 gin 5.0 mL of anhydrous formic acid R, add
75 mL of a mixture of 2 volumes of acetic anhydride Rand
3 volumes of glacial acetic acidR. Titrate immediately with
0.1 M perchloric 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 44.50 mg
of CZOHZ9CINZOSS.

IMPURITIES
Specified impurities G.
Other detectable 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
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 pharmaceutical use) A, B, C, D, E, F, H, 1.

A. 5-[(2R)-2-[bis[2-(2-ethoxyphenoxy)ethyl]amino]propyl]-2
methoxybenzenesulfonamide,

B. 5- [(2R)- 2-aminopropyl]-2-methoxybenzenesulfonamide,

C. 2-methoxy-5-[(2R)-2-[ (2-phenoxyethyl) amino]
propyl] benzenesulfonamide,
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D.2-methoxy-5-[(2R)-2-[[2-(2-methoxyphenoxy)
ethyl]amino] propyl] benzenesulfonamide,

E. 5-formyl-2-methoxybenzenesulfonamide,

F.2-(2-ethoxyphenoxy)ethanamine,

G.5-[(2S)-2-[[2-(2-ethoxyphenoxy)ethyl]amino]propyl]-2
methoxybenzenesulfonamide,

H. (2R)-N- [2-(2-ethoxyphenoxy)ethyl]-1-(4
methoxyphenyl)propan-2-amine,

I. 1-(2-bromoethoxy)-2-ethoxybenzene.
____________________ PhEur

Tannic Acid
(Ph. Eur. monograph 1477)

Action and use
Astringent.

PhEur _

DEFINITION
Mixture of esters of glucose with gallic acid and
3-galloylgallic acid.

CHARACTERS
Appearance
Yellowish-white or slightly brown amorphous light powder or
shiny plates.
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Solubility
Very soluble in water, freely soluble in acetone, in ethanol
(96 per cent) and in glycerol (85 per cent), practically
insoluble in methylene chloride.

IDENTIFICATION
A. Dilute 0.1 mL of solution S (see Tests) to 5 mL with
waterR. Add 0.1 mL oiferric chloride solution R1. A blackish
blue colour is produced which becomes green on the
addition of 1 mL of dilutesulfuric acidR.

B. To 1 mL of solution S, add 3 mL of a 1 gIL solution of
gelatin R. The mixture becomes turbid and a flocculent
precipitate is formed.

C. Dilute 0.1 mL of solution S to 5 mL with waterR.
Add 0.3 mL of bariumhydroxide solution R. A greenish-blue
precipitate is formed.

TESTS
Solution S
Dissolve 4.0 g in carbon dioxide-free waterR and dilute to
20 mL with the.same.solvent.

Appearance of sol':ltion
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 ofethanol (96 per cent) R.
The solution is clear. Add 1 mL of ether R. The solution
remains clear for at least 10 min.

Resins
To 5 mL of solution S, add 5 mL of water R. The mixture
remains clear (2.2.1) for at least 15 min.

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.
____________________ PhEur

Tartaric Acid 11-1065

Coal Tar
Action and use
Used in treatnient of psoriasis.

Preparations
Betamethasone Valerate and. Coal Tar Paste

Coal Tar and SalicylicAcid Ointment

Coal Tar Solution

Strong Coal Tar Solution

Zinc and Coal Tar Paste

DEFINITION
Coal Tar is a product obtained from bituminous coal by
destructive distillation at about 10000

•

C~CTERISTICS

A nearly black, viscous liquid. On exposure to air, the
viscosity gradually increases. It burns in air with a luminous,
sooty flame. It has a weight per mL of about 1.15 g.

Slightly soluble in water; partly soluble in ethanol, in ether and
in volatile oils.

IDENTIFICATION
A. A saturated solution is alkaline to litmus solution.

B. Carefully add 0.5 g to 10 mL of petroleum spirit (boiling
range, 40° to 60°) and allow to stand for 30 minutes. When
examined in daylight, the supernatant liquid has a blue
fluorescence which becomes more intense when viewed
under ultraviolet light (365 nm).

TESTS
Ash
Not more than 2.0%, Appendix XI J.

Tartaric Acid
(Ph. Bur. monograph 0460)

PhEur _

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 in ethanol (96 per cent).

IDENTIFICATION
A. Solution S (see Tests) is strongly acid (2.2.4).

B. It gives the reactions of tartrates (2.3.1).

Tar
Action and use
Used in treatment of psoriasis.

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.

CHARACTERISTICS
Dark brown or nearly black, semi-liquid; denser than water.

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 water for 5 minutes is acidic to litmus paper.

B. Carefully add 0.5 g to 10 mL of petroleum spirit (boiling
range, 400 to 600

) and allow to stand for 30 minutes. When
examined in daylight no fluorescence is produced.

150.1 87-69-4
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TeicoplaninTESTS
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 Y6 (2.2.2, MethodII).

Specific optical rotation (2.2.7)
+ 12.0 to + 12.8 (dried substance).

Dissolve 5.00 g in water R and dilute to 25.0 mL with the
same solvent.

Oxalic acid
Maximum 360 ppm, calculated as anhydrous oxalic acid.

Dissolve 0.80 gin 4 mL of waterR. Add 3 mL of hydrochloric
acidRand 1 g of zinc R in granules and boil for I min.
Allow to stand for 2 min. Collect the liquid in a test-tube
containing 0.25 rnL 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 ofpotassium
jerricyanide 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 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 10m"':,. 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 acetate 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 gin 25 mL of water R. Titrate with 1 M
sodium hydroxide using 0.5 ml..of phenolphthalein solution R as
indicator, until a pink colour is obtained.

1 mL of 1 M sodium hydroxide is equivalent to 75.05 mg
ofC4H60 6•

____________________ PhEur
61036-62-2

Action and use
Glycopeptide antibacterial.

PhEur _

DEFINITION
Mixture of glycopeptides produced by certain strains of
Actinoplanes teichomyceticus sp.; the 6 principal components of
the mixture are teicoplanins AZ- 1 to AZ-5 and
teicoplanin A3- 1l and 2 minor components are teicoplanins
AZ- 1a and AZ-1b •

Fermentation product.

Potency
Minimum 900 lUlmg (anhydrous and sodium chloride-free
substance).
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Row rate 2.3 mUmin.
Detection Spectrophotometer at 254 nm.

Injection 20 ~ of the test solution and reference
solutions (a) and (b).

Identification Use the chromatogram supplied with
teicoplanin for identification CRS and the chromatogram
obtained with reference solution (a) to identify the groups
and components.

Relativeretention With reference to teicoplanin Az-z
(retention time =about 18 min):
- teicoplanin A3 group ~ 0.70:

- teicoplanin A3-1 =about 0.43.
- teicoplanin Az group > 0.70 including:

- teicoplanin AZ-1 group> 0.70 and < 1.00:
- teicoplanin AZ-1a = about 0.85;
- teicoplanin AZ-1b =about 0.88;
- teicoplanin AZ-1 = about 0.93;
- teicoplanin Az-z =1.00;
- teicoplanin AZ-3 group > 1.00 and < 1.12:
- teicoplanin AZ-3 =about 1.03;
- teicoplanin AZ-4 =about 1.12;
- teicoplanin Az-s group> 1.12 and < 1.25:
- teicoplanin Az-s = about 1.15;
- teicoplanin AZ-6 group ~ 1.25:
- teicoplanin-like related substance RS AZ-6a = about

1.25;
- teicoplanin-like related substance RS AZ-6b =about

1.30;
- teicoplanin-like related substance RS AZ-6c = about

1.38.

System suitability:
- the chromatogram obtained with reference solution (a) is

similar to the chromatogram suppliedwith teicoplanin for
identification CRS;

- resolution: minimum 1.0 between the peaks due to
teicoplanin AZ-4 and teicoplanin Az-s in the chromatogram
obtained with reference solution (a);

- signal-to-noise ratio: minimum 40 for the peak due to
teicoplanin Az-z in the chromatogram obtained with
reference solution (b).

Calculate the percentage contents using the following
equations:

CHARACTERS
Appearance
White or yellowish, amorphous powder.

Solubility
Freely soluble in water, sparingly soluble in
dimethylformarnide, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison teicoplanin for identification CRS.
B. Examine the chromatograms obtained in the test for
composition.

Results The principal peaks (teicoplanins A3- h AZ- h Az-z,
AZ-3' AZ-4 and Az-s) and the 2 minor peaks (teicoplanins
AZ-1a and AZ-1b) in the chromatogram obtained with the test
solution are similar in retention time and size to the principal
peaks in the chromatogram obtained with reference
solution (a).

TESTS
Appearance of so,~ption .
The solution is cleaf (2.2.1) and not more intensely coloured
than reference sohi~ibn BY3 or B4 (2.2.2, Method I).

Dissolve 0.8g in tlfmL 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 waterR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dissolve 20 mg of teicoplanin for
identification CRS in waterR 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 water R. Dilute 1.0 mL of this solution to
20.0 mL with water R.
Reference solution (c) Dissolve 50.0 mg of mesityl oxide 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
water R. Dilute 1.0 mL of this solution to 100.0 mL with
water R.
Column:
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (5 1JlIl).

Mobile phase:
- mobile phase A: mix 900 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
100 mL of acetonitrile R;

- mobile phase B: 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;

Time
(min)

0-30

30 - 31

31- 35

teicoplanin A3 group

teicoplanin A2 group

teicoplanin A2-1 group

teicoplanin A2- 1a

teicoplanin A2- 1b

teicoplanin A2-1

teicoplanin A2-2

Mobile phase A
(per cent VIV)

100 -> 50

50 -> 10

10

0.83 X 83 x 100
82 +0.83 XS3

82 x 100
82 + 0.83 XS3

S2-1 x 100
S2 +0.83 XS3

A2- 1a X 100
82 +0.83 XS3

A2- 1b x 100
S2 +0.83 XS3

A2- 1 x 100
S2 +0.83 XS3

A2- 2 x 100
S2 +0.83 XS3

Mobile phase B
(per cent V/JI)

0->50

50 -> 90

90
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Limits:
...,- teicoplanin Az group: 84.0 per cent to 98.0 per cent;
- teicoplanin Az-z: 37.0 per cent to 50.0 per cent;
- teicoplanin AZ-1 group: 10.0 per cent to 19.0 per cent;
- teicoplanin AZ-5 group: 7.0 per cent to 17.0 per cent;
- teicoplanin AZ-4: 7.0 per cent to 15.0 per cent;
- teicoplanin AZ-5: 7.0 per cent to 15.0 per cent;
- teicoplanin AZ-3 group: 5.0 per cent to 11.0 per cent;
- teicoplanin A3 group: 4.0 per cent to 12.0 per cent;
- teicoplanin A Z-3: 4.0 per cent to 8.5 per cent;
- teicoplanin AZ-1: 2.0 per cent to 7.0 per cent;
'- teicoplanin A Z-1a: 0.5 per cent to 5.5 per cent;
- teicoplanin A Z-1b: 0.5 per cent to 4.0 per cent;
- teicoplanin A Z-6 group: maximum 5.0 per cent;
- disregard limit: 0.25 per cent.

Related substances
Liquid chromatography (2.2.29) as described in the test for
composition. Use the normalisation procedure.

Use the chromatogram obtained with reference solution (a)
to identify all 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 solution (a) should be considered as a non
teicoplanin-like impurity, unless it is characterized by other
means.

teicoplanin AZ-6 group

teicoplanin AZ- 5 group

ARSTLx
(S2+0.83 x S3) x 100

area of the peak due to the non-teicoplanin-like
impurity (x) in the chromatogram obtained with
the test solution.

area of the peak due to the teicoplanin-like related
substance (x) in the chromatogram obtained with
the test solution;

teicoplanin-like
related substance
(x)
ARSTI.x

non-teicoplanin-like
impurity (x)

AIx

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
cr-D-mannose and an aceryl-f-n-glucosamine.

The R' side chains in the teicoplanin-like related substances
RS AZ-6ID RS AZ- 6b and RS AZ-6c are unknown.

Calculate the percentage contents using the following
equations:

STORAGE
Protected from light, at a temperature of 2 °C to 8 "C.

IMPURITIES
Specified impurities A.

Limits:
- teicoplanin-like related substance RS A Z-6c: maximum

2.5 per cent;
- teicoplanin-like related substance RS AZ-6a: maximum

1.5 per cent;
- teicoplanin-like related substance RS AZ-6b: maximum

1.5 per cent;
- any non-teicoplanin-like impurity other than impurity A:

maximum 0.5 per cent;
- total non-teicoplanin-like imp"C::iiJ'jties other than impurity A:

maximum 1.5 per C3Ilt.

Impurity A
Liquid chromatography (2.2.29) as described in the test for
composition with the following modificatioris.

Injection 20 JlL of the test solution and reference
solution (c).

Relative retention With reference to teicoplanin Az-z
(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:
- impurity 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 nitric acidR. Titrate with 0.1 AiI 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
NaCl.

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 CRS as the
reference substance.

SZ-3 X 100
Sz +0.83xS3

A 2- 3 x 100
S2 +O.83x~

AZ-4 x 100
Sz +0.83x8J

SZ-5 x 100
8z +0.83 x S3

AZ-5 X 100
S2 +0.83xS3

S2-6 X 100
S2+0.83x~

sum of the areas of the peaks due to teicoplanin Az group
in the chromatogram obtained with the test solution;
sum of the areas of the peaks due to teicoplanin A3 group
in the chromatogram obtained with the test solution;
disregard any peak due to impurity A;
sum of the areas of the peaks with a relative retention
greater than or equal to 1.25 in the chromatogram
obtained with the test solution;
sum of the areas of the peaks due to teicoplanin AZ_1

group in the chromatogram obtained with the test
solution;
area of the peak due to teicoplanin AZ-1a in the
chromatogram obtained with the test solution;
area of the peak due to teicoplanin AZ-1b in the
chromatogram obtained with the test solution;
area of the peak due to teicoplanin AZ_1 in the
chromatogram obtained with the test solution;
area of the peak due to teicoplanin Az-z in the
chromatogram obtained with the test solution;
sum of the areas of the peaks due to teicoplanin AZ-3

group in the chromatogram obtained with the test
solution;
area of the peak due to teicoplanin AZ-3 in the
chromatogram obtained with the test solution;
area of the peak due to teicoplanin AZ-4 in the
chromatogram obtained with the test solution;
sum of the areas of the peaks due to teicoplanin AZ-5

group in the chromatogram obtained with the test
solution;
area of the peak due to teicoplanin AZ_5 in the
chromatogram obtained with the test solution;

S2-5

A2-5

SZ-I

AZ_1

SZ-3

SZ-6

teicoplanin AZ-5

teicoplanin AZ-3

teicoplanin AZ-4

AZ- 1b

A2-3

teicoplanin AZ-3 group
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____________________ PhEur

PhEur _

30

30 --> 80

Mobile phase B
(per cent VIJi')

70

70 --> 20

Mobile phase A
(per cent VIJi')

0-3

3 - 28

Time
(min)

Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with methanol R. Dilute 1.0 mL of this solution to
100.0 mL with methanol R.

Reference solution (b) Dissolve the contents of a vial of
telmisartan for system suitability CRS (containing impurities
A, B, C, E and F) in 2 mL of methanolR.

Reference solution (c) To 5 mg of telmisanan for peak
identification CRS (containing impurity D) add about 5 mL
of methanolRand 100 IlLof a 40 gIL solution of sodium
hydroxide R. Dissolve using sonication and dilute to 10 mL
with methanol R.

Column:
- size: 1= 0.125 m, (2) = 4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn) with a pore size of 10 nm;
- temperature: 40°C.

Mobile phase:
- mobile phaseA: dissolve 2.0 g ofpotassium dihydrogen

phosphate Rand 3.8 g of sodium pentanesulfonate
monohydrate R1 in 900 mL of waterfor chromatography R,
adjust to pH 3.0 with dilute phosphoric acidR and dilute to
1000 mL with waterfor chromatography R;

- mobile phaseB: methanol Rl, acetonitrile for
chromatography R (20:80 V/V);

144701-48-4514.6

Action and usev-;
Angiotensin II (AT1) receptor antagonist.

Preparation
Telmisartan Tablets

A. 4-methylpent-3-en-2-one (mesityl oxide).

(Ph. Bur. monograph 2154)

Telmisartan

DEFINITION
4'- [[4-Methyl-6-(l-methyl-1H-berwimidazol-2-yl)-2-propyl
IH-benzimidazol-l-yl]methyl] [1,1 '-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 hydroxide R.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison telmisartan CRS.

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 R, evaporate to
dryness and record new spectra using the residues.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution Y4 (2.2.2, Method II).

Dissolve O.s 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).

Test solution To 25 mg of the substance to be examined add
about 5 mL of methanolR and 100 ul, of a 40 gIL solution
of sodium hydroxide R. Dissolve using sonication and dilute to
50.0 mL with methanolR.

Flow rate 1 mLlmin.

Detection Spectrophotometer at 230 nm.

Injection 10 IlL.
Identification of impurities Use the chromatogram supplied
with telmisartan for system suitability 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 (c) 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.

System suitability Reference solution (b):
- the chromatogram obtained with reference solution (b) is

similar to the chromatogram supplied with telmisartan for
systemsuitability CRS;

- resolution: minimum 3.0 between the peaks due to
impurity Band telmisartan.

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 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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- 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).

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 ginS mL of anhydrous formic acidR.
Add 75 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 perchloric acidis equivalent to 25.73 mg
of C33H30N40Z'

IMPURITIES
Specified impurities A, B, C, D.
Otherdetectable impurities (thefollowing substances 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 ofimpurities
in substances for pharmaceutical use) E, F, G, H, I, J.

A. 4-methyl-6-(1-methyl-IH-benzimidazol-2-yl)-2-propyl-lH
benzimidazole,

B. 4'-[[7-methyl-5-(l-methyl-IH-benzimidazol-2-yl)-2
propyl-lH-benzimidazol-I-yl]methyl] [1,1 '-biphenyl] -2
carboxylic acid,

2020

c. tert-butyl 4'-[[4-methyl-6-(l-methyl-lH-benzimidazol-2
yl)-2-propyl-lH-benzimidazol-I-yl]methyl] [1,1'-biphenyl]
2-carboxylate,

D. unknown structure,

E. 1-[(2'-carboxy[ 1,1 '-biphenyl] -4-yl)methyl]-4-methyl-2
propyl-IH-benzimidazole-6-carboxylic acid,

F. 4'-[[4-methyl-6-(I-methyl-IH-benzimidazol-2-yl)-2
propyl-IH-benzimidazol-I-yl]methyl] [1,1 '-biphenyl] -2
carboxamide,

G.4'-[[4-methyl-6-(I-methyl-IH-benzimidazol-2-yl)-2
propyl-IH-benzimidazol-I-yl]methyl] [1,1'-biphenyl]-2
carbonitrile,

H. tert-butyl 4'-(bromomethyl) [1,1' -biphenyl]-2-carboxylate,
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______________~ PhEur

J. 4'- [(5-chloro-l,7'-dimethyl-2'-propyl-lH,3'H- [2,5'
bibenzimidazol] -3'-yl)methyl] [1,1'-biphenyl]-2-carboxylic
acid.

I. methyl 4'-[(1,7'-dimethyl-2'-propyl-1H,3'H-[2,5'
bibenzimidazol] -3'-yl)methyl] (1,1 '-biphenyl]-2
carboxylate,

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison temazepam 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 nm.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 10.0 mg of the substance to be
examined in a mixture of 1 volume of waterRand 9 volumes
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 waterRand
9 volumes of methanol R. Dilute 2.0 mL of this solution to
10.0 mL with a mixture of 1 volume of waterRand
9 volumes of methanol R.

Reference solution (b) Dissolve 1 mg of oxazepamR, 1 mg of
temazepam impurityF CRS and 1 mg of temazepam
impurity G CRS in a mixture of 1 volume of waterRand
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 C CRS and 1 mg of temazepam impurityD CRS with
a mixture of 1 volume of waterR arid 9 volumes of
methanol R and dilute to 25 mL with the same misrure of
solvents.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3.5 j.lII1).

Mobile phase:
- 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 phase B: methanol R;
- mobile phase C: acetonitrile R;

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

andenantiomer~
~'~~~H

CI ~ ---N

¥ ~
~

(ph. Bur. monograph 0954)

Temazepam

PhEur _

DEFINITION
(3RS)-7-Chloro-3-hydroxy-1-methyl-5-phenyl-1,3-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).

Action and use
Benzodiazepine.

Preparations
Temazepam Oral Solution

Temazepam Tablets

300.7 846-50-4

Time Mobile phase A Mobile phase B Mobile phase C
(min) (per cent V/JI) (per cent V/J/) (per cent VIJI)

0-18 54 39 7

18 - 25 54 .... 22 39 -> 63 7 -> 15

25 - 31 22 63 15

31 - 37 22 -> 54 63 -> 39 15 -> 7

Flowrate 1.5 mllmin.

Detection Spectrophotometer at 230 nm.

Injection 20 ilL.
Relative 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.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity F and impurity Gj
- peak-to-valley ratio: minimum 1.7, 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
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E. 7-chloro-1-methyl-5-phenyl-1,3-dihydro-2H-1,4
benzodiazepin-2-one 4-oxide,

D. (3RS)-7-chloro-j-methoxy-l-methyl..5-phenyl-1,3
dihydro-2H-1,4-benzodiazepin-2-one,

and enantiomer~
~3~~~H3

CI ~ ~N

r ~
~

r;~>:o
CI~ N and enantiomer

H! 'CH3o

r;L<;:o
CI~ NH and enantiomer

H :o

C. (3RS)-7 -chloro-1-methyl-2-oxo-5-phenyl-2,3-dihydro-1H
1,4-benzodiazepin-3-yl acetate,

G. (5RS)-7 -chloro-1,4-dimethyl-5-phenyl-4,5-dihydro-1H
1,4-benzodiazepine-2,3-dione.

F. (5RS)-7 -chloro-1-methyl-5-phenyl-4,5-dihydro-1H
1,4-benzodiazepine-2,3-dione,

A. [5-chloro-2-(methylamino)phenyl]phenylrnethanone,

curve separating this peak from the peak due to
impurity B.

Limits:
- correction factors: 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 B, C, D, E, 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);

- 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 2.5 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)
(0.05 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 perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 30.07 mg
of C16H13CINzOz.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

CHa
I

~
' NH

~ I 0
CI

I~
~

O:~~H
CI '"6N and enantlomer

B. (3RS)-7 -chloro-3-hydroxy-5-phenyl-1 ,3-dihydro-2H-1,4
benzodiazepin-2-one (oxazepam),

____________________ PhEur
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PhEur ---'---'__---' _

TemOlolomide Column:
- size: 1= 0.15 m, 0 = 4.6 rom;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn),

Mobilephase 0.94 gIL solution of sodium hexanesulfonate R
in a mixture of 4 volumes of methanol Rand 96 volumes of a
0.5 per cent V/V solution of glacial acetic acidR.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 270 nm.

Injection 10 IlL of test solution (a) and reference
solutions (a), (b) and (c).

Run time 3 times the retention time of temozolomide.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A, Band E; use the chromatogram supplied with
temozolomide for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity D.

Relative retention With 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.

Calculation of percentage contents:
- correction factors: multiply the peak areas of the following

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:
- impurity D: maximum 0.5 per cent;
- impurityA (sum of thepeaks): maximum 0.15 per cent;
- impurities B~ E: for each impurity, maximum

0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.8 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.32)
Maximum 0.4 per cent, determined on 50.0 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 C6H~602 taking into.
account the assigned content of temozolomide CRS.

IMPURITIES
Specified impurities A~ B, D, E.

Other detectable 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 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). C.

85622-93-1194.2

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison temozolomide 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 obtained with
reference solution (d).

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 25.0 mg of the substance to be
examined in dimethyl sulfoxide R and dilute to 25.0 mL with
the same solvent.

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with dimethyl sulfoxide R.

Reference solution (a) Dilute 1.0 mL oftest solution (a) to
100.0 mL with dimethylsulfoxide R. Dilute 1.0 mL of this
solution to 10.0 mL with dimethylsulfoxide 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 solution (c) Dissolve 2 mg of temozolomide for peak
identification CRS (containing impurity D) in 2 mL of
dimethyl sulfoxide R.

Reference solution (d) Dissolve 25.0 mg of temozolomide CRS
in dimethyl sulfoxide 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.

DEFINiTION
3-Methyl-4-oxo-3,4-dihydroimidazo[5,1-d] [1,2,3,5]tetrazine
8-carboxamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightly brown or slightly pink powder.

Solubility
Sparingly soluble in water, soluble in dimethyl sulfoxide, very
slightly soluble in ethanol (96 per cent), practically insoluble
in toluene.

Action and use
Antineoplastic alkylating agent.

Preparations
Temozolomide Capsules

Temozolomide for Injection

(ph. Eur. monograph 2780)
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11-1074 Tenoxicam 2020

Tim.e Mobile phase A Mobile phase B
(min) (per cent VIJ!) (per cent VIJ!)

0-5 96 4

5 - 16 96 -+ 76 4 -+ 24

16 - 25 76 24

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in methylene
chloride, very slightly soluble in anhydrous ethanol.
It dissolves in solutions of acids and alkalis.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tenoxicam 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 methylene
chloride R, evaporate to dryness and record new spectra using
the residues.

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.10 g in methylene chloride R and dilute to 20 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the test protected
from light.

Solventmixture Mix equal volumes of acetonitrile Rand
waterR. Adjust to apparent pH 3.2 with dilute phosphoric
acidR1.
Testsolution Dissolve 35 mg of the substance to be
examined in the solvent mixture, sonicate 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 mg of pyridin-2-amine R
(impurity A) in the solvent mixture and dilute to 100.0 mL
with the solvent mixture. Dilute 1.0 mL of this solution to
100.0 mL with the solvent mixture.

Reference solution (c) Dissolve the contents of a vial of
tenoxicam impurity mixture CRS (impurities B, G and H) in
1.0 mL of the test solution.

Column:
- size: l = 0.15 m, 0 = 4.6 mm;
- stationary phase: diisopropylcyanosilyl silica gel for

chromatography R (3.5 urn);
- temperature: 35 "C.

Moblle phase:
- mobile phaseA: mix 25 volumes of methanol R2 and

75 volumes of water for chromatography R and adjust to
apparent pH 3.2 with dilute phosphoric acidR1;

- mobile phaseB: mix 25 volumes of waterfor
chromatography Rand 75 volumes of methanol R2 and
adjust to apparent pH 3.2 with dilutephosphoric acidR1;

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 230 nm.

Injection 20 flL.

59804-37-4337.4

o 0
~ 1/

oy;s ... ,.CH3fiN H
S # N~

OH 0 ~~

(Ph. Bur. monograph 1156)

PhEur _

A. 5-amino-lH-imidazole-4-carboxamide,

D. 4-diazo-4H-imidazole-5-carboxamide,

DEFINITION
4-Hydroxy-2-methyl-N-(pyridin-2-yl)-2H-thieno[2,3-e] 1,2
thiazine-3-carboxamide 1, l-dioxide,

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

C. 3-methyl-4-oxo-3,4-dihydroimidazo[5,I-d] [1,2,3,5]
tetrazine-8-carbonitrile,

E. 3,7-dihydro-4H-imidazo[4,5-d] [1,2,3]triazin-4-one
(2-azahypoxanthine) .

Action and use
Cyclo-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparations
Tenoxicam Injection

Tenoxicam Tablets

B. 3-methyl-4-oxo-3,4-dihydroimidazo[5,I-d]
[1,2,3,5] tetrazine-8-carboxylic acid,

Tenoxicam

__________________-- PhEur
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Identification of impurities:
- use the chromatogram obtained with reference

solution (b) to identify the peak due to impurity A;
- use the chromatogram supplied with tenoxicam

impurity mixture CRS and the chromatogram obtained
with reference solution (c) to identify the peaks due 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
impurity 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 between the peaks due to

impurity H (or G if peaks are inverted) and tenoxicam,
and between the peaks due to impurities G and H;
if necessary, optimise the apparent pH of the mobile
phases within therange 3.0-3.4.

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 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 e..,.:h 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).

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 0.250 g in 5 mL of anhydrous formic acidR.
Add 70 mL of anhydrous acetic 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 33.74 mg of
C13HIIN304SZ.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneorother of the tests
in the monograph. They are 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) C, DJ E, F, G, H.

Tenoxicam 11-1075

A. pyridin-2-amine,

B. methyl 4-hydroxy-2-methyl-2H-thieno[2,3-e] 1,2-thiazine
3-carboxylate 1,L-dioxide,

C. N-methylthiophene-2-carboxamide,

D. N-methyl-N'-(pyridin-2-yl)-ethanediamide,

o
\\~o

{JQN-CH'
o

E. 2-methylthieno[2,3-djisothiazol-3(2H)-one 1,1-dioxide,

o 0
'i'~ CHs " 3(l(- 7· ?H3

's~N~

OH 0 ~J

F. 4-hydroxy-N,2-dimethyl-N-(pyridin-2-yl)-2H-thieno [2,3-e]
1,2-thiazine-3-carboxamide 1,I-dioxide,

o 0
\\ /1

~
s .......CH3

fiN
S .# NH2

OH 0

G. 4-hydroxy-2-methyl-2H-thieno [2,3-e] 1,2-thiazine-3
carboxamide 1,J-dioxide,

H. 3-[(methylamino) sulfonyl]thiophene- 2-carboxylic acid.
_____________________ PhEur
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11-1076 Terazosin Hydrochloride Dihydrate 2020

PhEur _

Terazosin Hydrochloride Dihydrate - stationary phase: octadecylsilyl silica gelfor chromatography R
(5 !J111);

- temperature: 25 "C.

Mobile phase Dissolve 2.80 g of sodium laurilsulfate R in
1000.0 mL of water R and add 11.0 mL of a solution
containing 202.4 gIL of triethylamine Rand 230.0 gIL of
phosphoric acidR; adjust to pH 2.5 with phosphoric add R;
mix 600 volumes of this solution with 400 volumes of
acetonitrile Rl.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 210 nm.

Injection 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 = about 0.3; impurity A = about 0.4.

System suitabzli1J1 Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurities A and N.

Limits:
- impuri1J1 N: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (0.1 per cent);

- impurity 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).

Test solution Dissolve 50.0 mg of the substaace to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dilute 2.0 mL of the test soiution to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve the contents of a vial of
terazosin for system suitabili1J1 CRS (containing impurities A, B,
C, J, K and M) in the mobile phase and dilute to 10 mL
with the mobile phase.

Reference solution (c) Dissolve 5.0 mg of terazosin
impurityL CRS 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.

Reference solution (d) To 5 mg of terazosin impurity E CRS,
add 70 mL of methanol Rand 30 mL of waterR. Allow to
stand for at least 1 h to dissolve the substance.
Use sonication if necessary.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: oC1J1lsilyl silica gelfor chromatography R

(5 urn);
- temperature: 30 "C.

Mobile phase Mix 2 volumes of triethylamine R, 350 volumes
of acetonitrile R, and 1650 volumes of a solution containing
6 g/L of sodium citrate Rand 14.25 gIL of anhydrous citric
acidR.

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 245 nm.

Injection 20~.

Run time 4 times the retention time of terazosin.

Identification of impurities Use the chromatogram supplied
with terazosin for system suitability CRS and the chromatogram
obtained with reference solution (b) to identify the peaks due

70024-40-7459.9

Action and use
Alpha1-adrenoceptor antagonist.

(Ph. Bur. monograph 2021)

DEFINITION
1-(4-Amino-6,7-dimethoxyquinazotin-2-yl)-4-[[(2RS)
tetrahydrofuran-2-yl]carbonyl]piperazine hydrochloride
dihydrate.

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

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 terazosin hydrochloride dihydrate CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.00 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 not more intensely coloured
than reference solution Y7 (2.2.2, Method 11).

Dilute 10 mL of solution S to 20 mL with waterR.

pH (2.2.3)
3.0 to 5.0 for solution S.

Impurities Nand 0
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile Rl, waterR (20:80 VrV).

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) Dissolve 5 mg of terazosin
impurity A CRS and 5.0 mg of terazosin impurityN CRS in
acetonitrile Rl using sonication, add 5.0 mL of the test
solution and dilute to 50.0 mL with acetonitrile Rl. 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: I = 0,25 m, 0 = 4.0 mm;
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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 peaks due to

impurities B and Ji ifnecessary, adjust the proportion of
the aqueous component in the mobile phase (an increase
in the proportion of the aqueous component increases the
retention times);

, - the chromatogram obtained is similar to the
chromatogram supplied with terazosin for system
suitability CRS; in case of insufficient separation of the
impurities, reduce the amount of 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 = .{'-:6;

- impurities A, C~E;K: 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);

- impurity L: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (c) (0.1 per cent);

- impurities B, J~ M: 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)
(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)
7.0 per cent to 8.6 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) detetminedon 1.0 g.

ASSAY
Dissolve 0.300 g in a .mizture of 5.0 mL of 0.01 M
hydrochloricacid and 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 points of inflexion.

1 mL of 0.1 M sodium h;ydroxide is equivalent to 42.39 mg of
C19H26ClN504.

STORAGE
Protected from light.

Il\1PURITIES
Specified impurities A~ B~ C~ E, J~ K~ L, M, N, O.
Otherdetectable impurities (the following substances would, if
present at a sufficient leoel, 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 phamzaceutical 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, F, G, H~ 1.

Terazosin Hydrochloride Dihydrate 11-1077

A. 2-chloro-6,7-dimethoxyquinazolin-4-amine,

o

rNXJ
H3C0yYNyN~ 0

H3CO~N
OH and enantiomer

B. 1-(4-hydroxy-6,7-dimethoxyquinazolin-2-yl)-4-[[(2RS)
tetrahydrofuran-2-yl]carbonyl] piperazine,

C. 6,7-dimethoxy-2-(piperazin-l-yl)quinazolin-4-amine,

D. 1-(4-amino-6,7-dimethoxyquinazolin-2-yl)-4
formylpiperazine,

E. 2,2'-(piperazine-l,4-diyl)bis(6,7-dimethoxyquinazolin-4
amine),

F. 1-(4-amino-6,7-dimethoxyquinazolin-2-yl)-4-(5
hydroxypentanoyl)piperazine,

G. 1-(4-amino-6-hydroxy-7-methoxyquinazolin-2-yl)-4
[[(2RS)-tetrahydrofuran-2-yl] carbonyl]piperazine,
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O. 1,4-bis [(tetrahydrofuran-2-yl)carbonyl]piperazine.

11-1078 Terbinafine Hydrochloride

o

('NXJ
H0'(i(NyN--.J °
H3CO~N

NHz and enantiomer

o

OyO?V
o

its epimer at C*
and their enantiomers

2020

II.1-(4-aDlillo-7-hydroxy-6-methoxyquillazoI1l1-2-yD-4
[[(2RS)-tetrahydrofuran-2-yl] carbonyl] piperazine,

I. 1-(4-arnU1o-6,7-diInethoxyqull1azolll1-2-yl)-4-[[(2RS,5S)
5-methyltetrahydrofuran-2-yl]carbonyl] piperazine,

____________________ PhEur

Terbinafine Hydrochloride
(Ph. Bur. monograph 1734)

Cif"
#. N~~I I ~ CH' Hel
~ CH3 3

H3C CH3

PhEur _

o

('N~CH3
H3COn;N~ N~ H OH

I r and enantiomer
H

3
CO ~ .&

NHz

327.9

Action and use
Antifungal.

Preparation
Terbinafine Tablets

78628-80-5

J. 1-(4-arnUlO-6,7-dimethoxyquinazolin-z-ylj-d- [(2RS)-2
hydroxypentanoyljpiperazine,

K. 1-(4-amillo-6,7-dimethoxyquinazolll1-2-yl)-4-(furan-2
ylcarbonyl)piperazine (prazosin),

L. 1-(furan-2-ylcarbonyl)piperazine,

M.1,4-bis(furan-2-ylcarbonyl)piperazine,

o

('NXJ andenantiomer

HNJ 0

N. 1-[ [(2RS) -tetrahydrofuran-2-yl]carbonyl] piperazine,

DEFINITION
(2E)-N,6,6-Trirnethyl-N-(naphthalen-1-ylmethyl)hept-2-en-4
yn-Lamine 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 111 water, freely soluble ill
anhydrous ethanol and in methanol, slightly soluble in
acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison terbinafine hydrochloride CRS.
B. It gives reaction (a) of chlorides (2.3.1) using anhydrous
ethanol R as solvent.

TESTS
Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light.

Solvent mixture A acetonitrile R, waterR (50:50 VIV).
Solvent mixture B acetonitrile R, methanol R (40:60 VIV).
Buffer solution Dilute 2.0 ml, of triethylamine R1 to 950 ml,

with waterR. Adjust to pH 7.5 with a mixture of 5 volumes
of glacial acetic acidRand 95 volumes of waterR and dilute
to 1000.0 ml, with water R.

Test solution Dissolve 25 mg of the substance to be
examined 111 solvent mixture A and dilute to 50.0 mL with
solvent mixture A.

Reference solution (a) Dissolve 5 mg of terbinafine for system
suitability CRS (containing impurities B and E) 1l110.0 ml, of
solvent mixture A.
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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 solvent mixture A.

Column:
- size: 1= 0.15 m, 0 = 3.0 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (5 urn);
- temperature: 40 DC.

Mobile phase:
- mobile phaseA: buffer solution, solvent mixture B

(30:70 V/V);
- mobzle phaseB: buffer solution, solvent mixture B

(5:95 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VIP) (per cent VIP)

0-4 100 a
4 - 25 100 -> a a -> 100

25 - 30 a 100

Flow rate 0.8 mIlmin.

Detection Spectrophotometer at 280 nm.

Injection 20 J.LL..
Identification of impurities Use the chromatogram supplied
with terbinafine for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities Band E.

Relativeretention With reference to terbinafine (retention
time = about 15 min): impurity B = about 0.9;
impurity E =about 1.7.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity B and terbinafine.

Limits:
- correction 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 per cent);

-impurity E: not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
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 (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 gin 50 mL of ethanol (96 per cent) R, add
5 mL of O.Ol.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.

Terbinafine Hydrochloride 11-1079

1 mL of 0.1 M sodium hydroxide is equivalent to 32.79 mg of
C2 1H26ClN. .

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, E.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimited 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, C, D, F.

A. N-methyl-C-(naphthalen-l-yl)methanamine,

B. (2Z)-N,6,6-trimethyl-N-(naphthalen-l-yimethyl)hept-2-en
4-yn-l-amine (cis-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-l-yl)
methyl]hept-2-en-4-yn-l-amine (4-methylterbinafine),

E. (2E,4E)-4-(4,4-dimethylpent-2-yn-l-ylidene)-N,N'
dimethyl-N,N'-bis(naphthalen-l-ylmethyl)pent-2-ene-l,5
diamine,
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11-1080 Terbutaline Sulfate 2020

____________________ PhEur

ASSAY
Dissolve 0.400 gin 70 mL of anhydrous acetic add R with
heating. Titrate with 0.1 M perchloric acid, determining the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric add is equivalent to 54.87 mg
of Cz.J140NZOlOS,

IMPURITIES
Specified impurities A, B, C, D.

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 75.0 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 7.5 mg of terbutaline
impurity C CRS and 22.5 mg of terbutaline sulfate CRS 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. .

Reference solution (b) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase. Dilute 2.0 mL of this
solution to 20.0 mL with the mobile phase.

Column:
- size: l = 0.15 m, (2) = 4.6 mm;
- stationary phase: base-deactivated octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobz7e phase Dissolve 4.23 g of sodium hexanesulfonate R in
770 mL of 0.050 M ammonium formate solution prepared as
follows: dissolve 3.15 g of ammonium formate R in about
980 mL of waterR; adjust to pH 3.0 by adding about 8 mL
of anhydrous formic acidR and dilute to 1000 mL with
waterR; then add 230 mL of methanol R.
Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 276 nm.

Injection 20 J.LL.
Run time 6 times the retention time of terbutaline.

Retention time Impurity C = about 9 min;
terbutaline =about 11 min.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity C and terbutaline; if necessary adjust the
composition of the mobile phase, decrease the content of
methanol to increase the retention time.

Limits:
- impurity C: not more than twice the area of the

corresponding peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);

- impurities A, B, D: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.2 per cent);

- sum of impurities other than C: not more than twice the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.4 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.02 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.

23031-32-5548.7

[

H, OH H ]HOT"N~H3.~ I I CHa

~ CHa

OH 2

PhEur _

F. (2Z)-N,6,6-trimethyl-N-(naphthalen-2-ylmethyl)hept,..2-en
4-yn-l-amine (ci5-isoterbinafine).

Action and use
Betaj-adrenoceptor agonist; bronchodilator.

Preparation
Terbutaline Tablets

Terbutaline Sulfate
Terbutaline Sulphate

(Ph. Bur. monograph 0690)

DEFINITION
Bis[(I~S)-I~(3,5-dihydro~henyl)-2-[(1,1

dimethylethyl)amino]ethanol] sulfate.

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

CHARACTERS
Appearance
'White or almost white, crystalline powder.

Solubility
Freely soluble in water, slightlysoluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison terbutaline sulfate C~S.

If the spectra obtained in the solid state· show differences,
dissolve the substance to be examined and the reference
substance separately in aldehyde-free 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 mL with the same solvent.

Appemmnceofsolution
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.

Acidity
To 10 mL of solution S add 0.05 mL of methyl redsolution R.
Not more than 1.2 mL of 0.01 M sodium hydroxide is
required to change the colour of the indicator to yellow.
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PhEur _

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

It shows polymorphism (5.9).

IDENTIFICATION
Firstidentification: A.
Second identification: BJ C.
A. Infrared absorption spectrophotometry (2.2.24).
Comparison terconazole 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 acetone R,
evaporate to dryness in a current of air and record new
spectra using the residues.

B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 30 mg of the substance to be
examined in methanolR and dilute to 5 mL with the same
solvent.

Reference solution (a) Dissolve 30 mg of terconazole CRS in
methanol R and dilute to 5 mL with the same solvent.

Reference solution (b) Dissolve 30 mg of ketoconazole CRS
and 30 mg of terconazole CRS in methanol R and dilute to
5 mL with the same solvent.

Plate TLC octadecylsilyl silica gelplateR.

Mobile phase ammoniumacetate solution R, dioxan R,
methanol R (20:40:40 VIVIV).

Application 5~.

Development In an unsaturated tank over half 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.

Systemsuitabzlity 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 flame for 10 min.
Allow to cool. Take up the residue with 5 mL of dilute nitric
acidR and filter. To 1 mL of the filtrate add 1 mL of
waterR. The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Optical rotation (2.2.7)
-0.100 to + 0.100

•

Dissolve 1.0 g in methylene chloride 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 methanol R and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 2.0 mg of ketoconazole CRS
and 2.5 mg of terconazole CRS in methanol R and dilute to
100.0 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 5.0 mL of this solution to
20.0 mL with methanolR.

Column:
- size: 1= 0.1 m,0 = 4.6 rom;

67915-31-5532.5

o

H.....O..T.. ~ C.H

3

~ I Y-CH3

, ~ CH3
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~~'f-CH3
OH CH3

DEFINITION
1-[4-[[(2RS,4SR)-2-(2,4-Dichlorophenyl)-2-[(lH-1,2,4
triazol-1-yl)methyl]-1, 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 almost white powder.

(Ph. Bur. monograph 1270)

Action and use
Antifungal.

C. 1-(3,5-dihydroxyphenyl)-2-[(1,1-dimethylethyl)
amino] ethanone,.'.

B. (4RS)-2-(1,1-dimethylethyl)-1,2,3,4
tetrahydroisoquinoline-4,6,8-triol,

D.2-[be~I-(1,1-dimethylethyl)amino]-1-(3,5

dihydroxyphenyl)ethanone.

Terconazole

A. 3,5-dihydroxybenzoic acid (e-resorcylic acid),

___-'-- PhEur
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- stationary phase: base-deactivated octadecylsilyl silica gelfor
chromatography R (3 JlII1).

Mobilephase:
- mobile phaseA: 3.4 gIL solution of tetrabutylammonium

hydrogen sulfate R;
- mobile phaseB: acetonitrile Rl;

ClyyCI

(0 ..·0
H3C>- ;--\.-0-' r:'-ox,

N NOH N
H3C "-J - ( II

and enantiomer N- N

Time
(min)

0-10

10 - 15

Mobile phase A
(per cent VIV)

95 -> 50

50

Mobile phase B
(per cent VIV)

5 -> 50

50

B. 1-[4-[[(2RS,4SR)-2-(2,4-dichlorophenyl)-2-[(4H-1,2,4
triazol-4-yl)methyl]-1,3-dioxolan-4-yl]methoxy]phenyl]-4
(1-methylethyl)piperazine.

____________________ PhEur

PhEur _

Terfenadine

50679-08-8471.7

(Ph. Bur. monograph 0955)

Action and use
Histamine HI receptor antagonist; antihistamine.

DEFINITION
(lRS)-1-[4-(1,1-Dimethylethyl)phenyl]-4-[4
(hydroxydiphenylmethyl)piperidin-1-yl]butan-1-01.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightly soluble in water, freely soluble in methylene
chloride, soluble in methanol. It is very slightly soluble in
dilute hydrochloric acid.

It shows polymorphism (5.9).

IDENTIFICATION
First identification: C.

Secondidentification: 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 methanolR and dilute to
100.0 mL with the same solvent.

Spectral range 230-350 run.

Absorption maximum 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).

A. 1-[4-[[(2RS,4RS)-2-(2,4-dichlorophenyl)-2-[(lH-1,2,4
triazol-1-yl)methyl] -1,3-dioxolan-4-yl]methoxy]phenyl] -4
(1-methylethyl)piperazine,

Flow rate 2 mUmin.

Detection Spectrophotometer at 220 run.

Injection 10 JlL.
Relative retention With reference to terconazole (retention
-time =about 7.5 min): ketoconazole =about 0.8;
impurity A =about 0.85; impurity B =about 0.9.

System suitability Reference solution (a):
- resolution: minimum 13 between the peaks due to

ketoconazole and terconazole.

Limits:
- impurities A, B: 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 pirnncipalpeak 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 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 0.150 gin 70 mL of a mixture of 1 volume of
anhydrous acetic acid Rand 7 volumes of methyl ethyl ketone R.
Titrate with 0.1 M perchloric acid, determining the. end-point
potentiometrically at the 2n d point of inflexion (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 17.75 mg
of C 26H3I CI2N s03 .

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A, B.
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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 solution Dissolve 50 mg of terfenadine CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.

Plate TLC silica gelFZ54 plate R.

Mobile phase methanol R, methylene chloride R (10:90 VIV).

Application 10 J.LL.
Development Over a path of IS 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
reference solution.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution 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 (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 20.0 mL with the mobile phase.

Reference solution (b) Dissolve 15 mg of terfenadine
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 1 mL of this solution to 100 mL with the
mobile phase.

Column:
- size: I = 0.25 m, (2) = 4.6 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn).

Mobzle phase Dilute 600 mL of acetonitrile R1 to 1 L with
diethylammonium phosphate buffer solution pH 6.0 R.
Flow rate I mlJmin.

Detection Spectrophotometer at 217 nm.
Injection 20 J.LL.
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 impurity A;·
- mass distribution ratio: minimum 2.0 for the peak due to

terfenadine; use potassium iodide R as the unretained
compound (reference solution (d)).

Limits:
- impurities A, B, C, D, E, F, G, 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 (a)
(0.5 per cent);

Terfenadine 11-1083

- 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 (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying at
60°C at a pressure not exceeding 0.5 kPa.

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

ASSAY
Dissolve 0.400 gin 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 perchloric acidis equivalent to 47.17 mg
of C32H41N02'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, I, J.

A. 1-[4-(1,I-dimethylethyl)phenyl]-4-[4
(hydroxydiphenylmethyl)piperidin-I-yl] butan-1-one,

B. (IRS)-1-[4-(l,1-dimethylethyl)phenyl]-4-[4
(diphenylmethyl)piperidin-1-yl]butan-1-01,

C. 1-[(4RS)-4-[4-(1,1-dimethylethyl)phenyl]-4
hydroxybutyl]-4-(hydroxydiphenylmethyl)piperidine
I-oxide,
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(0::,

~
N~I #' H \OH

I : and enantiomer

D. (lRS)-1-[4-(1,1-dimethylethyl)phenyl]-4-[4
(diphenylmethylene)piperidin-l-yl]butan-l-ol,

H3C CH3

. (YXCH3

·17~
H3C ...............Oyv H "<)H andenantiomer

o

J. ethyl 1-[ (4RS)-4-[4-(1, 1-dimethylethyl)phenyl] -4
hydroxybutyl]piperidine-4-carboxylate.

___________________ PhEur

E. 1-[(4RS)-4-[4-(1, l-dimethylethyl)phenyl]-4-hydroxybutyl]
piperidine-4-carboxylic acid,

Teriparatide
(Ph. Bur. monograph 2829)

H-Ser - Val- Ser - Glu-lie - Gin- Leu- Met - His - Asn
10

~-~-~-~-L~-hn-~-M~-~-A~

20

~-~-~-~u-~-~-~-~u-~-~p
30

PhEur _

52232-67-44118

Val-His - Asn -Phe - OH

Action and use
Parathyroid hormone analogue; treatment of osteoporosis.

DEFINITION
Tetratriacontapeptide in which the sequence of amino acids
is the same as that of the 1-34 N-terminal fragment of
endogeneous human parathyroid hormone (rhPTH).

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, thefollowing tests are carried out on each batch of
thefinal bulk product, 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.

F. 1-[4-[4-(1,1-dimethylethyl)phenyl]but-3-enyl]-4
(diphenylmethylene)piperidine,

G. [1-[4-[4-(1,1-dimethylethyl)phenyl]but-3-enyl]piperidin-4
yl]diphenyhnethanol,

H. [1- [4-[4-(1,l-dimethylethyl)phenyl]butyl]piperidin-4-yl]
diphenyhnethanol,

Ova.:NH

O'oH
1. diphenyl(piperidin-4-yl)methanol,

IDENTIFICATION
A. Peptide mapping (2.2.55).

SELECTIVE CLEAVAGE OF THE PEPTIDE BONDS
Solution A Dissolve 230 mg of anhydrous disodium hydrogen
phosphate R and 60 mg of sodium dihydrogen phosphate
monohydrate R in 100 mL of water R and adjust to pH 7.8
with sodium hydroxide solution R.
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Test solution Dissolve the substance to be examined in
solution A to obtain a concentration of 1.5 mg/ml, and
transfer 150 ul, of the solution to a clean tube. Add 90 J.tL of
a 0.25 mg/ml, solution of glutamyl endopeptidase for peptide
mappingR in solution A. Mix and incubate at 37 "C for
18-24 h. Stop the reaction by adding 660 J,LL of mobile
phase A to reach a final digested protein concentration of
about 0.25 mg/ml.,

NOTE: if a teriparatide concentration of 1.5 mg/mL is not
obtainable, a similarratioof micrograms of endopeptidase per
milligram of teriparatide may beused.

Reference solution Prepare at the same time and in the same
manner as for the test solution but using teriparatide CRS
instead of the substance to be examined.

Blank solution Prepare at the same time 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 solutions at 2-8 °C
and use them within 72 h.

Column:
- size: 1= 0.15 rn.;.0 = 4.6 rnm;
- stationary phase: octadecylsilyl silicagelfor chromatography R

(3.5 um) with a pore size of 30nm;
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: mix 1 mL of trifiuoroacetic acidRand

1000 mL of waterR; filter and degas;
- mobile phase B: mix 1 mL of trifluoroacetic acidR, 400 mL

of waterRand 600 mL of acetonitrile for chromatography R;
filter and degas;

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-6 96 4

6 - 20 96 --.45 4 -> 55

20 - 25 45 --.0 55 -> 100

Flow rate 1 mUmin.

Detection Spectrophotometer at 214 TIm.

Autosampler Set at 2-8 "C.

Injection 20 ilL.
System suitability:
- the chromatograms obtained with the test solution and

the reference solution are qualitatively similar to the
chromatogram of teriparatide digest supplied with
teriparatide CRS;

- in the chromatogram obtained with the reference solution,
identify the peaks due to digest fragments I, II, III, IV
and V:

symmetry factor Maximum 2.3 for the peak due to fragment
IV;

resolution Minimum 1.5 between the peaks due to fragments
I and III.
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.

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.

Teriparatide 11-1085

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 solution 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
teriparatide CRS in waterR to obtain a concentration of
1 mg/ml.,

Blank solution waterR.

Resolution solution Incubate a vial of teriparatide CRS at
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 teriparatide.

Column:
- size: 1= 0.30 m, 0 = 7.8 nun;
- stationary phase: hydrophilic silica gelfor 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 150 000.

Mobile phase Add 1 mL of trifiuoroacetic acid R to 750 mL
of waterR, mix with 250 mL of acetonitrile for
chromatography R and degas.

Flow rate 0.5 mLlmin.

Detection Spectrophotometer at 214 nm.

Autosampler Set at 2-8 "C.

Injection 20/lL.

Run time 1.5 times the retention time of teriparatide
monomer.

Retention time Teriparatide monomer = about 17 min.

System suitability:
- the chromatogram obtained with the reference solution is

similar to the chromatogram supplied with
teriparatide 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 thepeaks eluted before theprincipal peak: maximum

0.3 per cent; disregard any peak with a retention time
greater than that of the peak due to teriparatide
monomer.

FtelatedproteUns
Liquid chromatography (2.2.29): use the normalisation
procedure. Store the solutions at 2-8 °C and use them within
48 h.

Buffer solution Dissolve 28.4 g of anhydrous sodium sulfate R
in 900 mL of waterR and adjust to pH 2.3 with phosphoric
acidR. 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
teriparatide CRSin mobile phase A to obtain a concentration
of 0.7 mg/ml.,

Blank solution Mobile phase A.

Resolution solution Dissolve the contents of a vial of
teriparatide for system suitabzZity CRS in mobile phase A to
obtain a concentration of 1 mg/ml.,
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Column:
- size: l = 0.15 m, 0 = 4.6 nun;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3.5 urn) with a pore size of 30 nrn;
- temperature: 40 DC.

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 DC while stirring
continuously during analysis;

- mobile phase B: mix equal volumes of acetonitrile for
chromatography R and the buffer solution and degas; apply
mild heating at 20-25 DC while stirring continuously
during analysis;

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 214 nm.

Autosampler Set at 2-8 DC.

Injection 20 JlL.
Relative retention With reference to teriparatide (retention
time = 2-0-25 min): related protein A ([Met08

,

Met018]teriparatide) = about 0.40; related protein B
([Met08]teriparatide) = about 0.49; related protein C
([Met018]teriparatide) = about 0.57; related protein
D = about 1.06; related protein E = about 1.14.

System suitability Resolution solution:
- the chromatogram obtained is similar to the

chromatogram supplied with teriparatide for system
suitabz1ity 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 cent, determined on 10 mg using the
evaporation technique:
- temperature: 100 DC;
- heating time: 8 min.

Bacterial endotoxins (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 DC and use themwithin
72 h.

Testsolution Dissolve the 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 mg of anhydrous sodium acetate R in the mobile phase

Time
(min)

0-5

5 - 35

35 - 45

Mobile phase A
(per cent V/JI)

100 -> 65

65 -> 60

60 -> 0

Mobile phase B
(per cent VIJI)

0->35

35 -> 40

40 -> 100

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 the
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 rnm;
- stationary phase: ion-exclusion resin for chromatography R

(7.5 urn).

Mobile phase 0.5 per cent V/V solution of dilute sulfuric
acidR.
Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 210 nm.

Autosampler Set at 2-8 DC.

Injection 100 J.!L.
Run time 1.5 times the retention time of acetate.

Retention time Acetate =about 10 min.

System suitability:
- 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
waterR to obtain a concentration of 1 mglmL.

Reference solution (a) Dissolve 165.9 mg of sodium
chloride R, previously dried at 105 DC for 30 min, in water R
and dilute to 100 mL with the same solvent.

Reference solution (b) Dissolve 150 mg of sodium nitrite R in
waterR 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 waterR.
Reference solutions Dilute reference solution (a) with waterR
to prepare a standard curve with at least 4 concentrations in
the range of 10-40 ug/ml.,

Plot peak areas versus injected chloride content and perform
linear regression to create a standard curve.

Precolumn:
- size: l =0.05 m, 0 =4.0 rnm;
- stationary phase: strongly basic anion-exchange resin for

chromatography R (15 urn).

Column:
- size: l =0.25 m, 0 =4.0 rnm;
- stationary phase: strongly basic anion-exchange resin for

chromatography R (15 urn).

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 rate 2.0 mlJmin.

Detection Conductivity detector; use a self-regenerating
anion suppressor at 100 mAo
Injection SO JlL.
Run time 6 times the retention time of chloride.
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2020 Terlipressin II-I087

PhEur _

____________________ PhEur

(Ph. Bur. monograph 2646)

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 to
the principal peak in the chromatogram obtained with
reference solution (a).

B. Nuclear magnetic resonance spectrometry (2.2.64).

Preparation 2.9 mg/ml, solution in deuterium oxide R
containing 20 ug/ml, of deuterated sodium
trimethylsilylpropionate R, adjusted to pH 4 with deuterated
acetic acidR.
Comparison Dissolve the contents of a vial of terlipressin for
NMR identification CRS in deuterium oxide R containing
20 ug/ml, of deuterated sodium trimethylsilylpropionate R,
adjusted to pH 4 with deuterated acetic acid R, to obtain a
concentration of 2.9 mg/ml.,

Operating conditions:
- field strength: minimuin 300 MHz;
- temperature: 23°C.

Results Examine the 1H NMR spectrum from 0 to 9 ppm.
The IH NMR spectrum obtained is qualitatively similar to
the 1H NMR spectrum obtained with terlipressin for 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 1~'1; 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 V/V solution
of glacial acetic acidR.

Related substances
Liquid chromatography (2.2.29).

Buffersolution Dissolve 3.30 g of ammonium sulfate R in
water for 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 um).

Testsolution 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·ty mixtureCRS (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.

Reference solution (a) Dilute 1.0 mL of solution B to 2.0 mL
with a 9 gIL solution of sodium chloride R.

14636-12-51227

Action and use
Vasopressin analogue; t:reatment of diabetes insipidus,
bleeding from varices, dialysis.

I I
H-Gly - Gly -Gly - Cys - Tyr-Phe-Gln - Asn - Cys - Pro - Lys- Gly -NH2

Terlipressin

DEFINITION
Glycyl-glycyl-glycyl-L-cysteinyl-L-tyrosyl-L-phenylalanyl-L
glutaminyl-L-asparaginyf-L-qsteinyl-L-prolyl-L
lysylglycinamide cyclic (4-9)-disulfide.

Synthetic dodecapeptide analogue of the natural hormone
vasopressin. It is available as an acetate.

Retention time Chloride == about 1.6 min;
nitrite = about 1.8 min..
System suitability Reference solution (b):
- resolution: minimum 15 between the peaks due to

chloride and nitrite;
- symmetry factor: m.ax:im.um 2.0 for the peaks due to

chloride and nitrite;
- repeatability: 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 cont:ent using the standard curve and
the area of the peak due to chloride in the chromatogram
obtained with the test solution.

Content
Liquid chromatography (22.29) as described in the test for
related proteins with the fuIlowing modifications.

Test solution Dissolve the substance to be examined in the
mobile phase to obtain a concentration of 0.25 mg/ml.,

Reference solution "Dissobe the contents of a vial of
teriparatide CRS in' the mobile phase to obtain a
concentration of 0.25 mWmL
Mobzle phase Mobile phase s; mobile phase B (63:37 V/V);
apply mild heating at 20-25 °C while stirring continuously
during analysis.

Run time 1.5 times the retention time of teriparatide.

Retention time Teripararide = about 10 min.

System suitability Reference solution:
- symmetry factor: 0.8 to 15 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 coment of teriparatide
(C181Hz91NssOSISZ) taking into account the assigned
content of teriparatide CRS..

STORAGE
In an airtight container, protected from light, at -10°C or
below.
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11-1088 Terlipressin

Reference solution (b) Mix 20 JlL of solution A and 500 IlL
of solution B, and dilute to 1.0 mL with a 9 gIL solution of
sodium chloride R.

Reference solution (c) Mix 100 JlL of solution A and 500 IlL
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-capped octadecylsilyl silica gelfor

chromatography R (5 JlID);
- temperature: 30°C.

Mobile phase:
,- mobile phaseA: methanol R, buffer solution

(18.5:81.5 V/1/);
- mobile phase B: methanol R, buffer solution (30:70 V/V);

Time Mobile phase A Mobile phase B
(min) (per cent VflI) (per cent VIJI)

0-35 100 0

35 - 55 100 ..... 0 0 ..... 100

55 - 65 0 100

Flow rate 0.6 mIJmin.

Detection Spectrophotometer at 210 nm.

Injection 200 JlL of the test solution and reference
solutions (a), (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with terlipressin impuritymixtureCRS 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 suitability:
- 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 L and D are separated as shown in the
chromatogram supplied with terlipressin
impun'ty mixture CRS.

- signal-to-noise ratio: minimum 50 for the peak due to
impurity A 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);

- repeatability: 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;
- unspecified impurities: for each impurity, maximum

0.5 per cent;

2020

- total: maximum 1.5 per cent;
- reporting threshold: 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 B and
95 volumes of mobile phase A, and dilute to 20.0 mL with
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.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection 200 ul, of the test solution and reference
solution (a).

Calculate the percentage content of terlipressin
(Cs2H74N1601SSZ) taking into account the assigned content
of CSZH74N1601SSZ interlipressin 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 (C52H7~16015S2)'

IMPURITIES
Specified impurities D.
Otherdetectable impurities (thefollowing substances would, ~f

present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances farpharmaceutical 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, E, F, G, H, I,
J, K, L.

I I
H- Gly - Gly'" Cys - Tyr -Phe - Gin - Asn -Cys - Pro -Lys -Gly-NH2

A. des-l-glycine-terlipressin,

I I
H ... Gly - Cys- Tyr'" Phe -Gin - Asn ~ Cys - Pro - Lys - Gly -NH2

B. des-1,2-diglycine-terlipressin,

I I
H-Cys-Tyr-Phe- Gln- Asn-Cys-Pro -Lys-Gly-NHz

C. des-{1-3)-terlipressin,

H3CyO
I I

H- Gly -Gly -Gly-Cys-Tyr -Phe-Gln- Asn-Cys-Pro-Lys -Gly- NH2

D. N1-acetylterlipressin,

I I
H ... Gly - Gly -Gly'-Cys'" Tyr' D-Phe-Gin - Asn- Cys - Pro -Lys -Gly - NH2

E. [6-D-phenylalanine]terlipressin,

I I
H- Gly - Gly - Gly - Cys'"Tyr -Phe -Glu'" Asn -Cys- Pro - Lys - Gly -NHz

F. [7-L-glutamic acid]terlipressin,

I . I
H -Gly'" Gly - Gly - Cys - Tyr- Phe- Gln- j3-Asp· Cys'" Pro'" Lys-Gly'" NHz

G. [8-L-~-aspartic acid]terlipressin,

www.webofpharma.com



2020 Terpin Monohydrate 11-1089

_~~ PhEur

K. [7-L-glutamic acid,12-glycine]terlipressin,

1. (12-glycine]terlipressin,

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of bromothymol blue
solution RI. Not more than 0.2 mL of 0.02 M sodium
hydroxide or O. 02 M hydrochloric acid is required to change the
colour of the indicator.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Internalstandardsolution 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 methanol R and dilute to 25.0 mL with the same
solvent.

Test solution (b) Dissolve 85.0 mg of the substance to be
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 (b) Dissolve 85.0 mg of terpin
monohydrate 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: l = 30 m, 0 = 0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

1.0 J.lIIl).

Carrier gas helium for chromatography R.

Flow rate 1 mUmin.
Split ratio 1:10.

Temperature:
2451-01-6190.3

I I
H-Gly-Gly- Gly - Cys- Tyr-Phe - Gln- Asp-Cys-Pro-Lys-Gly-OH

!. I ~

H-Gly - Gly - Gly - Cys-Tyr -Phe - Glu-Asn - Cys-Pro -Lys -Gly - OH

I I
H-Gly - Gly - Gly - Cys - Tyr - Phe- Gin- Asn - Cys- Pro - Lys- Gly - OCzHs

I I
H-Gly - Gly- Gly - Cys- Tyr- Phe- Gin- Asn -Cys -Pro- Lys-Gly-OH

I I
H· Gly - Gly- Gly - Cys - Tyr -Phe - Gin- Asp -Cys -Pro -Lys - Gly· NHz

L. .[S::i.-aspartic acid,12-glycine]terlipressin.

H. [8-L-ct-aspartic acid]terlipressin,

Terpin Monohydrate
(Ph. Bur. monograph 2940)

J. [12-glycine]terlipressin ethyl ester,

Detection Flame ionisation.

Injection 1 ul, oftest solution (a) and reference solution (a).

Relative retention 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-valley 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
curve separating this peak from the peak due to terpin.

Limits:
- unspecified impurities: for each impurity, maximum

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

Water (2.5.12)
8.0 per cent to 10.0 per cent, determined on 0.200 g.

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

Action and use
Expectorant.

PhEur _

DEFINITION
(ls,4s)-4-(2-Hydroxypropan-2-yl)-I-methylcyclohexan-1-01
monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance)..

CHARACTERS .

Appearance
White or almost white, crystalline powder.

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

mp
About 117 DC.

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 per cent) 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, MethodII).

Column

Injection port

Detector

Time
(min)

0-11

11- 14

14 - 15

Temperature
CC)
180

180 ...... 270

270
220

300
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11-1090 Terpineol 2020

ASSAY
Gas chromatography (2.2.28) as described in the test for
related substances with the following modification.

Injection 0.5!JL of test solution (b) and reference
solution (b).

Calculate the percentage content of terpin using the following
expression:

D. (Ir,4r)-4-(2-hydroxypropan-2-yl)-I-methylcydohexan-l-ol
(trans-terpin).

Al xm2 xA4 x 100

A2 xml xA3

____~ --'- Phcur

area of the peak due to terpin in the chromatogram obtained
with test solution (b);
area of the peak due to terpin in the chromatogram obtained
with reference solution (b);
area of the peak due to the internal standard in the
chromatogram. obtained with test solution (b);
area of the peak due to the internal standard in the
chromatogram. obtained with reference solution (b);
mass of the substance to be examined used to prepare test
solution (b), in milligrams;
mass of terpin monohydrateCRS used to prepare reference
solution (b), in milligrams.

Terpineol

Me

gH
Me Me

TESTS
Refractive index
1.4800 to 1.4855, Appendix V E.
Weight per mL
0.931 to 0.935 g, Appendix V G.

Low-boiling substances
Not more than 4.0% v/v distils below 214°, Appendix V C.

DEFINITION
Terpineol is a mixture of structural isomers in which
a-terpineol predominates.

C~CTEEffSllCS

A colourless, slightly viscous, liquid which may deposit
crystals; odour, pleasant and characteristic.

Very slightly soluble in water; freely soluble in ethanol (70%);
soluble in ether.

98-55-51543

andenantiomer

STORAGE
In an airtight container, protected from light.

IMPURITIES
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneorother of the tests
in the monograph. They am limitedby thegeneral acceptance
criterion for other/unspecified 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) A, B, C, D.

A. 2-[(IRS)-4-methylcyclohex-3-en-l-yl]propan-2-ol
(a-terpineol),

(ph. Bur. monograph 1373)

Testosterone

58-22-0288.4

~
CH3, H ~H3 ~~H

: :
H H

o .#

Action and use
Androgen.

Preparation
Testosterone Implants

andenantiomer

B. (ls,4s)-I-methyl-4-(prop-l-en-2-yl)cyclohexan-l-ol (cis-~

terpineol),

C. (4RS)-1-methyl-4-(prop-l-en-2-yl)cyclohex-l-ene
(limonene),

Phcur -.,.- _

DEFINITION
17~-Hydroxyandrost-4-en-3-one.

Content
97.0 per cent to 103.0 per cent (dried substance).
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CHARACTERS
Appearance
White or almost white crystalline powder, or colourless or
yellowish-white crystals.

Solubility
Practically insoluble in water, freely soluble in alcohol and in
methylene chloride, practically insoluble in fatty oils.

mp
About 155°C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison testosterone CRS.

TESTS
Specific optical rotation (2.2.7)
+ 106 to + 114 (dried substance).

Dissolve 0.250 gin ethanol R and dilute to 25.0 mL with the
same solvent.

Impuriti~s D and'P
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.100 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Referencesohaion (a) Dissolve 1 mg of stanolone R in
methanol R and dilute to 10 mL with the same solvent.
In 1 mL of this solution, dissolve 10 mg of testosterone for
impurityD identification CRS (testosterone spiked with about
1 per cent of impurity D).

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R.
Reference solution (c) Dilute 2.0 mL of reference solution (b)
to 10.0 mL with methanol R.
Reference solution (d) Dilute 1.0 mL of reference
solution (b) to 10.0 mL with methanol R.
Plate TLC silica gelF254 plate R (6-8 j.U11).

Preconditioning (in the dark): add about 5 g of powdered
silver nitrate R to 100 mL of methanol R. Stir the suspension
for 30 min. Filter or decant the suspension and immerse the
plate in the silver nitrate solution for at least 30 min. Dry at
75°C for 30 min.

A pre-conditioned plate can be stored in the dark for
5-7 days.

Mobile phase acetic acidR, ethanol R, dioxan R, methylene
chloride R (1:2:10:90 V/V/V/V).

Application 2 IlL.
Development In a saturated tank over 3/4 of the plate.

Drying Allow to stand at room temperature and protected
from light for 30 min.

Detection Spray with a 200 gIL solution of toluenesulfonic
acidR in ethanol R and heat at 105°C for 10 min. Examine
in ultraviolet light at 365 nm.

System suitability The chromatogram obtained with
reference solution (a) shows 3 clearly separated spots;
impurity D Rp = about 0.5; testosterone Rp =.about 0.65;
impurity F Rp = about 0.7.

Limits:
- impurityD: any spot due to impurity D is not more

intense than the spot in the chromatogram obtained with
reference solution (c) (0.2 per cent),

- impurityF: any spot due to impurity F is not more intense
than the spot in the chromatogram obtained with
reference solution (d) (0.1 per cent).

Testosterone II-1091

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 m.L with the same
solvent.

Reference solution (a) Dissolve 10 mg of testosterone for system
suitability CRS (containing impurities e and 1) in 1 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 mf.of this solution to
10.0 mL with methanol R.

Reference solution (c) Dilute 2.0 mLof reference solution (b)
to 10.0 mL with methanolR.
Column:
- size: 1= 0.25 m, 0 =4.6 mm,
- stationary phase: spherical end-capped oetadecylsilyl silica gel

for chromatography R (5 1J1D.) with a pore size of 15 nm,
- temperature: 40°C.

Mobile phase:
- mobile phaseA: waterfor chromatography R, methanol R

(45:55 V/V),
- mobile phaseB: methanolR,

Time Mobile phase A Mobile phase B
(min) (percent V~ (per cent V/JI)

0-4 100 0

4 - 24 100 -+ 60 0-+40

24 - 53 60 -+ 0 40 -+ 100

53 - 55 0 100

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 nm..
Injection 20 J.L1..
Relative retention With reference to testosterone (retention
time = about 18 min): impurity G =about 0.6;
impurity H = about 0.8; impurity A =about 0.9;
impurity I = about 0.95; impurity C =about 1.2;
impurity E =about 1.7; impurity J =about 2.1;
impurity B =about 2.5.

Systemsuitability Reference solution (a):
- resolution: minimum baseline separation between the peaks

due to impurity I and testosterone.

Limits Use the chromatogram obtained with reference
solution (a) to identify the peaks due to impurities C and I:
- correction factor. for the calculation of content, multiply the

peak area of impurity I by 2.9,
- impurity C: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.5 per cent),

- impurity I: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (c) (0.2 per cent),

- impurities A, B, E, G, H, 1: for each impurity, not more
than the area of the principal peak in the chromatogram
obtained with reference solution (c) (0.1 per cent),

- any otherimpurity: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.1 per cent),

- total: not more than 1.2 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.6 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).
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11-1092 Testosterone Decanoate

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 2 h.

ASSAY
Dissolve 50.0 mg in alcohol R and dilute to 100.0 mL with
the same solvent. Dilute 2.0 mL to 100.0 mL with alcohol R.
Measure the absorbance (2.2.25) at the absorption maximum
at 241 nm,

Calculate the content of C19HzsOz taking the specific
absorbance to be 569.

STORAGE
Protected from .light.

IMPURITIES
Specified impurities A, B, C, D, B, F, G, H, I, J.

A. androst-4-ene-3,17-dione (androstenedione),

B. 3-ethoxyandrosta-3,5-dien-17-one (androstenedione
ethylenolether) ,

C. 17Cl-hydroxyandrost-4-en-3-one (epitestosterone),

D. androst-4-ene-3~,17~-diol (d4-androstenediol),

o
oJ(

~.
CH3 ....H CH3

CH3 H

H H
o .#

E. 3-oxoandrost-4-en-17~-yl acetate (testosterone acetate),

2020

CH3
0 H

_ ~H,~H
o~~~

H

F. 17/3-hydroxy-5Cl-androstan-3-one (androstanolone,
stanolone),

o

G. androsta-l,4-diene-3,17-dione (androstadienedione).

~
. CH, H CH, ~H.H

P? ; i
.. H H

o .#

H. 17~-hydroxyandrosta-1,4-dien-3-one (boldenone),

CH3
0 H

o~H
1. 17~-hydroxyandrosta-4,6-dien-3-one (d6-testosterone),

J. 3-methoxyandrosta-3,5-dien-17-one (androstenedione
methylenolether) .

____-'- PhEur

Testosterone Decanoate
(Ph. Bur. monograpb 1736)

CHO~

~
H3; H ; '---H ·~CH3

H H
o .#

442.7

Action and use
Androgen.

PhEur _

DEFINITION
- 3-0xoandrost-4-en-17~-yl decanoate.
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Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, very soluble in acetone, in
methylene chloride and in anhydrous ethanol, freely soluble
in fatty oils.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison testosterone decanoate 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 (c).

TESTS
Appearanceofsmution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2~ MethodII).
Dissolve 0.20 g in 20 mL of methanol R.

Specific optical rotation (2.2.7)
+ 75.0 to + 80.0 (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).
Test solution Dissolve 20.0 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 the contents of a vial of
testosterone decanoate for system suitability CRS (containing
impurities A, B, C, D, E and F) in 1 mL of the mobile
phase.

Reference solution (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
decanoate CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 mID;
- stationary phase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40 "C.

Mobile phase waterR, acetonitrile R (5:95 VIV).
Flow rate 1.0 mIJmin.

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
decanoate.

Identification of impurities Use the chromatogram supplied
with testosterone decanoate for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D, E and F.

Relativeretention With reference to testosterone decanoate
(retention time =about 20 min): impurity A = about 0.2;
impurity B = about 0.6; impurities e and G = about 0.79;

Testosterone Decanoate 11-1093

impurity D =about 0.83; impurity E =about 1.3;
impurity F =about 1.7.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurities e and D.

Limits:
- correction factors: for the calculation of content, multiply

the peak area of impurity A by 0.7;
- impurities A~ B~ D~ E~ F: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.5 per cent);

- sum of impurities C and G: 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 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).

Free acid
Dissolve 0.65 gin 10 mL of ethanol (96 per cent) 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 colour of the indicator to blue.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on1.000 g over
diphosphorus pentoxide R 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.

Injection 20 J..LL of the test solution and reference
solution (c).

Calculate the percentage content of C29H4603 from the
declared content of testosterone decanoate CRS.

STORAGE
At a temperature of 2 "C to 8 "C.

IMPURITIES
Specified impurities A~ B~ C~ D~ E~ F~ G.

CH3
0 H

o~H
A. testosterone,

CHOZ .

~
CH3! H ! 3 -.--H - ~CH3

H H
o #

B. 3-oxoandrost-4-en-17~-yl oetanoate (testosterone
oetanoate),
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CH,O~

~
CH,i H i -H ~CH,

H H
o .#

C. 3-oxoandrost-4-en-17(l-yl nonanoate (testosterone
nonanoate),

o

2020

Testosterone .. Enantate
(Ph. Eur. monograph 1048)

o

, CH30~

~
CH': H: --H '\....-eH,

H H
o .#

Action and use
Androgen.

Preparation
Testosterone Enantate Injection

400.6 315-37-7

D. 3-oxoandrost-4-en-17~-yl undec-IO-enoate (testosterone
undecylenate),

o

CHa 0.-1( .

~
-H~

C~ H "-

.
1; ~CH3
H H

o .#

E. 3-oxoandrost-4-en-17(l-yl undecanoate (testosterone
undecanoate),

o

CH3

F. 3-oxoandrost-4-en-17(l-yl dodecanoate (testosterone
laurate),

G. 3-oxoandrost-4-en-17cx-yl decanoate (epitestosterone
decanoate).

_______________--,... PhEur

PhEur _

DEFINITION
3-0xoandrost-4-en-17~-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.

IDENTIFICATJON
Firstidentification: B.
Second identification: A, C, D,
A. Melting point (2.2.14): 34 -c to 39 -c.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison testosterone enantate CRS.
C. Thin-layer chromatography (2.2.27).

Solventmixture methanol R, methylene chloride R (10:90 V/V).

Testsolution Dissolve 5 mg of the substance to be examined
in the solvent mixture and dilute to 10 mL with the solvent
mixture.

Reference solution (a) Dissolve 5 mg of testosterone
enantateCRS in the solvent mixture and dilute to 10 mL
with the solvent mixture.

Reference solution (b) Dissolve 5 mg of testosterone
enantate CRS, 5 mg of testosterone decanoate CRS and 5 mg of
testosterone isocaproate CRS in the solvent mixture and dilute
to 10 mL with the solvent mixture.

Plate TLC octadecylsiZyl silica gelF254 plate R.
Mobile phase waterR, acetonitrile R, 2-propanol R
(20:40:60 V/V/V).

Application 5 J,JL.
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 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 with alcoholic solutio;n of sulfuric acidR;
heat at 120 "C for 10 min;' allow to cool and examine in
daylight.
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Results B The principal spot in the chromatogram obtained
with the test solution is green and is similar in position and
size to the principal spot in the chromatogram obtained with
reference solution (a).

System suitability Reference solution (b):
- the chromatogram shows 3 clearly separated principal

spots by each 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 under a reflux
condenser for 1 h. Cool. Add 10 mL of waterR. Acidify with
dilute hydrochloric add R until blue litmus paperR turns red.
Filter and wash the precipitate with a small quantity of
maret'R. 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 DC.

TESTS
Specific optical rotation (2.2.7)
+ 81 to + 86 (dried substance).

Dissolve 0.100 g in .anhydrous ethanol R and dilute to
10.0 m.Lwith the same solvent.

Impurity A
Maximum 0.16 per; cent.

Dissolve 0.50g in}O mL of ethanol (96 per cent) R previously
neutralised to bromothymol blue solution R3. 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
colour of the indicator to blue.

ImpurityH
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.100 g of the substance to be
examined in 1.0 mL of ethanol (96 percent) R.
Reference solution Dissolve 3.0 mg of testosterone enantate
impurity H CRS in 20.0 mL of ethanol (96 per cent) R.
Plate TLC silica gelplate R.
Mobilephase ethyl acetate R, cyclohexane Rl (40:60 VIV).

Application 1 J.tL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with a 200 gIL solution of toluenesulfonic
acid R in ethanol (96 per cent) R and heat at 120°C for
10 min; examine in ultraviolet light at 366 nm.
System suitability Reference solution:
- the chromatogram shows a clearly visible spot due to

impurity H.
Limit:
- impurityH: any spot due to impurity H is not more

intense than the principal spot in the chromatogram
obtained with the reference solution (0.15 per cent).

Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 20 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 with the aid of ultrasound the
contents of a vial of testosterone enantate for system
suitability CRS (containing impurities F and G) in the mobile
phase and 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 to 20.0 mL with the mobile phase.

Testosterone Enantate 11-1095

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 testosterone
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: 1= 0.15 m, 0 = 4.6 mID;
- stationary phase: spherical end-capped dodecylsilyl silica gel

for chromatography R (4 urn).

Mobile phase waterR, acetonitrile R (30:70 VIV).

Flow rate 2.0 mLlmin.

Detection Spectrophotometer at 242 nm.
Injection 10 IlL.
Run time 1.5 times the retention time of testosterone
enantate.

Identification of impurities Use the chromatogram supplied
with testosterone 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 enantatefor peak
identification CRSand the 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 B and D.

Relative retention With reference to testosterone enantate
(retention time = about 22 min): impurity D = about 0.1;
impurity B = about 0.7; impurity E = about 0.8;
impurity F =about 0.85; impurity G =about 0.9.

System suitabz7ity 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;
- impurity D: not more than 4 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.4 per cent);

- impurities E, F: for each impurity, not more than 3 times
the area of the principal peak in the chromatogram
obtained with reference solution (b) (03 per cent);

- impurity 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 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 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 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
a desiccator over diphosphorus pentoxide R at a pressure not
exceeding 0.7 kPa.
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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 nm.

Calculate the content of C26Hw03 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, D, E, F, G, H

A. heptanoic acid,

o

CH'O~

~
H': H : .--H CH3

H H
o .#

B. 3-oxoandrost-4-en-17~-yl hexanoate (testosterone
caproate),

CH3
0 H

o~H
D. 17~-hydroxyandrost-4-en-3-one (testosterone),

E. 3-oxoandrost-4-en-17o:-yl heptanoate (17a.-testosterone
enantate),

F. 3-oxoandrosta-4,6-dien-17~-yl heptanoate (Ll6
testosterone enantate),

o
CH3 0-<" ~. _~H'hf>H ~~CH,

O~
G. 3-oxoandrosta-4,9(l1)-dien-17~-yl heptanoate (Ll9(11)

testosterone enantate),

2020

H. androst-5-ene-3~,17~-diyl diheptanoate.
____________________ PhEur

Testosterone Isocaproate
(ph. Bur. monograph 1737)

CH o-Z ~

o:BP.

a -."H- r CH,
CH3: H : H3C

HH
o .#

386.6

Action and use
Androgen.

PhEur _

DEFINITION
3-0xoandrost-4-en-17~-yl 4-methylpentanoate.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, very soluble 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 similar in retention time and size to
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 intensely coloured
than reference solution BY6 (2.2.2, Method II).

Dissolve 0.20 g in 20 mL ·of methanol R.

Specific optical rotation (2.2.7)
+ 82.0 to + 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).

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.
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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 solution (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
isocaproate CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase.

Column:
- size: 1= 0.25 m, (2) = 4.6 nun;
-:- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.IlI1);
- temperature: 40 "C.
Mobz7e phase waterR, acetonitrile R (15:85 VIV).
Flow rate 1.0 ml./min.
Detection Spectrophotometer at 240 nm.

Injection 20 J.1L ofthe test solution and reference
solutions (a) and (b).

Run time Twice the retention time of testosterone
isocaproate.

Identification of impurities Use the chromatogram supplied
with testosterone isocaproate for system suitability 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 e =about 0.5;
impurity D =about 0.7; impurity G =about 0.8;
impurity E = about 1.1; impurity F = about 1.4.

System suitabz7ity Reference solution (a):
- peak-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
curve separating this peak from the peak due to
testosterone isocaproate.

Limits:
- impurities A, B, C, D, E, F, G: 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 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).

Free acid
Dissolve 0.44 g in 10 mLof ethanol (96 percent) R,
previously neutralised to bromothymol blue solution R3, and
titrate immediately with 0.01 M sodium hydroxide, using
0.1 mL of bromothymol bluesolution 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 over
diphosphorus pentoside R at a pressure not exceeding 0.7 kPa.

Testosterone Isocaproate 11-1097

ASSAY
Liquid chromatography (2.2.29) as described in thetest for
related substances with the following modification.

ITljection 20 J.1L of the test solution and reference
solution (c).

Calculate the percentage content of C25H3S03 from the
declared content of testosterone isocaproate CRS.

IL\lPURITIES
Specified impurities A, B, C, D, E, F, G.

A. testosterone,

B. 3-oxoandrost-4-en-17~-yl acetate (testosterone acetate),

C. testosterone propionate,

~
CH3 ~.-!rCH3

CH3 H H3C

H H
o #

D. 3-oxoandrost-4-en-17~-yl 2-methylpropanoate
(testosterone isobutyrate),

~
CH, ~.~

CH
31

H i CH3

H H
o .#

E. 3-oxoandrost-4-en-17~-yl hexanoate (testosterone
caproate),

F. testosterone enantate,
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-- PhEur

PhEur _

Reference solution (c) Dissolve 20.0 mg of testosterone
propionate CRS in 50.0 mL of methanol R.
Column:
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn),

Mobile phase water R, methanol R (20:80 VIV).

Flow rate 1.5 mIJmin.
Detection Spectrophotometer at 254 nm.
Injection 20 ul, of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of testosterone
propionate.
Identification of impurities Use the chromatogram supplied
with testosterone propionate for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B and C.

Relative retention With reference to testosterone propionate
(retention time = about 8 min): impurity C = about 0.4;
impurity A = about 0.7; impurity B =about 1.4.

Systemsuitability Reference solution (a):
- peak-to-valley ratio: minimum 3.0, where Hp =height

above the baseline of the peak due to impurity B and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
testosterone propionate.

Limits:
- impuniy A: not more than 5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- impurity C: 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: 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 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 2 h.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the followingmodification.

Injection Test solution and reference solution (c).

Calculate the percentage content of C22H320 3 taking into
account the assigned content of testosterone propionate CRS.

IMPURITIES
Specified impurities A., C.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, bedetected by oneor otherof the tests
in the monograph. They arelimited by thegeneral 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 for pharmaceutical use) B, D, E.

57-85-2344.5

o

o1tf5
CH3~~CH3

CH3 H

H H
o .#

Action and use
Androgen.

Preparation
Testosterone Propionate Injection

G. 3-oxoandrost-4-en-17iZ-yl 4-methylpentanoate
(epitestosterone isocaproate).

(Ph. Bur. monograph 0297)

DEFINITION
3-0xoandrost-4-en-17~-ylpropanoate.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder or colourless crystals.

Solubility
Practically insoluble in water, freely soluble in acetone and in
ethanol (96 per cent), soluble in fatty oils.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison testosterone propionate CRS.

TESTS
Specific optical rotation (2.2.7)
+ 84 to + 90 (dried substance).

Dissolve 0.250 g in ethanolR and dilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in methanol R and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dissolve 2 mg of testosterone propionate
for system suitability CRS (containing impurities A, B and C)
in 5.0 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.

Testosterone Propionate

www.webofpharma.com



2020 Tetracaine Hydrochloride 11-1099

____________________ PhEur

PhEur _

DEFINITION
2-(Dimethylamino)ethyl 4-(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 forms which melt respectively at about 134°C and
139 DC. Mixtures of these forms melt within the range
134°C to 147 DC.

IDENTIFICATION
First identification: A, B, D.
Secondidentification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tetracaine hJ;drochlmide CRS.

B. To 10 mL of solution S (see Tests) add 1 mL of
ammonium thiocyanate solution R. A white, crystalline
precipitate is formed which, after recrystallisation from
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 offuming nitric acid R.
Evaporate to dryness on a water-bath, allow to cool and
dissolve the residue in 5 mL of acetone R. Add 1 mL of
0.1 M alcoholic potassiumhJ;droxide. 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 waterR and dilute to
50 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

Dilute 2 mL of solution S to 10 mL with waterR.

pH (2.2.3)
4.5 to 6.5.
Dilute 1 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 them at 2-8 DC.

Solvent mixture acetonitrile R, water R (20:80 VIV).
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) 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 systemsuitabilityCRS (containing impurities A, B
and C) in.2 mL of the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: oetadecylsilyl silicagelfor chromatography R

(5 urn);

136-47-0

**** ** *<;»

• HCI

300.8

o

£fiW
CH' ~~C"'

CH3 H

H H
o .#.#

.•..•••.••.•£fiW..CH, H CH, ~H
, Ii Ii

'0 .#

Action and use
Local anaesthetic.

Preparation
Tetracaine Eye Drops

(ph. Bur. monograph 0057)

Tetracaine Hydrochloride

D. 3-oxoandrosta-1 ,4-dien-17~-yl propanoate,

E. 3-oxoandrosta-4,6-dien-17~-yl propanoate.

c. 17~-hydroxyandrost-4-en-3-one (testosterone),

A. 3-oxoandrost-4-en-17j3-yl acetate (testosterone acetate),

B. 3-oxoandrost-4-en-17~-yl 2-methylpropanoate
(testosterone isobutyrate),

www.webofpharma.com



11-1100 Tetracosactide 2020

- temperature: 30 "C.

Mobile phase:
- mobile phaseA: dissolve 1.36 g of potassium dihydrogen

phosphate R in waterR, add 0.5 mL of phosphoric acid R
and dilute to 1000 mL with waterR;

- mobile phase B: acetonitrile R;

Time
(min)

Mobile phase A
(per cent VIJI)

Mobile phase B
(per cent VIJI)

A. 4-aminobenzoic acid,

0-3

3 - 18

18 - 23

80

80 -40

40

20

20 - 60
60

B. 4-(butylamino)benzoic acid,

PhEur ------

_______-,--- PhEur

16960-16-02933

Action and use
Corticotropic peptide.

Preparations
Tetracosactide Injection

Tetracosactide Zinc Injection

DEFINmON
Synthetic tetracosapeptide, in which the sequence of amino
acids is the same as that of the first 24 residues of human
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 Ilg of tetracosactide is
equivalent to 1 ill of tetracosactide.

CHARACTERS
Appearance
White or yellow, amorphous powder.

Solubility
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.

(ph. Bur. monograph 0644)

H- Ser - Tyr- Sar - Met - Glu-His-Phe- Arg- Trp- Gly

Lys-Pro-Val-Gly-Lys-Lys-Arg-Arg-Pro-Val

Lys-Val-Tyr-Pro-OH

C. methyI4-(butylamino)benzoate.

Tetracosactide

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 300 nm.

Injection 10 ilL.

" Identification of impurities Use the chromatogram supplied
with tetracaine for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B and C.

Relative retention With reference to tetracaine (retention
time = about 8 min): impurity A = about 0.3;
impurity B = about 1.7; impurity C = about 2.1.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

tetracaine and impurity B.
Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
correspoading correction factor: impurity B = 0.6;
impurity e = 0.7;

- impurityA: not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.05 per cent);

- impurities 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)
(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 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 gin 50 mL of ethanol (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 lVI 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
ClsHzsClNzOz·

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C.
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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 mLof a mixture of 1 volume of
glacial acetic acidR and 99 volumes of waterR.

Absorbance (2.2.25)
0.51 to 0.61 (anhydrous and acetic acid-free substance),
determined at the absorption maximum 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 om is 2.4 to
2.9.

Dissolve 1.0 mg in 0.1M hydrochloric acid and dilute to
5.0 mL with the same acid.

Related peptides
Liquid chromatography (2.2.29): use the normalisation
procedure. '

Test solution Dissolve an accurately weighed quantity of the
substance to be examined in waterR to obtain the same
concentration as in reference solution (a).

Reference solution (a) Dissolve the contents of a vial of
tetracosactide CRS in waterR to obtain a concentration of
about 1 mg/mL, as indicated in the 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 ofglacial acetic acidR, add 50 ul,
of a mixture of 1 volume of strong hydrogen peroxide solution R
and 999 volumes of waterR, and allow to stand for 2 h.

Column:
- size: l =0.15 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3 1lIIl);
- temperature: 25 DC.

Mobile phase:
- mobile phase A: mix 5.0 mL of glacial acetic acidR, 60 mL

of acetonitrile Rand 5.0 g of ammoniumsulfate R and
dilute to 1000 mL with waterR;

- mobile phase B: mix 5.0 mL of glacial acetic acidR,
310 mL of acetonitrile Rand 5.0 g of ammoniumsulfate R
and dilute to 1000 mL with waterR;

- mobile phase C: acetonir:rile R.

Time Mobile phase A Mobile phase B Mobile phase C
(min) (per cent VIV) (per cent VIV) (per cent VIJ')

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 0->55 15 ..... 45 85 -> 0

55.1 - 60 55 45 0

Flow rate 0.8 mLlmin.

Detection Spectrophotometer at 275 nm.

Injection 20 J1L.
Identification of impurities Use the chromatogram supplied
with tetracosactide CRS and the chromatogram obtained with

Tetracosactide 11-1101

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.

Relative retention With reference to tetracosactide (retention
time = about 26 min): impurity A = about 0.3;
impurity B = about 0.95.

System suitabz1ity Reference solution (a):
- peak-to-valley ratio: minimum 3, where Hp = height above

the baseline of the peak due to impurity B and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
tetracosactide.

Limits:
- impurity A: maximum 3 per cent;
- impurity B: maximum 4 per cent;
- unspecified impurities: for each impurity, maximum

2.5 per cent;
- sum of impurities other than A: maximum 9 per cent.

Acetic acid (2.5.34)
8.0 per cent to 13.0 per cent.

Testsolution 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 14.0 per cent, determined on 20.0-50.0 mg.

Bacterial endotoxins (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 content of C136H21oN'40031S using the
declared content of tetracosaetide CRS.

STORAGE
Protected from light, at a temperature of 2 DC to 8 DC.

LABELLING
The label states:
- the mass of peptide in the container;
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES
Specified impurities A J B.

A. tetracosactide sulfoxide,

B. unknown structure.
____________________ PhEur
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PhEII ~ _

Tetracycline C. Dissolve about 10 mg in a mixture of 1 mL of dilute nitric
acidRand 5 mL of waterR. Shake and add 1 mL of silver
nitrate solution R2. Any opalescence in the solution is not
more intense than that in a mixture of 1 mL of dilute nitric
acidR, 5 mL of waterR and 1 mL of silver nitratesolution 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 g in 0.1 M hydrochloric add and dilute to
50.0 mL with the same acid.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Testsolution Dissolve 25.0 mg of the substance to be
examined in 0.01 M hydrochloric acidand dilute to 25.0 mL
with the same acid.

Reference solution (a) Dissolve 25.0 mg of tetracycline
hydrochloride CRS in 0.01 M hydrochloric acid and dilute to
25.0 mL with the same acid.

Reference solution (b) Dissolve 12.5 mg of 4-epitetracycline
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 acid and dilute to
100.0 mL with the same acid.

Reference seCzttion (d) Dissolve 10.0 mg of
4-e$ianhydrotetracycline hydrochloride CRS in O. 01 M
hydrochloric acid and dilute to 50.0 mL with the same acid.

Reference solution (e) Mix 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 0.01 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 rX01M hydrochloric
acid.
Reference solution (g) Dilute 1.0 mL of reference solution (c)
to 50.0 mL with 0.01 M hydrochloric acid.

Column:
- size: 1= 0.25 m, (2) = 4.6 rnm;
- stationary phase: styrene-divinylbenzene copolymer R (8 JlIIl);
- temperature: 60 "C.

Mobile phase Weigh 80.0 g of2-methyl-2-propanol Rand
transfer to a 1000 mL volumetric flask with the aid of
200 mL of waterR; add 100 mL of a 35 gIL solution of
dipotassium hydrogen phosphate R adjusted to pH 9.0 with
dilute phosphoric acidR, 200 mL of a 10 gIL solution of
tetrabutylammonium hydrogen sulfate R adjusted to pH 9.0
with dilute sodium hydroxide solution Rand 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
waterR.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 run.
Injection 20~; inject the test solution and reference
solutions (e), (f) and (g).

System suitabiluy:
- resolution: minimum 2.5 between the peaks due to

impurity A (1st peak) and tetracycline (2n d peak) and

60-54-8444.4

DEFINITION
(4S,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a
pentahydroxy-6-methyl-l,11-dioxo-l,4,4a,5,5a,6,11,12a
oetah.ydrotettacene-2-carboxarnide.

Substance produced by certain strains of Streptomyces
aerafaciens or obtained by any other means.

Content
88.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow, crysralline powder.

Solubility
Very slighdy soluble in water, soluble in ethanol
(96 per cent) and in methanol, sparingly soluble in acetone.
It dissolves in dilute acid and alkaline solutions.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in methanolR and dilute to 10 mL with the same solvent.

Reference solution (a) Dissolve 5 mg of tetracycline
hydrochloride CRS in methanolR and dilute to 10 mL with the
same solvent.

Reference solUJion (b) Dissolve 5 mg of tetracycline
hydrochloride CRS, 5 mg of demeclocycline hydrochloride R and
5 mg of oxytetracycline hydrochloride R in methanol Rand
dilute to 10 mL with the same solvent.

Plate TLC oaadecylsilyl silica gel F254 plate R.
Mobilephase Mix 20 volumes of acetonitrile R, 20 volumes
of methanolR and 60 volumes of a 63 gIL solution of oxalic
acidR previously adjusted to pH 2 with concentrated
ammoniaR.

Application 1 pL.

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 position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

B. To about 2 mg add 5 mL of sulfuric acidR. A violet-red
colour develops. Add the solution to 2.5 mL of waterR.
The colour becomes yellow.

Action and. use
Tetracycline antibacterial.

(ph. Eur: mmwgraph 0211)
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_________________--- PhEur

64-75-5480.9

C. (4S,4aS,12aS)-4-(dimethylamino)-3,10,11,12a
tetrahydroxy-6-methyl-l,12-dioxo-l,4,4a,S,12,12a
hexahydrotetracene-2-carboxamide (anhydrotetracycline),

(Ph. Bur. monograph 0210)

D. (4R,4aS,12aS)-4-(dimethylamino)-3,10,11,12a
tetrahydroxy-6-methyl-l,12-dioxo-l,4,4a,S,12,12a
hexahydrotetracene-2-carboxamide
(4-epianhydrotetracycline).

Tetracycline Hydrochloride

minimum 8.0 between the peaks due to tetracycline and
impurity D (3rd peak) in the chromatogram obtained with
reference solution (e); 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
the chromatogram obtained with reference solution (g);

- symmetry factor. maximum 1.2S for the peak due to
tetracycline in the chromatogram obtained with reference
solution (e).

Limits:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (f) (S.Oper cent);

- impurity B (eluting on the tail of the principal peak): not
more than 0.4 times the area of the peak due to
impurity A in the chromatogram obtained with reference
solution (f) (2.0 per cent);

- z"mpurity C: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (f) (1.0'j;er cent);

- impurity D: not jDore than the area of the corresponding
peak in the chrofuatogram obtained with reference
solution (f) .(0.5~per cent).

Loss on drying (2~'2.32)
Maximum 13.0 per cent, determined on 1.000 g by drying in
an oven at lOS °C.

Sulfated ash (2.4.14)
MaximutnO.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 modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of C22H2~208'

STORAGE
Protected from light.

IMPURITIES
Action and use
Tetracycline antibacterial.

Preparations
Tetracycline Capsules

Tetracycline Tablets

PhEur _

A. (4R,4aS,SaS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a
pentahydroxy-6-methyl-l,ll-dioxo-l,4,4a,S,Sa,6,11,12a
octahydrotetracene-2-earboxamide (4-epitetracycline),

B. (4S,4aS,SaS,6S, 12aS)-2-acetyl-4-(dimethylamino)
3,6,10,12,12a-pentahydroxy-6-methyl-4a,Sa,6,12a
tetrahydrotetracene-l,11(4H,SH)-dione (2-acetyl-2
decarbamoyltetracycline),

DEFINITION
(4S,4aS,SaS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a
pentahydroxy-6-methyl-l, ll-dioxo-l,4,4a,S,5a,6, 11,12a- .
octahydrotetracene-2-carboxamide hydrochloride.

Substance produced by certain strains of Streptomyces
aerofaciens or obtained by any other means.

Content
9S.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Soluble in 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 the precipitation of tetracycline.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).
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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 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 demeclocycline hydrochloride Rand
5 mg of oxytetracycline hydrochloride R in methanolR and
dilute to 10 mL with the same solvent.

Plate. TLC octadecylsilyl silica gelF254 plateR.

Mobile phase Mix 20 volumes of acetonitrile R, 20 volumes
of methanol R and 60 volumes of a 63 gIL solution of oxalic
acidR previously adjusted to pH 2 with concentrated
ammonia R.

Application I ilL.
Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm,
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 position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

B. To about 2 mg add 5 mL of sulfuric acid R. A violet-red
colour develops. Add the solution to 2.5 mL of waterR.
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 g in 10 mL of carbon dioxide-free waterR.

Specific optical rotation (2.2. 7)
-240 to -255 (dried substance).

Dissolve 0.250 gin 0.1 M hydrochloric acidand dilute to
25.0 mL with the same acid.

Related substances
'Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Testsolution Dissolve 25.0 mg of the substance to be
examined in 0.01 M hydrochloric acidand dilute to 25.0 mL
with the same acid.

Reference solution (a) Dissolve 25.0 mg of tetracycline
hydrochloride CRS in 0.01 M hydrochloric acid and dilute to
25.0 mL with the same acid.

Reference solution (b) Dissolve 15.0 mg of 4-epitetracycline
hydrochloride CRS in 0.01 M hydrochloric acid and 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 acid and dilute to
100.0 mL with the same acid.

Reference solution (d) Dissolve 10.0 mg of
4-epianhydrotetracycline hydrochloride CRS in 0.01 M
hydrochloric acidand dilute to 50.0 mL with the same acid.

Reference solution (e) Mix 1.0 mL of reference solution (a),
2.0 mL of reference solution (1:» and 5.0 mL of reference
solution (d) and dilute to 25.0 mL with 0.01 M hydrochloric
acid.

Reference solution (j) Mix 20.0 mL of reference solution (1:»,
10.0 mL of reference solution (c) and 5.0 mL of reference

2020

solution (d) and dilute to 200.0 mL using 0.01 M hydrochloric
acid.
Reference solution (g) Dilute 1.0 mL of reference solution (c)
to 50.0 mL with 0.01 M hydrochloric acid.

Column:
- size: 1=0.25 m, 0 = 4.6 mID;
- stationary phase: styrene-dioinylbenzene copolymer R (8 um);
- temperature: 60 "C.

Mobile phase Weigh 80.0 g of 2-methyl-2-propanol Rand
transfer to a 1000 mL volumetric flask with the aid of
200 mL of waterR; add 100 mL of a 35 gIL solution of
dipotassium hydrogen phosphate Radjusted to pH 9.0 with
dihae phosphoric acidR, 200 mL of a 10 gIL solution of
tetrabusylammonium hydrogen sulfate R adjusted to pH 9.0
with dilutesodium 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
waterR.
Flowrate 1.0 mUmin.

Detection Spectrophotometer at 254 nm.
Injection 20)ll.; inject the test solution and reference
solutions (e), (f) and (g).

System suitabililJl:
- resolution: minimum 2.5 between the peaks due to

impurity A (l st peak) and tetracycline (2nd peak) and
minimum 8.0 between the peaks due to tetracycline and
impurity D (3rd peak) in the chromatogram obtained with
reference solution (e); 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
the chromatogram obtained with reference solution (g);

- symmetry factor: maximum 1.25 for the peak due to
tetracycline in the chromatogram obtained with reference
solution (e).

Limits:
- impurit;y A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (f) (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
solution (f) (1.5 per cent);

- impurilJl.C: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (f) (0.5 per cent);

- impurity D: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (f) (0.5 per cent).

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying at
60 "C over diphosphorus pentoxide R at a pressure not
exceeding 670 Pa 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 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).
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Calculate the percentage content of CzzHz.,CINzOs

STORAGE
Protected from light. If the substance is sterile, store in a
sterile, tamper-proof container.

IMPURITIES

Tetrazepam II-IIOS

Tetrazepam
(ph. Bur. monograph 1738)

A. (4R,4aS,5aS,6S, 12aS)-4-(dimethylamino)-3,6,10,12,12a
pentahydroxy-6-methyl-1,11-dioxo-l,4,4a,5,5a,6,11,12a
octahydrotetracene-2-carboxamide (4-epitetracycline),

Action and use
Benzodiazepine; hypnotic.

288.8 10379-14-3

B. (4S,4aS,5aS,6S,12aS)-2-acetyl-4-(dimetb.ylamino)
3,6,10,12,12a-pentahydroxy-6-methyl-4a,5a,6,12a
tetrahydrotetracene-1,11(4H,5H)-dione (2-acetyl-2
decarbamoyltetracycline),

C. (4S,4aS,12aS)-4-(dimethylamino)-3,10,11,12a
tetrahydroxy-6-methyl-1,12-dioxo-l,4,4a,5,12,12a
hexahydrotetracene-2-carboxamide (anhydrotetracycline),

D. (4R,4aS,12aS)-4-(dimethylamino)-3,10,11,12a
tetrahydroxy-6-methyl-1,12-dioxo-l,4,4a,5,12,12a
hexahydrotetracene-2-earboxamide
(4-epianhydrotetracycline).

____________________ PhEur

PhEur _

DEFINITION
7-Chloro-5-(cyclohex-1-enyl)-1-methyl-I,3-dihydro-2H-l,4
benzodiazepin-2-one.

Content
99.0 per 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 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) Dissolve 5.0 mg of the substance to be
examined and 5.0 mg of tetrazepam impurity 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 mL of the test solution to
50.0 mL with acetonitrile R. Dilute 1.0 mL ofthis solution to
10.0 mL with acetonitrile R.
Column:
- size: I = 0.25 m, 0 = 4.6 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 j.l111).

Mobz1e phase:
- mobile phase A: mix 40 volumes of acetonitrile Rand

60 volumes of a 3.4 g/L solution of potassium dihydrogen
phosphate R;

- mobile phase B: acetonitrile R;

Time
(min)

0-35

35 - 40

40 - 50

Flow rate 1.5 mIJmin.

Mobile phase A
(per cent VIJI)

100

100 -+ 55

55

Mobile phase B
(per cent VIJI)

o
0-+45

45
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Detection A spectrophotometer at 229 nm.
Injection 20 IlL.
System suitabz1ity Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

tetrazepam and to impurity C.

Limits:
- arry impurity: 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 the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Chlorides (2.4.4)
_ Maximum 100 ppm.

Dissolve 0.750 gin 10 mL of methylene chloride R and add
15 mL of waterR. Shake and separate the 2 layers. Dilute
10 mL of the aqueous layer 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.

Sulfated ash (2.4.14)
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 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 28.88 mg of
C16H17CINzO.

STORAGE
Protected from light.

IMPURITIES

2020

C. 7-chloro-5-cyc1ohexyl-1-methyl-1,3-dihydro-2H-1,4
benzodiazepin-2-one,

D.7-chloro-5-(l-chlorocyclohexyD-l-methyl-1,3-dihydro-2H
1,4-benzodiazepin-2-one,

E. 7-chloro-5-(cyc1ohex-l-enyl)-l ,3-dihydro-2H-1,4~

benzodiazepin-2-one.
____________________ PhEur

Tetryzoline Hydrochloride
(Ph. Eur. monograph 2101)

U~»:~>~u-- .... andenantiomer. Hel

236.7 522-48-5

A. 7-chloro-1-methyl-5-(3-oxocyclohex-1-enyl)-1,3-dihydro
2H-l,4-benzodiazepin-2-one,

B. 7-chloro-5-cyc1ohexyl-l,3-dihydro-2H-l,4-benzodiazepin
2-one,

Action and use
Adrenoceptor agonist; decongestant.

PhEur _

DEFINITION
2-[(lRS)-1,2,3,4.;.Tetrahydronaphthalen-1-yl]-4,5-dihydro
IH-imidazole hydrochloride.

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

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

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tetryzoline hydrochloride CRS.
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Detection Flame ionisation.

Injection 1 j.lL.

Relatioeretention With reference to tetryzoline (retention
time =about 12 min): impurity A = about 0.5.

System suitabilir;y Reference solution:
- signal-to-noise ratio: minimum 50 for the principal peak.

Limits:
- impurir;y A: not more than the area of the principal peak

in the chromatogram obtained with the reference solution
(0.1 per cent),

- a7ry other impurity: for each impurity, not more than the
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 peak in
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.

B. Dissolve 50 mg in 10 mL of water R. 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,
Method I!).

Dissolve 1.0 g in waterR and dilute to 10 mL with the same
solvent.

Related substances
Gas chromatography (2.2.28).

Test solution 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 1M sodium
hydroxide and 75 volumes of methanol R. Dilute 1.0 mL of
this solution to 10.0 mL with a mixture of 25 volumes of
1 M soo.iumhydroxide and 75 volumes of methanol R.
Columft:--
- material: fused silica,
- size: I = 25'm, 0= 0.32 mm,
- stationary phase: poly(dimethy1)siloxane R (l um).

Carrier gas helium for chromatography R.
Split ratio 1:40.

Flow rate 2.5 mlJmin.
Temperature:

Column

Injection port

Detector

Time
(min)

0-8
8 -11

11- 15

Temperature
("C)

160

160 -+ 220

220

220

220

ASSAY
Dissolve 0.200 g in 100 mL of a mixture of 3 volumes of
anhydrous acetic acidRand 7 volumes of acetic anhydride R.
Titrate with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

1 mL of 0.1M perchloric acidis equivalent to 23.67 mg
of C13H17CINZ'

IMPURITIES
Specified impurities A.

A. (lRS)-1,2,3,4-tetrahydronaphthalene-1<arbonitrile
(e-cyanotetraline) .

_____________----'- PhEur

Theobroma Oil
Cocoa Butter

DEFINITION
Theobroma Oil is the solid fat obtained from the roasted
seeds of Theobroma cacao L.

C~CTEEffSllCS

A yellowish white, solid fat; odour, slight, agreeable and.
resembling that of cocoa. Somewhat brittle.

Freely soluble in ether and in petroleum spirit (boiling range,
40° to 600); slightly soluble in ethanol (96%).

TESTS
Acid value
Not more than 4.0, Appendix X B.

Iodine value
35 to 40 (iodine monochloride method), Appendix X E.

Melting point
31° to 34°, 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. Immediately
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 40°, 1.456 to 1.458, Appendix V E.

Saponification value
188 to 196, Appendix X G.
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PhEur _

Theobromine
(Ph. Bur. monograph 0298)

180.2

Action and use
Non-selective phosphodiesterase inhibitor (xanthine);
treatment of reversible airways obstruction.

83-67-0

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.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve, with stirring, 0.150 gin 125 mL of boiling waterR,
cool to 50-60°C and add 25 mL of 0.1 M silver nitrate.
D sing 1 mL ofphenolphthalein solution R as indicator, titrate
dropwise with 0.1 M sodiumhydroxide until a pink colour is
obtained.

1 mL of 0.1 M sodiumhydroxide is equivalent to 18.02 mg of
C7HsN402•

DEFlNmON
Theobromine contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of 3,7.,.dimethyl
3,7-dihydro-1H-purine-2,6-dione, calculated with reference
to the dried substance.

____________________ PhEur

Theophylline

PhEur _

DEFINITION
1,3-Dimethyl-3,7-dihydro-lH-purine-2,6-dione.

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

CHARACTERS
Appearance
\Vhite 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
ammonia and in mineral acids.

IDENTIFICATION
First identification: B, D.

Secondidentification: A" C, D" B.
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 spectrum of theophylline.

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.

58-55-9180.2

(Ph. Bur. monograph 0299)

Action and use
Non-selective phosphodiesterase inhibitor (xanthine);
treatment of reversible airways obstruction.

Preparations
Aminophylline Injection

Theophylline Prolonged-release Tablets

CHARACTERS
A white or almost white powder, very slightly soluble in
water and in anhydrous ethanol, slightly soluble in ammonia.
It dissolves in dilute solutions of alkali hydroxides and in
mineral acids.

IDENTIFICATION
Firs: identification: A" C.
Secondidentification: B, C.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
theobromine CRS.

B. Dissolve about 20 mg in 2 mL of dilute ammonia R1,
warming slightly, and cool. Add 2 mL of siluer nitrate
solution R2. The solution remains clear. Boil the solution for
a few minutes. A white, crystalline precipitate is formed.

C. It gives the reaction of xanthines (2.3.1).

TESTS
Acidity
To 0.4 g add 20 mL of boiling waterR and boil for 1 min.
Allow to cool and filter. Add 0.05 mL of bromothymol blue
solution R1. The solution is yellow or yellowish-green.
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
Examine by thin-layer chromatography (2.2.27), using silica
gel GF254 R as the coating substance.

Test solution To 0.2 g of the finely powdered substance to
be examined add 10 mL of a mixture of 4 volumes of
methanol Rand 6 volumes of chloroform R. Heat under a
reflux condenser on a water-bath for 15 min, shaking
occasionally. Cool and filter.

Reference solution Dissolve 5 mg of theobromine CRS in a
mixture of 4 volumes of methanol R and 6 volumes of
chloroform R and dilute to 50 mL with the same mixture of
solvents.

Apply separately to the plate 10 ~L of each solution. Develop
over a path of 15 em using a mixture of 10 volumes of
concentrated ammonia R, 30 volumes of acetone R, 30 volumes
of chloroform R and 40 volumes of butanolR. Allow the plate
to dry in air and examine in ultraviolet light at 254 nm.
Any spot in the chromatogram obtained with the test
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D. Loss on drying (see Tests).

E. It gives the reaction ofxanthines (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, Method 11).

Acidity
To 50 mL of solution S add 0.1 mL of methylred solution 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.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 40.0 mg of the substance to be
examined in the mobile phase and dilute to 20.0 mL with
the mobile phase.

Referencesolution (a) Dilute 1.0mL of the test solution to
100.0 niL 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 theobromine R in the
mobile phase, add 5 mL of 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: I =0.25 m, 0 =4 mID;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(7 um),

Mobile phase Mix 7 volumes of acetonitrile for
chromatography R and 93 volumes of a 1.36 gIL solution of
sodium acetate R containing 5.0 mUL of glacial acetic acid R.

Flow rate 2.0 mIlmin.

Detection Spectrophotometer at 272 nm.

Injection 20 J-lL.
Run time 3.5 times the retention time of theophylline.

Relative retention With reference to theophylline (retention
time = about 6 min): impurity C =about 0.3;
impurity B =about 0.4; impurity D == about 0.5;
impurity A =about 2.5.

System suz'tability 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 peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- any otherimpurity: 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: 0.5 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.

Theophylline 11-1109

ASSAY
Dissolve 0.150 g in 100 mL of water R, add 20 mL 'of 0.1 M
sz7ver nitrate and shake. Add 1 mL of bromothymol blue
solution R1. Titrate with 0.1 M sodium hydroxide.

1 mL of 0.1 M sodium hydroxide is equivalent to 18.02 mg of
C7HsN40Z'

IMPURITIES
Specified impurities A, B, C, D.
Otherdetectable impurities (the followz'ng substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimitedby 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 z'dentify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) E, F.

A. 1,3,7-trimethyl-3,7-dihydro-lH-purine-2,6-dione
(caffeine),

B. 3-methyl-3,7-dihydro-lH-purine-2,6-dione,

C.lV-(6-amino-1,3-dimethyl-2,4-dioxo-l,2,3,4
tetrahydropyrimidin-5-yl)formamide,

o
H3C-, ~N

~ .... .I, )
HN N

I H
CH3

D. lV-methyl-5-(methylamino)-IH-imidazole-4-carboxamide
(theophyllidine),

o

H,cJJc~~O
o N N

I H
CH3

E. 1,3-dimethyl-7,9-dihydro-1H-purine-2,6,8(3.H)-trione,
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PhEur _

____________________ PhEur

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, Method11).

Acidity
To 50 mL of solution S add 0.1 mL of methylredsolution 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.

Related substances
Liquid chromatography (2.2.29).
Testsolution Dissolve 40.0 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 1.0mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 10 mg of theobromine R in the
mobile phase, add 5 mL of 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: l= 0.25 m, 0 = 4 mID;
- stationary phase: octadecylsilyl sz1ica gelfor chromatography R

(7 1IDl).

Mobz1e phase Mix 7 volumes of acetonitrile for
chromatography R and 93 volumes of a 1.36 gIL solution of
sodium acetate R containing 5.0 m.UL of glacial acetic acidR.

Flow rate 2.0 mIJmin.
Detection Spectrophotometer at 272 nm.
Injection 20 J.1L.
Run time 3.5 times the retention time of theophylline.

Relative retention With reference to theophylline (retention
time = about 6 min): impurity C = about 0.3;
impurity B =about 0.4; impurity D =about 0.5;
impurity A =about 2.5. ,-

Systemsuitability 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 peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- any otherimpurity: 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: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
8.0 per cent to 9.5 per cent, determined on 0.20 g.

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

ASSAY
Dissolve 0.160 g in 100 mL of waterR, add 20 mL of 0.1 M
silver nitrate and shake. Add 1 mL of bromothymol blue
solution Rl. Titrate with 0.1 Atlsodium hydroxide.

5967-84-0198.2

(Theophylline Monohydrate, Ph. Eur. monograph
0302)

Theophylline Hydrate

He ~O !"OH
3 'N N

)...... I >
o N N

I
CHa

Action and use
Non-selective phosphodiesterase inhibitor (xanthine);
treatment of reversible airways obstruction.

Preparations
Aminophylline Injection

Theophylline Prolonged-release Tablets

F. 7-(2-hydroxyethyl)-1,3-dimethyl-3,7-dihydro-lH-purine
2,6-dione (etofylline).

IDENTIFICATION
Firstidentification: B, D.

Second identification: 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).

Preparation Dry the substance to be examined at
100-105 °C before use.

Comparison Ph. Eur. reference spectrum of theophylline.
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 reaction ofxanthines (2.3.1).

DEFINITION
1,3-Dimethyl-3,7-dihydro-lH-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
ammonia and in mineral acids.

www.webofpharma.com



2020 Thiamazole 11-1111

Thiamazole1 mL of 0.1 M sodium hydroxide is equivalent to 18.02 mg of
C7HsN40Z'

IMPURITIES
Specified impurities A~ B~ C~ D.
Otherdetectable impurities (thefollowing substances toould, if
present at a sufficient leuel, 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 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) E~ F.

(ph. Eur. monograph 1706)

Action and use
Thionamide antithyroid.

114.2 60-56-0

o CH3

HsC_<XN>
O~N N

I
CH3

A. 1,3,7-trimethyl-B, 7-dihydro-lH-purine-2,6-dione
(caffeine),

E. 3-methyl-3,7-dihydro-lH-purine-2,6-dione,

C. N-(6-amino-l ,3-dimethyl-2,4-dioxo-l,2,3,4
tetrahydropyrimidin-5-yl)formamide,

D. N-methyl-5-(methylamino)-IH-imidazole-4-carboxamide
(theophyllidine),

E. 1,3-dimethyl-7,9-dihydro-lH-purine-2,6,8(3H)-trione,

HC ~O /'OH3 "oN . N

A I)
o N N

I
CH3

F. 7-(2-hydroxyethyl)-1,3-dimethyl-3,7-dihydro-lH-purine
2,6-dione (etofylline).

____________________ PhEur

PhEur _

DEFINITION
I-Methyl-l,3-dihydro-2H-imidazole-2-thione.

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

CHARACTERS
Appearance
White or pale brown, crystalline powder.

Solubility
Freely soluble in water, freely soluble in methylene chloride,
freely soluble or soluble in ethanol (96 per cent).

IDENfIFICATION
First identification: A, C.
Second identification: A, B, D.
A. Melting point (2.2.14): 143°C to 146 °C.

E. Dissolve 25 mg in 10 mL of a 0.28 per cent V/V 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 with a
0.28 per cent V/V solution of sulfuric acidR. Examined
between 200 nm and 300 nm (2.2.25), the solution shows
2 absorption maxima, at 211 nm and 251 nm. The ratio of
the absorbance measured at the absorption maximum at
251 nm 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).

Test solution Dissolve 5.0 mg of the substance to be
examined in methanol R and dilute to 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 with the same solvent.

Reference solution (b) Dissolve 5.0 mg of 2-methylimidazole R
in methanol R and dilute to 5.0 mL with the same solvent.
Dilute 1.0 mL ofthis solution to 2.0 mL with the test
solution.

Plate TLC silica gelF254 plate R.

Mobilephase concentrated ammoniaRl, 2-propanol R,
toluene R (1:24:75 V/V/V).

Application 10 J,tL.
Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
System suitabz1ity Reference solution (b):

- expose the plate to iodine vapour for 30 min; the
chromatogram shows 2 clearly separated spots.
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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
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 II).

Related substances
Gas chromatography (2.2.28).

Test solution Dissolve 0.100 g of the substance to be
examined in chloroform 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 chloroform R. Dilute 1.0 mL of this solution
to 10.0 mL with chloroform R.

Reference solution (b) Dissolve 5.0 mg of thiamazole
impurity A CRS, 5.0 mg of I-methylimidazoleRland 5.0 mg
of thiamazole impurity C CRS in chloroform Rand dilute to
50.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 10.0 mL with chloroform R.
Column:
- material: fused silica,
- size: 1=30.0 m, 0 =0.25 mm,
- stationary phase: poly(dimethyl) (diphenyl)siloxane R with

special deactivation for basic compounds (film thickness
0.5 J.lID).

Carrier gas helium for chromatography R.
Flow rate 1.5 rnlJmin.

Split ratio 3:20.
Temperature:

2020

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtained with reference 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
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 0.250 gin 75 mL of water R. Add 15.0 mL of
0.1 M sodium hydroxide, mix and add with stirring, about
30 mL of 0.1 M silver nitrate. Continue the titration 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 11.42 mg
of C4IitJNZS.

IMPURITIES
Specified impurities A, B, C.

HSC ....~~OCHS

OCHs

A. 2,2-dimethoxy-N-methylethanamine,

B. 1-methyl-1H-imidazole,

C. 1-methyl-2-(methylsulfanyl)-lH-imidazole.

Column

Injection port

Detector

Time
(min)

0-2
2-7

7 - 22

Temperature
("C)

100
100 ... 250

250

150

250

____________________ PhEur

Thiamine Hydrochloride
(Ph. Bur. monograph 0303)

PhEur -'-- _

DEFINITION
3-[ (4-Amino-2-methylpyrimidin-5-yl)methyl]-5-(2
hydroxyethyl)-4-methyl-1,3-thiazol-3-ium chloride
hydrochloride.

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

Detection Flame ionisation.

Injection 1 JlL.

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.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity A and impurity B.

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

area of the corresponding peak in the chromatogram
obtained with reference solution (b) (0.1 per cent),

- any otherimpurity: 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),

337.3

Action and use
Vitamin B t •

Preparations
Thiamine Injection

Thiamine Tablets

Vitamins Band C Injection

CI· • HCI

67-03-8
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Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 248 nm.

Injection 25 ilL.
Identification of impurities Use the chromatogram supplied
with thiamine for system suitability CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
to impurities A, B and C.
Relative retention With reference to thiamine (retention
time = about 30 min): impurity A = about 0.3;
impurity B =about 0.9; impurity C =about 1.2.

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 thiamine and impurity C.

Calculation ofpercentage contents:
- for each impurity, use the concentration of thiamine in

reference solution (b).

Limits:
- impurity B: maximum 0.3 per cent;
- impurities 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;
- reporting threshold: 0.05 per cent.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 5 mL of solution S to 15 mL with distilled water R.

Water (2.5.12)
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 ginS mL of anhydrous formic acidR and add
50 mL of acetic anhydride R. Titrate immediately with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20) and carrying out the titration within 2 min. Carry
out a blank titration.

1 mL of 0.1 M perchloric acidis equivalent to 16.86 mg of
C12HlSCI2N40S.

STORAGE
In a non-metallic container, protected from light.

IMPURITIES
Specified impurities A, B, C.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified 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 for pharmaceutical use) D, E, F, G, H.

CHARACTERS
Appearance
White or almost white, crystalline powder or 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 thiamine hydrochloride CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in waterR, evaporate to dryness and record new
spectra using the residues.

B. Dissolve about 20 mg in 10 mL of waterR, add 1 mL of
dilute acetic acidRand 1.6 mL of 1 M sodium hydroxide, heat
on a water-bath for30 min and allow to cool. Add 5 mL of
dilute sodium hydroxide solution R, 10 mL of potassium
ferricyanide solution R and 10 mL of butanol R and shake
vigorously for 2 min. The upper alcoholic 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 0.1 g of anhydrous sodium sulfite R instead of
1.6 mL of 1 M sodium hydroxide. Practically no fluorescence
is seen.

C. It gives reaction (a) of chlorides (2.3.1).

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
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y7 or GY7 (2.2.2, MethodII).
Dilute 2.5 mL of solution S to 5 mL with waterR.
pH (2.2.3)
2.7 to 3.3.

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

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 VIV solution of glacial
acetic acid R and dilute to 100.0 mL with waterR.
Reference solution (a) Dissolve the contents of a vial of
thiaminefor system suitability CRS (containing impurities A, B
and C) in 1.0 mL of a 0.75 per cent VIV solution of glacial
acetic acidR.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with waterR. Dilute 1.0 mL of this solution to
10.0 mL with water R.
Column:
- size: 1= 0.25 m, 0 =4.0 rom;
- stationary phase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 45°C.

Mobile phase:
- mobile phase A: 3.764 gIL solution of sodium

hexanesulfonate R adjusted to pH 3.1 with phosphoric
acid R;

- mobile phase B: methanol R2;

Time
(min)

0-2

2 - 27

27 - 35

35 - 42

Mobile phase A
(per cent V!l')

90

90 70

70 50

50

Mobile phase B
(per cent VIV)

10

10 30

30 50

50
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A. 2-[3-[(4-amino-2-methylpyrimidin-5-yl)methyl]-4-methyl
1,3-thiazol-3-ium-5-yl]ethyl sulfate (thiamine sulfate
ester),

Thiamine Nitrate
(ph. Eur. monograph 0531)

NOi

Action and use
Vitamin B1•

327.4 532-43-4

B. 3-[(4-aminopyrimidin-5-yl)methyl]-5-(2-hydroxyethyl)-4
methyl-I,3-thiazol-3-ium (desmethylthiamine),

c. 3-[(4-amino-2-methylpyrimidin-5-yl)methyl]-5-(2
chloroethyl)-4..methyl-l ,3-thiazol-3-ium .(chlorothiamine),

D. 3-[(4-arriino-2-methylpyrimidin-5-yl)methyl]-5-(2
hydroxyethyl)-4-methyl-l ,3-thiazol-2(3H)-one
(oxothiamine),

E. 3-[(4-amino-2-methylpyrimidin-5-yl)methyl]-5-(2
hydroxyethyl)-4-methyl-l ,3-thiazol-2(3H)-thione
(thioxothiamine),

F. 3-[(4-amino-2-ethylpyrimidin-5-yl)methyl] -5-(2
hydroxyethyl)-4-methyl-l ,3-thiazol-3-ium (ethylthiamine),

S"l. (NyCH,
O~~~N

H
3C
-{ . H3C NH2

o

G. 5- [2-(acetyloxy)ethyl]-3-[(4-amino-2-methylpyrimidin-5
yl)methyl]-4-methyl-l,3-thiazol-3-ium (acetylthiamine),

H3CyO~Sy~sNyCH3

° o~ H HN I ~N
CH3

and enantiomer NH2

H. (3RS)-3-[[[(4-amino-2-methylpyrimidin-5-yl)methyl]
thiocarbamoyl]sulfanyl]-4-oxopentyl acetate
(ketodithiocarbamate).

___________________ PhEur

PhEur _

DEFINITION
3-[(4-Amino-2-methylpyrimidin-5-yl)methyl]-5-(2
hydroxyethyl)-4-methyl-l ,3-thiazol-3-ium nitrate.

Content
98.0 percent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or small, colourless
crystals.

Solubility
Sparingly soluble in water, freely soluble in boiling water,
slightly soluble in ethanol (96 per cent), practically insoluble
in heptane.

IDENTIFICATION
First identification: A, C.
Secondidentification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison thiamine nitrate CRS.
B. Dissolve about 20 mg in 10 mL of waterR, add I m.L of
dilute acetic acidRand 1.6 mL of 1 M sodium hydroxide, heat
on a water-bath for 30 min and allow to cool. Add 5mL of
dilute sodium hydroxide solution R, 10 mL of potassium
ferricyanide solution Rand 10 mL of butanol R and shake
vigorously for 2 min. The upper alcoholic 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 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 not more intensely coloured
than reference solution Y7 (2.2.2, Method II).

pH (2.2.3)
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 V/V solution of glacial
acetic acidR and dilute to 100.0 mL with waterR.
Reference solution(a) Dissolve the contents of a vial of
thiamine jor system suitability CRS (containing impurities A, B
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and C) in 1.0 mL of a 0.75 per cent V/V solution of glacial
acetic acid R.

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 water R.

Column:
- size: 1= 0.25 m,0 = 4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 45°C.

Mobz1e phase:
- mobile phase A: 3.764 gIL solution of sodium

hexanesulfonate R adjusted to pH 3.1 with phosphoric
acid R;

- mobile phaseB: methanol R2;

Time
(min)

0-2
2.,27

27 - 35

35 - 42

Mobile phase A
(per cent VIP)

90

90 -70
70 _ 50

50

Mobile phase B
(per cent VIJI)

10

10 - 30

30 - 50
50

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 one or other of the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities and/orby 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
in substances for pharmaceutical use) D, E, F, G, H.

A. 2-[3-[(4-amino-2-methyipyrimidin-5-yl)methyl]-4-methyl
1,3-thiazol-3-ium-5-yl] ethyl sulfate (thiamine sulfate
ester),

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 248 nm.

Injection 25 J.1L.
Identification of impurities Use the chromatogram supplied
with thiaminefor system suitability CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
to impurities A, B and C.

Relative retention With reference to thiamine (retention
time = about 30 min): impurity A = about 0.3;
impurity B =about 0.9; impurity C =about 1.2.

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 thiamine and impurity C.

Calculation of percentage contents:
- for each impurity, use the concentration of thiamine in

reference solution (b).

Limits:
- impurity B: maximum 0.6 per cent;
- impurity C: maximum 0.4 per cent;
- impurityA: 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; disregard the peak due to

the nitrate ion at the beginning of the chromatogram.

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 0.140 gin 5 mL of anhydrous formic acid R and add
50 mL of acetic anhydride R. Titrate immediately with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20) and carrying out the titration within 2 min. Carry
out a blank titration.

1.0 mL of 0.1 M perchloric acid is equivalent to 16.37 mg of
ClzH17Ns04S,

B. 3-[(4-arninopyrimidin-5-yl)methyl]-5-(2-hydroxyethyl)-4
methyl-1,3-thiazol-3-ium (desmethylthiarnine),

C. 3-[(4-arnino-2-methylpyrimidin-5-yl)methyl]-5-(2
chloroethyl)-4-methyl-I,3-thiazol-3-ium (chlorothiarnine),

D. 3- [(4-arnino-2-methylpyrirnidin-5-yl)methyl] -5-(2
hydroxyethyl)-4-methyl-I,3'"thiazol-2(3H)-one
(oxothiamine),

E. 3-[(4-arnino-2-methylpyrimidin-5-yl)methyl] -5-(2
hydroxyethyl)-4-methyl-1,3-thiazol-2(3H)-thione
(thioxothiarnine),

F. 3-[(4-arnino-2-ethylpyrimidin-5-yl)methyl] -5-(2
hydroxyethyl)-4-methyl-1,3-thiazol-3-ium (ethylthiamine),
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____________________ PhEur

PhEur _

Mobz7e phase methanol R, ethylacetate R (3:97 VIV).

Application 5~.

Development Over a path of 10 C1p..

Drying In air.

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
spot in the chromatogram obtained with the reference
solution.
C. To 50 mg 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 dilute nitric
acidR and filter. To 1 mL of the filtrate add 1 mL of
waterR. The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Acidity or alkalinity
Shake 0.1 g with 20 mL of carbon dioxide-free waterRand
add 0.1 mL of bromothymol blue solution R1. Not more than
0.1 mL of 0.02 M hydrochloric acidor 0.02 M sodium
hydroxide is required to change the colour of the indicator.

Specific optical rotation (2.2.7)
-24 to -21 (dried substance).

Dissolve 1.25 gin dimethylformamide 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)
Test solution (a) Dissolve 20 mg in waterR, heating to
about 40°C, and dilute to 100.0 mL with the same solvent.

Test solution (b) Dilute 2.5 mL of test solution (a) to
50.0 mL with waterR.
Spectral range 240-300 run for test solution (a); 200-240 run
for test solution (b).

Absorption maxima At 266 nm and 273 run for test
solution (a); at 224 run for test solution (b).

Specific absorbances at the absorption maxima:
- at 266 run: 25 to 28 for test solution (a);
- at 273 run: 21.5 to 23.5 for test solution (a);
- at 224 run: 370 to 400 for test solution (b).

Chlorides (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°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 2.0 g.

ASSAY
Dissolve 0.300 gin 30 mL of ethanol (96 percent) R, add
20 mL of a 500 gIL solution of potassium hydroxide R, mix
and heat under a reflux condenser for 4 h. Cool, add
100 mL of waterR, neutralise with dilute nitric acidRand
add 5 mL of the same acid in excess. Titrate with 0.1 M
silvernitrate, determining the end-point potentiometrically
(2.2.20). Carry out a blank test.

1 mL of 0.1 M silver nitrate is equivalent to 17.81 mg
of C12HlSChNOsS.

STORAGE
In an airtight container, protected from light.
____________________ PhEur

15318-45-3356.2

o 0
OH ~//

CI0~~S'CH3
CI H OH

Action and use
Antibacterial.

H. (3RS)-3-[[[(4-arnino-2-methylpyrimidin-5-yl)methyl]
thiocarbamoyl] sulfanyl]-4-oxopentyl acetate
(ketodithiocarbamate) .

H3CyO~.'- SYJ;SNyCH,
o o==<, 'H HN I gN

CH3
andenantiomer NH2

DEFINITION
2,2-Dichloro-N-[(lR,2R)-2-hydroxy-1-(hydroxymethyl)-2-[4
(methylsulfonyl)phenyl]ethyl]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 dimethylacetamide,
freely soluble in acetonitrile and in dimethylformamide,
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 dimethylformamide is laevorotatory.

IDENfIFICATION
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 thiamphenicol 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 same solvent.

Reference solution Dissolve 0.1 g of thiamphenicol CRS in
methanol R and dilute to 10 mL with the same solvent.

Plate silica gelGFZ54 R as the coating substance.

(Ph. Bur. monograph 0109)

Thiamphenicol

G.5-[2-(acetyloxy)ethyl]-3-[(4-amino-2-methylpyrimiciin-5
yl)methyl]-4-methyl-1,3-thiazol-3-ium (acetylthiamine),
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Thiocolchicoside Crystallised from
Ethanol
(Ph. Bur. monograph 2896)

CZ7H33NOlOS,XCzH60 563.6 602-41-5
(ethanol-free substance)Anhydrous thiocolchicoside

Action and use
Muscle relaxant.

PhEur +- _

DEFINITION
N-[(7S,12aRJ-3-(~;))-Glucopyranosyloxy)-1,2-dimethoxy-l0

(methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo[a]heptalen-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 (anhydrous substance).

Dissolve 0.500 g in waterR and dilute to 100.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

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.

Test solution (b) Dilute 1.0 mL of test solution (a) to

10.0 mL with methanol R.
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 to
10.0 mL with methanol R.

Reference solution (b) Dissolve 5 mg of thiocolchicoside for
system suitability CRS (containing impurities D, E, G, H, K
and L) in methanol R and dilute to 5.0 mL with the same
solvent.

Reference solution (c) Dissolve 20.0 mg of thiocolchicoside
hydrate 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
methanol R.

Column:
- size: l =0.10 m, (2) =2.1 mm;
- stationary phase: end-capped ethylene-bridged phenylsilyl silica

gelfor chromatography (hybrid material) R (1.7 flITI);
- temperature: 25 "C.

Mobile phase:
- mobile phase A: dissolve 0.22 g of ammonium formate R in

350 mL of water R and mix with 25 mL of
tetrahydrofuran R;

- mobile phase B: dilute 45 J.LL of anhydrous formic add R in
900 mL of acetonitrile R and mix with 100 mL of
tetrahydrofuran R;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-2 99 1

2-6 99 -- 92 1 -+ 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

Flow rate 0.4 mllmin.
Detection Spectrophotometer at 370 nm.

Injection 1.0 ul, 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 obtained with reference solution (b) to
identify the peaks due to impurities D, E, H and L.

Relativeretention With reference to thiocolchicoside
(retention time = about 6 min): impurity D = about 0.2;
impurity H =about 0.4; 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 obtained with reference solution (a);
- peak-to-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).

Calculation ofpercentage contents:
- correction factor. multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity D = 1.7; impurity H = 2.8;

- for each impurity, use the concentration of
thiocolchicoside in reference solution (a).

Limits:
- impurity D: maximum 0.4 per cent;
- impurities B~ H: for each impurity, maximum 0.3 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.0 per cent;
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o

HO)-O,?

fL?
HO OH H3CO

H3CO

HO~.
o 0

OH

HO OHH3CO

H3CO

D. N-[(7S, 12aRJ-3-(~-D-glucopyranosyloxy)-1,2,10
trimethoxy-9-oxo-5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl]
acetamide (colchicoside),

HO~00
OH

HO OH H3CO

H3CO

E. N- [(7S,12aRJ-3-(~-D-glucopyranosyloxy)-1,2-dimethoxy
10-(methylsulfanyl)-9-oxo-S,6,7,9-tetrahydrobenzo [a]
heptalen-7-yljformamide (N-deacetyl-N
formylthiocolchicoside) ,

- repOTti.ng threshold: O.OS per cent; disregard the peak due to
impurityL.

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.

lrifeetion Test solution (b) and reference solution (c).

Calculate the percentage content of Cz7H33NOlQS taking
into account the assigned content of thiocolchicoside
hydrate CRS.

" STORAGE
In an airtight container, protected from light.

IMPURITIES
Specifiedimpurities D, E, H.

Other detectable impurities (thefollowing substances 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 other/unspecified 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) A, B, C, G, J,K; L

A. N-[(7S,12aRJ-l,2,3,10-tetramethoxy-9-oxo-S,6,7,9
tetrahydrobenzo [a]heptalen-7-yl]acetamide (colchicine),

B. N-[(7S, 12aRJ-l,2,3-trlmethoxy-l0-(methylsulfanyl)-9
OKO-S,,6,7,9-tetrahydrobenzo [a]heptalen-7-yl]acetamide
(thiocolchicine)"

G. (7S, 12aRJ-7-amino-3(~-D-glucopyranosyloxy)-l,2
dimethoxy-I 0-(methylsulfanyl)-6,7-dihydrobenzo [a]
heptalen-9(SH)-one (N-deacetylthiocolchicoside),

o

H. N- [(7S,12aRJ-3-(~-D-glucopyranosyloxy)-1,2-dimethoxy
9-oxo-S,6,7,9-tetrahydrobenzo [a[heptalen-7-yl]acetamide
(1O-demethoxycolchicoside),

C. N-[(7S,12aRJ-3-hydroxy-l ,2-dimethoxy-l0
(methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo [a]
heptalen-7-yl]acetamide (3-0-demethylthiocolchicine),
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HO).-O,?

(4
HO OH H,CO

H3CO

Thiocolchicoside Hydrate
(Ph. Eur. monograph 2814)

o

,,;S:'CH
OV 3

HO).-O,?

(4
HO OH H3CO

H3CO

J. N-[(7S, 12aRJ-3-(P-o-glucopyranosyloxy)-1,2-dirnethoxy
I 0-(methylsulfinyl)-9-oxo-5,6,7,9-tetrahydrobenzo[a]
heptalen-7-yl]acetamide (thiocolchicoside S-oxide),

____________________ PhEur

L. N-[(7S,12aSJ-3-(P-o-glucopyranosyloxy)-1,2-dimethoxy
10-(methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo[a]
heptalen-7-yl]acetamide (12aSa-thiocolchicoside).

Action and use
Muscle relaxant.

PhEur ~--------------

DEFINITION
N-[(7S, 12aRJ-3-(P-D-Glucopyranosyloxy)-1 ,2-dimethoxy-1 0
(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 quantity of water.

CHARACTERS
Appearance
Yellow crystalline powder, slightly hygroscopic.

Solubility
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in acetone.

mp
About 272 -c,
IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison thiocolchicoside hydrate 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 (~.2.7)
-600 to -570 (anhydrous substance).

Dissolve 0.500 g in water R and dilute to 100.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

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.

Test solution (b) Dilute 1.0 mL of test solution (a) to

10.0 mL with methanol R.
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 to
10.0 mL with methanol R.
Reference solution (b) Dissolve 5 mg of thiocolchicoside for
system suitability CRS (containing impurities D, E, G, H, K

C27H33NOlOS,xH20 563.6 602-41-5
(anhydrous substance)Anhydrous thiocolchicoside

or

HO~o 0

OH

HO OH

HO).-o,9

(4
HO OH H,CO

HO).-O,?

(4~
HO OH ·H

3CO
I #

H3CO

K. N-[(7S, 12aRJ-3-(P-o-glucopyranosyloxy)-2-hydroxy-l
methoxy-10-(methylsuUfanyl)-9-oxo-5,6,7,9
tetrahydrobenzo [a]heptalen-7-yl]acetamide or
N-[(7S,12aRJ-3-(J3-o-glucopyranosyloxy)-I-hydroxy-2
methoxy-I0-(methylsuUfanyl)-9-oxo-5,6,7,9
tetrahydrobenzo [a]heptalen-7-yl]acetamide,
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and L) in methanolR and dilute to 5.0 mL with the same
solvent.

Reference solution (c) Dissolve 20.0 mg of thiocolchicoside
hydrate CRS in methanolR and dilute to 20.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
methanolR.

Column:
- size: 1= 0.10 m, 0 =2.1 nun;
- stationary phase: end-capped ethylene-bridged phenylsilyl silica

gelfor chromatography (hybrid material) R (1.7 J.lIIl);
- temperature: 25°C.

Mobile phase:
- mobile-phase A: dissolve 0.22 g of ammonium formate R in

350 mL of waterR and mix with 25 mL of
tetrahydrofuran R;

- mobile phase B: dilute 45 J,LL of anhydrous formic acidR in
900 mL of acetonitrile R and mix with 100 mL of
tetrahydrofuran R;

Time
(min)

0-2

2-6

6-7.5

7.5 - 8.8

8.8 - 9.2

902- 10

Mobile phase A
(per cent VIJl)

99

99 - 92
92 -70

70 - 50
50 -+ 2

2

Mobile phase B
(per cent VIJl)

1

1 -+ 8

8 -+ 30

30 -+ 50

50 -+ 98

98

- reporting threshold: 0.05 per cent; disregard the peak due to
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.

Injection Test solution (b) and reference solution (c).

Calculate the percentage content of C27H33NOlOS taking
into account the assigned content of thiocolchicoside
hydrateCRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities D, E, G, H, K.

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
criterion for other/unspecified impurities 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) A, B, C, J, L.

Flow rate 0.4 mUmin.
Detection Spectrophotometer at 370 nm.

Injection 1.0 ul. of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with thiocolchicoside for systemsuitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities D, E, G, H, K and L.
Relative retention With reference to thiocolchicoside
(retention time =about fimin): 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 obtained with reference solution (a);
- peak-to-oalleyratio: 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
tbiocolchicoside in the chromatogram obtained with
reference solution (b).

Calculation of percentage contents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity D =1.7; impurity H =2.8;

- for each impurity, use the concentration of
thiocolchicoside in reference solution (a).

Limits:
- impurity E: maximum 1.0 per cent;
- impuni:y H: maximum. 0.7 per cent;
- impun°ty K: maximum. 0.3 per cent;
- impurities D, G: for each impurity, maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 2.5 per cent;

o

OCHs

A. N-[(7S,12aRJ-1,2,3,10-tetramethoxy-9-oxo-5,6,7,9
tetrahydrobenzo [a]heptalen-7-yl]acetamide (colchicine),

B. N- [(7S,12aRJ-l,2,3-trlmethoxy-10-(methylsulfanyl)-9
oxo-5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl]acetamide
(thiocolchicine),

C. N- [(7S,12aRa) - 3-hydroxy-1 ,2-dimethoxy-10
(methylsulfanylj-D-oxo-S,6,7,9-tetrahydrobenzo [a]
heptalen-7-yl]acetamide (3-0-demethylthiocolchicine),
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00)-0,9

tL?
HO OH H3CO

H3CO

o

HO)-0,9

ft.I
HO OH H3CO

H3CO

o
or

HO)-0,9

ft.I
HO OH H3CO

HO~00
OH

HO OH

K. N- [(7S, 12aRJ-3-(~-D-glucopyranosyloxy)-2-hydroxy-l
methoxy-l0-(methylstUfanyD-9-oxo-5,6,7,9
tetrahydrobenzo [a]heptalen-7-yl]acetamide or
N- [(7S, 12aRJ-3-(~-D-glucopyranosyloxy)-l-hydroxy-2
methoxy-I O-(methylsulfanyl)-9-oxo-5,6,7,9
tetrahydrobenzo [a]heptalen-?-yl]acetamide,

J. N- [(7S, 12aRJ-3-(~-D-glucopyranosyloxy)-1 ,2-dimethoxy
1O-(methylsulfinyl)-9-oxo-5,6,7,9-tetrahydrobenzo [a]
heptalen-?-yl]acetamide (thiocolchicoside S-oxide),

H0k;00
OH

HO OH H3CO

H3CO

H0k;.
00

OH

HO OH H3CO

H3CO

E. N-[(7S.J12aRJ-3-(~-n...g1ucopyranosyloxy)-1,2-dimethoxy
10-(methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo[a]
heptalen-7-yl]formamide (N-deacetyl-N
fonn:ylthiocolchicoside) ,

D. N-[(7S,12aRJ-3-(~-D-g1ucopyranosyloxy)-1,2,10
trimethoxy-9-oxo-5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl]
acetamide (colchicoside),

G. (7S,12aRJ-7-amino-3-(~D-g1ucopyranosyloxy)-1,2
dimethoxy-lO-(methylsulfanyl)-6,7-dihydrobenzo [a]
heptalen-9(5H)-one (N-deacetylthiocolchicoside),

H. N-[(7S, 12aRJ-3-(~-D-g1ucopyranosyloxy)-1 ,2-dimethoxy
9-oxo-5,6,7,9-tetrahydrobenzo [a]heptalen-7-yl]acetamide
(1O-demethoxycolchicoside),

HO~O
OH ~

HO OH H
3CO

I #

H3CO

L. N- [(7S, 12aSJ-3-(~-D-glucopyranosyloxy)-1,2-dimethoxy'"
10-(methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo[a]
heptalen-7-yl]acetamide (l2aSa-thiocolchicoside).

___________________ PhEur

o

00)-0,9

tL?
HO OH H3CO

H3CO
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Thioctic Acid Solvent mixture A mixture of equal volumes of acetonitrile R1
and a 0.7 gIL solution ofpotassium dihydrogen phosphate R
previously adjusted to pH 3.6 with 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 (a) Dissolve 5 mg of thioctic acidfor system
suitabz7ity 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 10.0 mL with the solvent mixture.

Reference solution (c) Dissolve 50.0 mg of thioaic acidCRS
in the solvent mixture and dilute to 50.0 mL with the solvent
mixture.

Blank solution Solvent mixture.

Column:
- size: l =0.25 ID, 0 =4.6 mm;
- stationary phase: oaadecylsilyl silica gelfor chromatography R

(5Ilm);
- temperature: 35 DC.

Mobilephase Mix 8 volumes of acetonitrile R1, 41 volumes
of a 0.7 gIL solution of potassium dihydrogen phosphate R
previously adjusted to pH 3.0 with phosphoric acidR, and
51 volumes of methanolR.
Flow rate 1.2 mUmin.
Detection Spectrophotometer at 215 nm.
Injection 20 J.1L.
Run time 2.5 times the retention time of thioctic acid.

Relative retention With reference to thioctic acid (retention
time = about 6 min): impurity A = about 2.2.

System suitability:
- resolution: minimum 6.0 between the peaks due to thioetic

acid and impurity A in the chromatogram obtained with
reference solution (a);

- symmetryfactor. maximum 2.0 for the peak due to thioctic
acid in the chromatogram obtained with reference
solution (c).

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 0.6;
- impurityA: 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: 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 0.2 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.

Injection Test solution and reference solution (c).

1077-28-7206.3

Action and use
Antioxidant.

(Ph. Bur. monograph 1648)

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
dirnethylformamide, freely soluble in methanol.

mp
About 61 -c.
IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison thioctic acid CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.50 g in a 20 gIL solution of sodiumhydroxide R
and dilute to 10 mL with the same solution.

ImpurityB
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 same solvent.

Reference solution Dissolve 20 mg of thioctic acidcontaining
impurity B CRS in dimethylformamide R and dilute to 1.0 mL
with the same solvent (1.0 per cent impurity B solution).

Plate TLC silica gelplate R.

Mobz1e phase 25 per cent VIV solution of ammoniaR,
waterR, ethyl acetate R, propanol R (5:10:40:40 VIVIVIV).

Application 5 Ill-.
Development Over 2/3 of the plate.

Drying At 50 DC for 20 min.

Detection Expose to iodine vapour 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:
- impurityB: any spot 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). Protect the solutions from
light.
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A. 5-[(4RS)-I,2,3-trithian-4-yl]pentanoic acid,

Thlomersal

(Ab -Aa -Ae) x mR x 0.1847

(Ad -Ac -Ab +Aa) x mT

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
a desiccator over diphosphorus pentoxide R 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 sulfuric acidR and heat gently until charring occurs,
continue to heat and add dropwise strong hydrogen peroxide
solution R until the mixture is colourless. Dilute with waterR,
evaporate until slight fuming occurs, dilute to 10 mL with
'Water R, cool down and titrate with 0.1 M ammonium
thiocyanate using ferric ammonium sulfate solution R2 as
indicator.

mg mass of mercuric chloride in the reference solution in
milligrams,

mr mass of the substance to be examined in milligrams.

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) gives reaction (a) of sodium
(2.3.1).

TESTS
Solution S
Dissolve 2.0 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension IT(2.2.1) and not more intensely coloured than
reference solution B6 (2.2.2, Method11).

pH (2.2.3)
6.0 to 8.0.

Dilute 5 mL of solution S to 50 mL with carbon dioxide-free
mater R.

Inorganic mercury compounds
Maximum 0.70 per cent.

Protect the solutions from light throughout theprocedure.
Test solution Dissolve 25 mg of the substance to be
examined in waterR and dilute to 25.0 mL with the same
solvent.

Reference solution Dissolve 95.0 mg of mercuric chloride R in
materR and dilute to 50.0 mL with the same solvent. Dilute
1.0 mL of the solution to 20.0 mL with water R.
Test; reference and blankpreparations 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 o.s mL of the reference solution. Dilute the
contents of flasks A and C to 10 mL with waterR (blank
preparations A and C). Dilute the contents of flasks B and 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
(blank preparation E).

Measure the absorbance (2.2.25) of each solution (Aa, Ab,

Aa Ad and AJ at 323 nm using waterR as the compensation
. liquid. Calculate the content of inorganic mercury
compounds, expressed as Hg from the expression:

54.64-8404.8

Action and use
Antiseptic; adjuvant in vaccine formulations.

Thimerosal

(Ph. Bur. monograph 1625)

IDENTIFICATION
First identification: B, D.
Secondidentification: A, CJ D.

A. Melting point (2.2.14): 103°C to 115 -c.
Dissolve 0.5 g in water R and dilute to 10 mL with the same
solvent. Add 2 mL of dilute hydrochloric acidR. A white
precipitate is formed. Wash the precipitate with waterR and
dry over diphosphorus pentoxide R at a pressure not exceeding
0.7 kPa.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison thiomersal CRS.
C. Treat 50 mg by the oxygen-flask method (2.5.10). Use a
mixture of 1 mL of strong hydrogen peroxide solution Rand
50·mL of waterR to absorb the combustion products. To the

DEFINITION
Sodium ethyl[2-sulfanylbenzoato(2-)-O,S]mercurate(I-).

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

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, sparingly soluble or soluble in
ethanol (96 per cent), practically insoluble in methylene
chloride.

)8 »<: ~ ~ lt
1~1:~~1

B. ct-hydro-ro-hydroxypoly[sulfanediyl(3-sulfanyl-8
oxooctane-LBediylj] (mixture of thioctic acid polymers).

___-,- PhEur

Calculate the percentage content of CaH140zSZ from the
peak areas and the declared content of thioctic acidCRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

s-s
s'~~C02H andenantiomer
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264.3

____________________ PhEur

PhEur _

Plate TLC silica gel GF254 plate R.
Mobile phase concentrated ammonia R, ethanol (96 per-cent) R,
methylene chloride R (5:15:80 VIV/V); use the lower layer.

Application 10 J-LL.
Development Over 3/4 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
50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution GY3 (2.2.2, MethodII).

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Testsolution 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 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 A, B, C and D) in the
mobile phase and dilute to 2.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m; (2) =4.6 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.lII1).

Mobz7e phase acetonitrile R1, 1 gIL solution of phosphoric
acidR (35:65 VIV).

Flow rate 1 mIJrnin.

Detection Spectrophotometer at 225 nm.
Injection 10 J-LL.
Run time Twice the retention time of thiopental.

Identification of impurities 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 peaks due to
impurities A, B, C and D.

Relative retention 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.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities A and B; minimum 1.5 between the peaks due
to impurity C and thiopental.

Limits:
- correction factor:for the calculation of content, multiply the

peak area of impurity B by 1.5;

and enantiomer

Action and use
Intravenous barbiturate; general anaesthetic.

Preparation
Thiopental Injection

1 mL of 0.1 M ammonium thiocyanate is equivalent to
20.24 mg of C9H9HgNaOzS.

STORAGE
Protected from light.

(Thiopental Sodium and Sodium Carbonate, Ph. Bur.
monograph 0212)

Thiopental Sodium

DEFINITION
Mixture of sodium 5-ethyl-5-[(IR5)-I-methylbutyl]-4,6
dioxo-l,4,5,6-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.

IDENTIFICATION
First identification: A~ B~ E.
Second identification: A~ C~ D~ E.
A. Acidify 10 mL of solution S (see Tests) with dilute
hydrochloric acidR. An effervescence is produced. Shake with
20 mL of l~l-dimethylethyl methyletherR. Separate the upper
layer, wash with 10 mL of waterR, dry over anhydrous sodium
sulfate R and filter. Evaporate the :filtrate to dryness and dry
the residue at 100-105 °C. 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 °C) is not greater than 2 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Preparation Use the residue obtained in Identification
test A.

Comparison thiopental CRS.

C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.1 g of the substance to be examined
in waterR and dilute to 100 mL with the same solvent.

Reference solution Dissolve 85 mg of thiopental CRS in
10 mL of dilute sodium hydroxide solution R and dilute to
100 mL with waterR.
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(ph. Bur. monograph 2005)

50-52-2

and enantiomer

and enantiomer

370.6

°1~YS
HsC~NH

HsC H 0

Action and use
Dopamine receptor antagonist; neuroleptic.

~
o ~~O

HsC I
. . NH and enantiomer

HsC·· 6H~O

DEFINITION
10- [2-[(2RS)-1-Methylpiperidin-2-yl] ethyl]-2
(methylsulfanyl)-lOH-phenothiazine

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

H S

°VN-<,
HsC: NH2

- ~C02H
~H its epimer at C· and

HsC CH3 their enantiomers

~
' O ~v.s

H3C I
NH

H3C 0

H3C

Thioridazine

C. 5-ethyl-5-(l-ethylpropyl)-2-thioxo-2,3-dihydropyrimidine
4,6 (lH,5H)-dione"

D. mixture of (2RS,3RS)-2-(carbamothioylcarbamoyl)-2
ethyl-3-methylhexanoic acid and (2RS,3SR)-2
(carbamothioylcarbamoyl)-2-ethyl-3-methylhexanoic acid.

____________________ PhEur

A. 5-[ (lRS)-1-methylbutyl]-2-thioxo-2,3-dihydropyrimidine
4,6 (lH,5H)-dione,

B. 5-ethyl-5-[(lRS)-1-methylbutyl]pyrimidine-2,4,6
(lH,3H,5H)-trione,

demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A.

- impurity C: not more than 6 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (3.0 per cent);

- impurity B: not more than twice the area of the principal
peal, in 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);

- unspecified impurities: for each impurity, not more than
0.2 times the area of the principal peak in the

. chromatogram obtained with reference solution (a)
(0.10 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 limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Chlorides (2.4. 4) ._~

Maximum 330 ppnif

To 5 mL of solution'S add 35 mL of waterRand 10 mL of
dz7ute nitric acidR.··Snake with 3 quantities, each of 25 mL, of
l;,l-dimethylethylmethyletherR and discard the upper layer.
Eliminate the organic solvent from the lower layer by heating
on a water-bath. 15 mL of the solution complies with the test
for chlorides.

Loss on drying (2.2.32)
Maximum 2.5 per cent, determined on 0.500 g by drying in
vacuo at 100°C for 4 h.

ASSAY
Sodium.
Dissolve 0.400 gin 30 m.L of waterR. Add 0.1 mL of methyl
redsolution R and titrate with 0.1 M hydrochloric acid until a
red colour is obtained. Boil gently for 2 min. Allow to cool
and, if necessary, continue the titration with 0.1 M
hydrochloric acid until the red colour is again obtained.

1 mL of 0.1 M hydrochloric acid is equivalent to 2.299 mg of
Na.

Thiopental
Dissolve 0.150 gin 5 mL of waterR. Add 2 mL of dz1ute
sulfuric. acidR and shake with 4 quantities, each of 10 mL, of
chloroform 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
dimethylformamide R and add 0.1 mL of a 2 gIL solution of
thymol blue R in methanol R. Titrate immediately with 0.1 M
lithium methoxide until a blue colour is obtained. Protect the
solution from atmospheric carbon dioxide during the
titration.

1 mL of 0.1 M lithium methoxide is equivalent to 24.23 mg of
CIIHlSNzOzS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specifiedimpurities B;, C, D.

Other detectable impurities (the following substances uiould, if
presentat a sufficient level, be detected by one or other of the tests
in the monograph. They are limitedby 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 impurities for
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CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, very soluble 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, MethodII).

Related substances
Liquid chromatography (2.2.29). Carry out the testas quickly
aspossible and protected from light.

Testsolution Dissolve 20mg 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
thioridazine for system suitability CRS (containing ~urities

A, B, C, D and E) in 1.0 mL of methanol ...
Column:
- size: l =0.25 m, (2) =4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R resistant to bases up to pH 11.

Mobile phase:
- mobile phase A: triethylamine R1, acetonitrile R, water R

(2:400:600 V/V/V);
- mobile phase B: triethylamine Rl, acetonitrile R

(2:1000 V/V);

Limits:
- correction 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 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)
(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 vacuoat
50°C for 4 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 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 37.06 mg
of C21H2~2S2'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, 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
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 pharmaceutical use) F.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 275 nm.
Injection 25 IlL.
Identification of impurities Use the chromatogram supplied
with thioridazine for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, D and E.

Relative retention With reference to 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.

Systemsuitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

impurities C and B.

A. 10-[2-[(2RS)-1-methylpiperidin-2-yl]ethyl]-2
(methylsulfonyl)-10R-phenothiazine 5,5-dioxide,

B. 10- [2-[ (2RS)-1-methylpiperidin-2-yl]ethyl]-2
(methylsulfinyl)-lOH-phenothiazine (mesoridazine),

andenantiomer

andenantiomer

o
0-)095

95

Mobile phase B
(per cent VIJI)

100

100 -)0 5

5

Mobile phase A
(per cent VIJI)

Time
(min)

0-5

5 - 35

35 - 40
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Thioridazine Hydrochloride 11-1127

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 thioridazine hydrochloride CRS.

B. 0.2 g gives reaction (b) of chlorides (2.3.1).

TESTS
Carry out alloperations protected from light.

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~ MethodII).
Dissolve 1.0 g in methanol R and dilute to 20 mL with the
same solvent.

Optical rotation (2.2.7)
-0.10° to + 0.10 0

•

Dissolve 1.0 g in methanol R and dilute to 20.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out 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 contents of a vial of
thioridazine for system su£tab£l£ry CRS (containing
impurities A, B, C, D and E) in 1.0 mL of methanol R.
Column:
- size: I =0.25 m, 0 =4.0 rnm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn) resistant to bases up to pH 11.

Mobilephase:
- mobile phase A: triethylamine R1~ acetonitrile R, waterR

(2:400:600 V/V/V);
- mobile phase B: triethylamine R1, acetonitrile R

(2:1000 V/V);

and enantiomer

and enantiomer

V
~ H....~
# N~N)SD Hand enantiomer

~I
~ S .... CH3

V
~ H ....~
# N~N)SD bH and enantiomer

O~ ~ 3

I
~ S .... CH3

C. IO-[2-[(2RS)-I-methylpiperidin-2-yl]ethyl]-2
(methylsulfanyl)-IOH-phenothiazine 5-oxide,

D. IO-[2-[(2RS)-I-methylpiperidin-2-yl]ethyl]-2
(methylsulfinylj-Ifljf-phenothiazine 5-oxide,

F. 2-(methylsulfanyl)-IO-[2-[(2RS)-piperidin-2-yl]ethyl]-10H
phenothiazine (northioridazine).

Thioridazine Hydrochloride

E. 10- [2..[(2RS)-I-methylpiperidin-2-yl]ethyl]-2
(methylsulfonyl)-IOB-phenothiazine (sulforidazine),

Ph£ur _

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 275 nm.

Injection 25 J-tL.
Identification of impurities Use the chromatogram supplied
with thioridazine for system suiiabiliiy CRS to identify the peaks
due to impurities A, B, C, D and E .

Relative retention With reference to 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;
impurity F = about 0.9.

o
0->95

95

Mobile phase B
(per cent VIJI)

100

100 -> 5

5

Mobile phase A
(per cent VJlI)

Time
(min)

0-5

5 - 35

35 - 40

130-61-0

and enantiomer • HCI

407.0

DEFINITION
10-[2-[(2RS)-I-Methylpiperidin-2-yl]ethyl]-2
(methylsulfanyl)-IOH-phenothiazine hydrochloride.

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

Action and use
Dopamine receptor antagonist; neuroleptic.

www.webofpharma.com
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and enantiomer

and enanliomer

and enantiomer

~
~ H <.(l
# N~N)SD Hand enantiomer

~I
~ S.... CH3

~
. ~ H....(l

# N~N).SD 6H and enantiomer
O~ ~ 3

I
~ S .... CH3

C. 10-[Z-[(ZRS)-l-methylpiperidin-2-yl]ethyl]-2
(methylsulfanyl)-10R-phenothiazine 5-oxide,

B. 10- [Z-[(2RS)-1-methylpiperidin-2-yl]ethyl]-2
(methylsulfinyl)-10R-phenothiazine,

D. 10-[2-[(2RS)-I-methylpiperidin-Z-yl]ethyl]-2
(methylsulfinyl)-10R-phenothiazine 5-oxide,

F. 2-(methylsulfanyl)-10-[Z-[(ZRS)-piperidin-2-yl]ethyl]-10R
phenothiazine.

E. 10- [2-[(2RS)-I-methylpiperidin-2-yl]ethyl]-2
(methylsulfonyl)-10R-phenothiazine,

and enantiomer

System suitabzlity Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

impurities C and B.
Limits:
- correction factors: for the calculation ofcontent, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 1.9;
impurity B = Z.4; impurity C = 0.5; impurity D = 1.5;

- impurities A, B, C, D, E: for each impurity, not more than
the area 'Ofthe 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 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 l.OOOg 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 acetic
acidR and .60 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 perchloric acid is equivalent to 40.70 mg
of C21H27CIN2S2'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They arelimited 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 impurities for
demonstration of compliance. See also 5.10. Control ofimpurities
in substances for pharmaceutical use) F.

A. 10-[Z-[(ZRS)-I-methylpiperidin-Z-yl]ethyl]-2
(methylsulfonyl)-lOR-phenothiazine 5,5-dioxide,

www.webofpharma.com
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Thiotepa

DEFINITION
Thiotepa is phosphorothioic tri(ethyleneamide). It contains
not less than 97.0% and not more than 102.0% of
C6H12N3PS, c~cu1atedwith reference to the anhydrous
substance.

CHARACTERISTICS
Fine, white crystallirieflakes.

Freely soluble in water, in chloroform and in ethanol (96%).

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of thiotepa (RS 337).
B. Burn 20 mg by the method for oxygen-flask combustion,
Appendix. VITI 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 solution (100 voD and 1 mL of
1M hydrochloric acid, mix and add 0.05 mL of barium chloride
solution. 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 acidsolution,
mix, add 0.1 g of L-ascorbic acidand boil for 1 minute.
A blue colour is produced.

TESTS
Melting point
52° to 57°, Appendix V A.

Clarity of solution
A 2.0% w/v solution is clear, Appendix IV A.

Related substances
Carry out the method for liquid chromatography,
Appendix ill D, using the following freshly prepared
solutions. Solutions (1) and (2) are solutions of the substance
being examined in watercontaining 0.350% w/v and
0.00035% w/v, respectively. For solution (3) dissolve 10 mg
of the substance being examined in 2 mL of methanol in a
ground-glass-stoppered tube, add 50 J.tL of a 0.1% v/v
solution of orthophosphoric acid, stopper the tube and heat in a
water bath at 65° for 50 seconds (generation of
methoxythiotepa). Allow the solution to cool and add 1 mL
of methanol. For solution (4) dissolve 15 mg of the substance
being examined in 10 mL of water, add 1 g of sodium chloride,
boil in a water bath for 10 minutes and cool (generation of
chIoro-adduct) .

The chromatographic procedure may be carried out using
(a) a stainless steel column (15 em x 4.6 mm) packed with
end-capped octadecylsilyl silica gelfor chromatography (5 um)
(Nuc1eosil CI8 is suitable), (b) 15 volumes of acetonitrile and
85 volumes of 0.1M mixedphosphate buffer pH 7.0 as the
mobile phase with a flow rate of 1 mL per minute and (c) a
detection wavelength of 215 nm.

A. 'chloro-adduct',

S
I' II
t- N-~-NH-CHz-CH2-CI

N
D

C. 'hydroxythiotepa B'.

S
I' IIt- N-P-NH-CHz-CHz-OH

I

N
D

B. 'hydroxythiotepa A',

S
I' II

vN-~-OH

N
D

The chromatogram obtained with solution (3) shows a peak
corresponding to methoxythiotepa with a retention time
relative to thiotepa of about 1.3 and the chromatogram
obtained with solution (4) shows a peak due to the chioro
adduct with a retention time relative to thiotepa of about
3.75. The test is not valid unless the resolution factor Between
the two principal peaks in the chromatogram obtained with
solution (3) is at least 3.

For solution (1) 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 'chIoro-adduct' (identified from
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
area of 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 area of the
principal peak in the chromatogram obtained with solution
(2) (0.2%).

Water
Not more than 0.5% w/w, Appendix IX C. Cool the reagents
and titration vessel in ice throughout the procedure and use
1.2 g. Complete the procedure as quickly as possible.

ASSAY
Transfer 0.2 g to an iodine flask with the aid of 50 mL of a
20% w/v solution of sodium thiosulfate and titrate immediately
with 0.1M hydrochloric acid VS, using 0.05 mL of methyl
orange solution as indicator, until a faint red colour persists for
10 seconds. Stopper the flask, allow to stand for 30 minutes
and titrate with O.lM sodium hydroxide VS using
phenolphthalein solution R1 as indicator. Subtract the volume
of 0.1M sodium hydroxide VS used from the volume of a.1M
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.lM hydrochloric acid VS is equivalent
to 6.307 mg of C6H12N3PS.

STORAGE
Thiotepa should be stored at a temperature of 2° to 8°.
At higher temperatures it polymerises and becomes inactive.

IMPURITIES

52-24-4189.2

s
[:N-P-N::]

I

N
D

Action and use
Cytotoxic alkylating agent.

Preparation
Thiotepa Injection
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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
Firstidentification: A, B.
Second identification: A, 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).

Testsolution Dissolve 10 mg of the substance to be
examined in a 1 per cent VIV solution of frydrochloric acid R
and dilute to 50 mL with the same solution.

Reference solution Dissolve 10 mg of threonine CRS in a
1 per cent VlV solution of hydrochloric acidR and dilute to
50 mL with the same solution.

Plate TLC silica gelplate R.

Mobile phase glacial acetic acidR, waterR, butanol R
(20:20:60 VlVIV).

Application 5 J.LL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydnn 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 1 mL of a 20 gIL solution of sodium
periodate R. Add 0.2 mL of piperidine Rand 0.1 mL of a
25 gIL solution of sodium nitroprusside 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, Method II).

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 described
in general chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.

Solution A dilute hydrochloric acidR1 or a sample preparation
buffer suitable for the apparatus used.

Test solution Dissolve 30.0 mgof 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 to 250.0 mL with solution A.

Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (loa 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 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.

Blank solution Solution A.

Inject suitable, equal amounts of the test, blank and reference
solutions into the amino acid analyser. Run a program
suitable for the determination of physiological amino acids.

System suitabz1ity Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurity D and leucine.

Calculation of percentage contents:
- for any ninhydrin-positive substance detected at 570 run,

use the concentration of threonine 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 run for
quantification.

Limits:
- any ninhydrin-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 10 mL of solution S to 15 mL with water R.

72-19-5119.1

(Ph. Bur. monograph 1049)

Action and use
Amino acid.

Threonine
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89-83-8150.2ClOH140
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(Ph. Bur. monograph 0791)

Thymol

D. (2S,3S)-2-amino-3-methylpentanoic acid (isoleucine),

DEFINITION
5-Methyl-2-(methylethyl)phenol.

CHARACTERS
Appearance
Colourless crystals.

Solubility
Very slightly soluble in water, very soluble 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
Firstidentification: 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 thymolCRS.
C. Dissolve 0.2 g with heating in 2 rnl, 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.
Add 0.15 mL of sulfuric acidRand 0.05 mL of nitric acidR.
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 R<; (2.2.2, MethodII).

Dissolve 1.0 gin 10 mL of dilute 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 to be examined to initiate
crystallisation. Shake vigorously for 1 min and filter.
To 5 mL of the filtrate add 0.05 mL of methylredsolution R
and 0.05 mL of 0.01 M sodium hydroxide. The solution is
yellow.

H NH2

H2N~C02H

H3CyyOH

~CH3
CH3

E. (2S)-2,6-diaminohexanoic acid (lysine).

C. (2S)-2-amino-3-methylbutanoic acid (valine),

A. (2S)-2-amino-4-hydroxybutanoic acid (homoserine),

B. (2S)-2-aminopropanoic acid (alanine),

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in distilled waterR 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 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 separatingfunnelcdissolve 1.0 gin 10 mL of dilute
hydrochloric acidR.·Sl1ake with 3 quantities, each of 10 mL,
of methylisobutyl ketoneRl, shaking for 3 min each time.
To the combined organic layers add 10 mL of waterR and
shake for 3 min. Usethe 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 0.100 gin 5 mL of anh;ydrousformic acidR.
Add 30 mL of anhydrous acetic 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 11.91 mg of
C4HgN03•

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneorotherof the tests
in the monograph. They are limitedby the general 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) A, B, C, D, E.
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Tiabendazole
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Preparati.on
Tiabendazole Chewable Tablets

DEFINITION
Tiabendazole contains not less than 98.0 per cent and not
more than the equivalent of 101.0 per cent of 2-(thiazol-4
yl)-IH-benzimidazole, calculated with reference to the
anhydrous substance.

CHARACTERS
A white or almost white, crystalline powder, practically
insoluble in water, slightly soluble in alcohol and in
methylene chloride. It dissolves in dilute mineral acids.
It melts at about 300 "C.

IDENfIFICATION
Firstidentification: B.
Second identification: 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 100.0mLwith 0.1 M hydrochloric acid. Examined between
230 nm and 350 nm (2.2.25), the solution shows two
absorption maxima, at 243 nm and 302 nm. The ratio of the
absorbance measured at the maximum at 302 nm to that
measured at the maximum 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 nm.
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. Dissolve about 5 mg in 0.1 M hydrochloric acidand dilute
to 5 mL with the same acid. Add 3 mg of p-phenylenediamine
dihydrochloride R and shake until dissolved. Add 0.1 g of zinc
powder R, mix, allow to stand for 2 min and add 5 mL of
ferric ammonium sulfate solution R2. A bluish-violet colour
develops. --

TESTS
Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gelHF254 R as the coating substance.

Testsolution (a) Dissolve 0.10 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 2 mL of test solution (a) to 20 mL
with methanol R.

Reference solution (a) Dissolve 20 mg of tiabendazole CRS in
methanol R and dilute to 20 mL with the same solvent.

Reference solution (b) Dilute 1 mL of test solution (b) to
10 mL with methanol R.

Reference solution (c) Dilute 1 mL of test solution (b) to
25 mL with methanolR.

Apply separately to the plate 20 ul, of each solution. Develop
over a path of 15 em using a mixture of 2.5 volumes of
water R, 10 volumes of acetone R, 25 volumes of glacial acetic
acidRand 62.5 volumes of toluene R. Allow the plate to dry
in air and examine in ultraviolet light at 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)
(1.0 per cent) and at most one such spot is more intense

148-79-8

80

80 -> 240

240
250

300

Temperature
CC)

201.2

Time
(min)

0-2
2 -22

22 - 37

Column

Injection port

Detector

Action and use
Benzimidazole antihelminthic.

(Ph. Bur. monograph 0866)

Related substances
Gas chromatography (2.2.28).

Test solution Dissolve 0.100 g of the substance to be
examined in ethanol (96 per cent) R and dilute to 10.0 mL
with the same solvent.

Reference solution (a) Dilute 1 mL of the test solution to
100 mL with ethanol (96 per cent) R.

Reference solution (b) Dilute 1 mL of reference solution (a)
to 10 mL with ethanol (96 per cent) R.

Reference solution (c) Dilute 5 mL of reference solution (b)
to 10 mL with ethanol (96 per cent) R.
Column:
- material: glass or steel;
- size: l =4 m, 0 =2 nun;
- stationary phase: diatomaceous earthfor gas

chromatography R, impregnated with a mixture suitable
for the separation of free fatty acids.

Carriergas nitrogen for chromatography R.

Flow rate 30 mUmin.
Temperature:

Detection Flame ionisation.

Injection 1!J,L.
System suitability Reference solution (b):
- signal-to-noise ratio: minimum 5 for the principal peak.

Limits:
- total: not more than the area of the principal peak in the

chromatogram obtained with 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 weighs not more than
1.0 mg.

STORAGE
Protected from light.
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2020 Tianeptine sodium II-II33

PhEur _

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison .Ph. Bur. reference spectrum of tianeptine sodium.
B. It gives reaction (a) of sodium (2.3.1).

TESTS
Impurity A
Gas chromatography (2.2.28).

Internalstandard solution Dilute 1 mL of ethyl
5-bromovalerate R in ethanol R and dilute to 100.0 mL with
the same solvent. Dilute 1.0 mL of the solution to 250.0 mL
with ethanol R.
Test solution Dissolve 0.1000 g of the substance to be
examined in the internal standard solution and dilute to
2.0 mL with the same solution.

Reference solution Dissolve 10.0 mg of tianeptine
impurityA CRS in the internal standard solution and dilute
to 200.0 mL with the same solution.

Column:
- material: fused silica,
- size: l = 25 m, 0 = 0.25 nun,
- stationary phase: poly(cyanopropyl)siloxane R (film thickness

0.2 J.lIl1).

Carrier gas helium for chromatography R.

Linear velocity 26 cm/s.

Split ratio 1:100.
Temperature:
- column: 1SO "C,
-injection port and detector. 210 "C.

Detection Flame ionisation.

Injection 1 J,JL.
Run time Twice the retention time of ethyl 5-bromovalerate.

System suitability Reference solution:
- elution order. ethanol, ethyl 5-bromovalerate, impurity A,
- resolution: minimum 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:
- impurityA: 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 SO volumes of methanolR and
SO volumes of waterfor chromatography R.
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) 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 20.0 mg of sodium tianeptine
for system suitability CRS in the solvent mixture and dilute to
200.0 mL with the solvent mixture.

Column:
- size: l =0.15 m, 0 =4.6 nun,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3 J.lIl1) with a pore size of 0.01 J.lIl1,
- temperature: 30 "C.

30123-17-2

andenantiomer

CI

458.9

Action and use
Antidepressant.

________________----'~__ PhEur

(ph. Eur. monograph 2022)

Tianeptine Sodium

A. benzene-l,2-diamine.

DEFINITION
Sodium 7-[[(lIRS)-3-chloro-6-methyl-6,11
dihydrodibenzo [cJ] [l ,2]thiazepin-ll-yl] amino]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 in water, in methanol and in methylene
chloride.

than the spot in the chromatogram obtained with reference
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 1 volume of methanol R and
2 volumes of waterR. 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 acetylacetone R and shake until the solution is
clear. The solution is not more intensely coloured than
reference solution R7 (2.2.2, Method l) (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, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 30 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchlorieiacid, determining the end-point
potentiometrically E'i.2. 20) .

1 mL of 0.1 M perchloricacid is equivalent to '20.12 mg of
C lOH7N3S. 7~

STORAGE
Store protected from light.

IMPURITIES
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11-1134 Tiapride Hydrochloride 2020

Mobilephase:
- mobile phaseA: mix 21 volumes of methanolR1,

31.5 volumes of acetonitrile R1 and 47.5 volumes of a
2 gIL solution of sodium laurilsulfate R, adjusted to pH 2.5
with phosphoric acid R,

- mobile phaseB: mix 20 volumes of methanolRl,
20 volumes of a 2 gIL solution of sodium laurilsulfate R,
adjusted to pH 2.5 with phosphoric acid Rand 60 volumes
of acetonitrile R1,

C. 3-ehloro-6-methyldibenzo [cJ] [1,2]thiazepin-ll (6H)-one S,
S-dioxide,

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-35 100 0

35 - 45 100- 40 0-60

45 - 60 40 60

60 - 70 40 - 100 60 - 0

CI

PhEur _

51012-33-0

, Hel

364.9

Action and use
Dopamine receptor antagonist; neuroleptic.

D. 7-[[(IlRS)~3-chloro-6-methyldibenzo[cJ] [1,2]thiazepin-l1
(6H)-ylidene]amino]heptanoicacid S,S-dioxide,

Tiapride Hydrochloride
(Ph. Bur. monograph 1575)

E. 7,7'-[[(IIRS)-3-chloro-6-methyl-6,II-dihydrodibenzo[cJ]
[1,2]thiazepin-ll-yl] imino]diheptanoicJacid S,S-dioxide.

_____________----, Ph Eur

Flow rate 1 mlJrnin.
Detection Spectrophotometer at 220 nm.
Injection 10!1L.

Relative 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).

Water (2.5.12)
Maximum 5.0 per cent, determined on 0.100 g.

ASSAY
Dissolve 0.165 gin 50 mL of anhydrous acetic 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 22.95 mg of
CZIHz4ClNzNa04S,

STORAGE
In an airtight container.

IMPURITIES

A. ethyl 7-bromoheptanoate,

and enantiomer

CI

B. ethyl 7-[[(IIRS)-3-chloro-6-methyl-6,11-
dihydrodibenzo [cJ] [1,2]thiazepin-l1-yl]amino[heptanoate
S,S-dioxide,

DEFINITION
N-[2-(Diethylamino)ethyl]-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
Very soluble in water, soluble in methanol, slightly soluble in
anhydrous ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tiapride hydrochloride CRS.
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B" Solution S (see Tests) gives reaction (a) of chlorides
(2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R and dilute to
50.0 mL with the same solvent.

Appe~nceofsolution

Solution S is clear (2.2.1) and its absorbance (2.2.25) at
450 run is not greater than 0.030.

pH (2.2.3)
4.0 to 6.0 for solution S.

Impurity 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
impurity E CRS (impurity C) in methanol R and dilute to
50 mL with the same-solvent. Dilute 2.0 mL of the solution
t~, 20 mL with methanol R.
Plate TLC silica getF254 plate R.
Mobilephase concentrated ammonia R, dioxan R, methanol R,
methylene chloride R (2:10:14:90 V/V/V/V).
Application 10 IlL.
Development Over 4/5 of the plate.

Drying In air.

Detection Spray with a 2 gIL solution of ninhydrin R in
butanolR and heat at 100°C for 15 min.

Retardation factors Impurity C = about 0.1;
tiapride = about 0.6.

Limit:
- impurity 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 Dissolve 0.100 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 1.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of tiapride
hydrochloride CRS and 5.0 mg of tiapride N-oxide CRS·
(impurity D) in the mobile phase and dilute to 100.0 mL
with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 rom;
- stationary phase: base-deactivated end-capped octylsilyl silica

gelfor chromatography R (5 urn);
- temperature: 40°C.

Mobilephase Dissolve 5.44 g of potassium dihydrogen
phosphate Rand 0.08 g of sodium octanesulfonate R in 780 mL
of water R, adjust to pH 2.7 with phosphoric acidR and dilute
to 800 mL with waterR; add 150 mL of methanol Rand
50 mL of acetonitrile R and mix.

Flow rate 1.5 mL/min.

Detection Spectrophotometer at 240 DIn.

Injection - 10 IlL.
Run time 3 times the retention time of tiapride.

Tiapride Hydrochloride 11-1135

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity D.

Relativeretention With reference to tiapride (retention
time =about 7 min): impurity D =about 1.2.

Systemsuitability Reference solution (b):
- resolution: minimum 4.0 between the peaks due to tiapride

and impurity D.

Calculation of percentage contents:
- for each impurity, use the concentration of tiapride 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 (2.2.32)
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 gin 20 mL of anhydrous acetic acidR.
Add 20 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 perchloric acidis equivalent to 36.49 mg
of ClsH2SCIN204S.

IMPURITIES
Specified impurities C.
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
criterion for other/unspecified impurities and/or 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 for pharmaceutical use) A, B; D.

A. methyl 2-methoxy-5-(methylsulfonyl)benzoate,

B. 2-methoxy-5-(methylsulfonyl)benzoic acid,

C. N,N-diethylethane-1,2-diamine,
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11-1136 Tiaprofenic Acid 2020

____________________ PhEur

PhEur _

solvent. Dilute 1 mL of this solution to 2 mL with reference
solution (a).

Plate TLC silica gelFZ54 plate R.

Mobile phase acetic acidR, methylene chloride R, acetone R
(1:20:80 VIVIV).

Application 10 ilL.

Development Over a path of 15 cm.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitabz1ity 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 and 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, Method11).

Dissolve 2.0 g in ethanol (96 per cent) R and dilute to 20 mL
with the same solvent.

Optical rotation (2.2.7)
-0.100 to + 0.10 0

•

Dissolve 0.50 g in ethylacetate 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 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 mobile phase.

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{)ftiaprofenic acid
impurityC 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 1.0 mL of reference solution (a)
to 2.0 mL with reference solution (c).

Column:
- size: 1= 0.25 m, 0 =4.6 mrn;
- stationary phase: silica gelfor chromatography R (5 urn).

Mobile phase waterR, glacial acetic acidR, hexane R,
methylene chloride R (0.25:20:500:500 VIVIVIV); add the
water to the acetic acid, then hexane and methylene chloride;
sonicate the mixture for 2 min. Do not degas with helium
during analysis.

Flow rate 1 mIJmin.

Detection Spectrophotometer at 250 nm.

Injection 20 IlL.
Run time Twice the retention time of tiaprofenic acid.

Relative retention With reference to tiaprofenic acid:
impurity A = about 0.19; impurity B = about 0.43;
impurity C = about 0.86.

System suitability Reference solution (d):
~ resolution: minimum 3.0 between the peaks due to

impurity C and tiaprofenic acid.

33005-95-7260.3

(Ph. Eur. monograph 1157)

DEFINITION
(2RS)-2-(5-Benzoylthiophen-2-yl)propanoic acid.

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

CHARACTERS
Appearance
White or almost white, aystalIine powder.

Solubility
Practically insoluble in water, freely soluble in acetone, in
ethanol (96 per cent) and in methylene chloride.

IDENTIFICATION
Firstidentification: C.

Secondidentification: A, B, D.
A. Melting point (2.2.14): 95 DC to 99 DC.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 25.0 mg in ethanolic hydrochloric acidR
and dilute to 50.0 mL with the same solvent. Dilute 1.0 mL
of this solution to 50.0 mL with ethanolic hydrochloric acidR.
Spectral range 220-350 nm,
Absorption maximum At 305 nm.
Shoulder At 262 nm,

Specific absorbance at the absorption maximum 550 to 590.

C. Infrared absorption spectrophotometry (2.2.24).
Comparison tiaprofenic acid CRS.

D. Thin-layer chromatography (2.2.27).

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

Reference solution (aJ Dissolve 10 mg of tiaprofenic acidCRS
in methylene chloride R and dilute to 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

D. N- [2-(diethyloxidoaminol)ethyl]-2-methoxy-5
(methylsulfonyl)benzamide (tiapride N-oxide).

Action and use
Cyclo-oxygenase inhtbitor; analgesic; anti-inflammatory.

Tiaprofenic Acid
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Limits:
- impurity C: not more 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 (b) (0.10 per cent);

- sum of impurities otherthan C: not more than 1.5 rimes 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 (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 60°C at a pressure not exceeding 0.7 kPa for 3 h.

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

ASSAY
Dissolve 0.250g iri~25 mL of ethanol (96 per cent) R.
Add 25 mL ofwaterR and 0.5 mL of phenolphthalein
solution R. Titrate with 0.1 M sodium hydroxide.
1 mL of 0.1 Msodium hydroxide is equivalent to 26.03 mg of
Cl~1203S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities C.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the monograph. They are limited by thegeneral 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 for pharmaceutical use) A, B, D, B, F.

A. (5-ethylthiophen-2-yl)phenylmethanone,

B. 1-(5-benzoylthiophen-2-yl)ethanone,

.~o5
. "I . Co,H andenantiomer

f' H CH3

C. (2RS)-2-(5-benzoylthiophen-3-yl)propanoic acid,

D. benzoic acid,

Tibolone 11-1137

H CH3ifC02H and enantiomer

E. (2RS)-2-(thiophen-2-yl)propanoic acid,

crxo , S ,ar
\1

f "

F. (5-bromothiophen-2-yl)phenylmethanone.

___----------------- Ph£ur

Tibolone
(Ph. Bur. monograph 1739)

312.5

Action and use
Steroid with estrogenic and progestogenic properties.

Preparation
Tibolone Tablets

Ph£ur _

DEFINITION
17-lIydroxy-7cr-methyl-19-nor-17cr-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
Practically insoluble in water; soluble in acetone and in
methanol.

It shows polymorphism (5.9).

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. .reference spectrum of tibolone.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined in the minimum
volume of anhydrous ethanol R, evaporate to dryness on a
water-bath and record a new spectrum using the residue.

TESTS
Specific optical rotation (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).

www.webofpharma.com



11-1138 Tibolone

Select a brand of acetonitrile such that theformation of possible
artefact peaks, elutingafterimpurity C at relative retentions 0.6 to
0.8, is avoided.

Solvent mixture waterR, acetonitrile RJ (25:75 VI1/).

Testsolution 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 tibolone 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, (2) = 4.6 mm;
- stationary phase: spherical end-capped octylsilyl silica gelfor

chromatography R (5 J.UIl).

" Mobile phase methanol R, acetonitrile RJ, waterR
(8:40:52 VIVI1/).

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 205 nm.
Injection 5 ilL.

Run time 3 times the retention time of tibolone.

Identification of impurities Use the chromatogram supplied
with tibolone for system suitabtlity CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
to impurities A, B, C, D and E.

Relative retention 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 E = about 2.24.

System suitabzlity Reference solution (a):
- peak-to-valley ratio: minimum 2.0, 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
curve·separating this peak from the peak due to tibolone.

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 B = 1.5; 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);

- impurity 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);

- impurity 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);

- impurity D: not more than 0.2 times 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
0.1 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).

2020

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 WI. solution of silver nitrate 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 31.25 mg of
CZIH2S0Z.

STORAGE
At a-temperature of 2 -c to 8 -c.
IMPURITIES
Specified impurities A, B, C, D, E.

A. 10,17-dihydroxy-7cx:-methyl-19-nor-lO~,17e-pregn-d-en
20-yn-3-one,

B. 10-hydroperoxy-17-hydroxy-7cx:-methyl-19-nor-l0~,17cx:

pregn-4-en-20-yn-3-one,

~
CH3 ~_~=CH

H H --

H H
o .# ····CH

H 3

C. 17-hydroxy-7cx:-methyl-19-nor-lO~,17cx:-pregn-4-en-20-yn
3-one,

D. 17-hydroxy-7l)-methyl-19-nor-17cx:-pregn-5(10)-en-20-yn
3-one,

B. 3,3-d.imethoxy-7cx:-methyl-19-nor-17cx:-pregn-5(1O)-en-20
yn-17-ol.

___----------------- PhEur
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2020 Ticarcillin Sodium 11-1139

PhEur _

(ph. Hur. monograph 0956)

o~ 70

70

Mobile phase B
(per cent VIJi')

100 ~ 30

30

Mobile phase A
(per cent VIV)

Time
(min)

0-30

30 - 40

Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 220 nm.

Injection 20 J.LL.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the 2 principal peaks

(diastereoisomers) .

Limits:
- impurity A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (4 per cent);

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. Place about 2 mg in a test-tube about 15 em 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 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 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 Ys (2.2.2, MethodII).

pH (2.2.3)
5.5 to 7.5 for solution S.

Specific optical rotation (2.2.7)
+ 172 to + 187 (anhydrous substance).

Dissolve 0.250 g in waterR 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 (aJ Dissolve 20;0 mg of ticarcillin
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 1 mL of the test solution to
50 mL with mobile phase A.

Column:
- size: l= 0.25 m, 0 =4 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn),

Mobile phase:
- mobile phaseA: 1.3 gIL solution of ammonium phosphate R

adjusted to pH 7.0 with phosphoric acidR;
- mobile phaseB: methanolR, mobile phase A (50:50 VIp);

4697-14-7

and epimer at C*

428.4

Action and use
Penicillin antibacterial.

Preparation
Ticarcillin and Clavulanic Acid Infusion

Ticarcmin Sodium

DEFINITION
Disodium (2S,5R,6R)-6-[[(2RS)-2-carboxylato-2-(thiophen
3-yl) acetyl]amino]-3,3-dimethyl-7-oxo-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylate.

Semi-synthetic product derived from a fermentation product.

Content
89.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightly yellow, hygroscopic powder.

Solubility
Freely soluble in water, soluble in methanol.

IDENTIFICATION
First identification: A, D, E.

Secondidentification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 50 mg of the substance to be examined
in 1 mL of waterR, add 0.1 mL of hydrochloric acidR1, swirl
and allow to stand in iced water for 10 min. Filter the
precipitate and rinse with 2 mL of waterR. Dissolve in a
mixture of 1 volume of water R and 9 volumes of acetone R.
Evaporate the solvent almost to dryness, then dry in an oven
at 60°C for 30 min.

Comparison Repeat the operations using ticarcillin
monosodium CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in methanol R and dilute to 5 mL with the same
solvent.

Reference solution (aJ Dissolve 25 mg of ricarcillin
monosodium CRS in methanolR and dilute to 5 mL with the
same solvent.

Reference solution (b) Dissolve 25 mg of carbenicillin
sodium CRS and 25 mg of ticarcillin monosodium CRS in
methanolR and dilute to 5 mL with the same solvent.

Plate TLC silanised silica gelplateR.
Mobile phase Mix 10 volumes of acetone Rand 90 volumes
of a 154 gIL solution of ammonium acetate R, adjusted to
pH 5.0 with glacial acetic acid R.
Application 1 IlL.
Development Over a path of 12 em.

Drying In a current of hot air.

Detection Expose to iodine vapour.
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53885-35-1

HCI

300.2

~CD.
CI

(ph. Bur. monograph 1050)

PhEur ~ _

D. (4S)-2-[carboxy [[2-carboxy-2-(thiophen-3-yl)acetyl]
amino ]methyl] -S,S-dimethylthiazolidine-4-carboxylic acid
(penicilloic acids of ticarcillin),

E. (4S)-2-[[[2-carboxy-2-(thiophen-3-yl)acetyl]
amino ]methyl] -S,S-dimethylthiazolidine-4-carboxylic acid
(penilloic acids of ticarcillin).

A. (2S,SR,6R)-3,3-dimethyl-7-ox0-6-[[(thiophen-3-yl)acetyl]
amino]-4~thia-l-azabicyc1o[3.2.01heptane-2-carboxylic

acid (decarboxyticarcillin),

C. 2-(thiophen-3-yl)propanedioic acid (3-thienylmalonic
acid),

B. (thiophen-3-yl)acetic acid,

Action and use
Inhibition of adenosine diphosphate (ADP)-mediated platelet
aggregation; antiplatelet drug.

Ticlopidine Hydrochloride

____________________ PhEur

- any otherimpurir:y: for each impurity, not more than
1.2S times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(2.5 per cent).

N,N-Dimethylaniline (2.4.26, MethodB)
Maximum 20 ppm.

2-Ethylhexanoic acid (2.4.28)
Maximum 0.5 per cent m/m.

Water (2.5.12)
Maximum 5.S per cent, determined on 0.IS0 g.

Bacterial endotoxins (2.6.14)
Less than O.OS 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).
Testsolution Dissolve SO.O mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase. Dilute 10.0 mL of this solution to
SO.O mL with the mobile phase.

Reference solution Dissolve SO.O mg of ticarcillin
monosodium CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 10.0 mL of this solution to
SO.O mL with the mobile phase.

Column:
- size: 1= 0.2S m,e> = 4 rom;
- staiionary. phase: octadecylsilyl silica gelfor chromatography R

(S JlID).

Mobz1e phase Mix 20 volumes of methanol R and 80 volumes
of a 1.3 gIL solution of ammonium phosphate R adjusted to
pH 7.0 with phosphoric acidR.
Flow rate 1 mLlmin.

Detection Spectrophotometer at 220 nm.
Injection 20!JL.

System suitabilir:y Reference solution:
- resolution: minimum 2.5 between the 2 principal peaks;
- repeatability: maximum relative standard deviation of

1.0 per cent for the 2 peaks due to ticarcillin after
6 injections.

Calculate the percentage content of ticarcillin sodium as the
sum of the areas of the 2 peaks, multiplying the content of
ticarci1lin monosodium by 1.0S4.

STORAGE
In an airtight container, at a temperature of 2 OCto 8°C.
II the substance is sterile, store in a sterile, airtight, tamper
proof container.

IMPURITIES
Specified impurities A.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in themonograph. They arelimited by thegeneral 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 for pharmaceutical use) B, C, D, B.

DEFINITION
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).
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Flow rate 1.3 mUmin.
Detection Spectrophotometer at 220 nm.
Injection 10 pl.; inject the solvent mixture as a blank.

Identification ofimpurities Use the chromatogram obtained
with the reference solution to identify the peak due to
impurity F.
Retention time Ticlopidine = about 15 min.

System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

ticlopidine and impurity F; if necessary, adjust the pH of
mobile phase A;

- signal-to-noise ratio: minimum 50 for the peak due to
ticlopidine.

Limits:
- impurity 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 than the
area of the peak due to ticlopidine in the chromatogram
obtained with. the reference solution (0.10 per cent);

- total: not more than the area of the peak due to
ticlopidine in the chromatogram obtained with the
reference solution (0.10 per cent);

- disregard limit: 0.5 times the area of the peak due to
ticlopidine in the chromatogram obtained with the
reference solution (0.05 per cent). Do not disregard the
peak due to impurity F.

Formaldehyde
Maximum 20 ppm.

Dissolve 0.200 gin 4.0 rnL of waterR. Add 0.4 mL of dilute
sodiumhydroxide solution R. Centrifuge, filter the supernatant
through cotton previously impregnated with waterR and
dilute to 5.0 m.L with water R. Transfer to a test-tube.
Add 5.0 mL of acetylacetone reagent R1. Place the test-tube in
a water-bath at 40°C for 40 min. The test solution is not
more intensely coloured than a standard prepared at the
same time and in the same manner using 5.0 mL of a
0.8 ppm solution of formaldehyde (CH20 ), obtained by
dilution oiformaldehyde standardsolution (5 ppm CH20) R
with water R. 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 rnL of anhydrous acetic acidR.
Add 35 mL of aceticanhydrideR. 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 30.02 mg
of Cl.JI15ClzNS.

IMPURITIES
Specified impurities F.
Otherdetectable impurities (the following substances would) if
present at a sufficientleuel, be detected by one or other of the tests
in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impurities and/orby thegeneral
monograph Substancesfor pharmaceutical use (2034). It is

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water and in anhydrous ethanol, very
slightly soluble in ethyl acetate.

IDENTIFICATION
First identification: B} D.

Secondidentification: A} C) D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution (a) 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 waterR.

Spectral range 250-350 nm for test solution (a); 200-350 nm
for test solution (b).

Absorption!!utximq.,'At 268 DIn and 275 nm for test
solution (a); at 214"inn and 232 nm for test solution (b).

Absorption ratio A26S/A275 =1.1 to 1.2.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison ticlopidine hydrochloride CRS.

C. Mix about 6 mg of ciaicacid monohydrate 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 V/V solution of hydrochloric
acidR and dilute to 20 rnL with the same solution.

pH (2.2.3)
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).

Solvent mixture Mobile phase B, mobile phase A
(20:80 VIV)o

Test solution Dissolve 0.250 g of the substance to be
examined in the solvent mixture and dilute to 50.0 rnL with
the solvent mixture.

Reference solution Dissolve 5.0 mg of ticlopidine
impurityF CRS in the solvent mixture. Add 1.00 rnL of the
test solution and dilute to 100.0 rnL with the solvent
mixture. Dilute 1.0 rnL of this solution to 10.0 mL with the
solvent mixture.

Column:
- size: l = 0.15 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 40°C.

Mobz1e phase:
- mobile phaseA: 0.95 gIL solution of sodium pentanesulfonate

monohydrate R, adjusted to pH 3.4 with a 50 per cent V/V
solution of phosphoric acid R;

- mobile phaseB: methanol R1;

Tune
(min)

0-45

45- 50

Mobile phase A
(per cent V/JI)

80 ....... 20

20

Mobile phase B
(per cent ~~~)

20 .... 80

80
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11-1142 Tigecycline

therefore not necessary to z'dentify these impurities for
demonstration of compliance. See also 5.10. Control of impuriiies
in substances for pharmaceutical use) A, B, C, D~ E, G, H,·1,
J, K, L.

~s,

NJ-/
A. thieno[3,2-c]pyridine,

HQ)
o

B. 6,7-dihydrothieno [3,2-c]pyridin-4(5H)-one,

~NH2
Cl

C. (2-chlorophenyl)methanamine,

2020

sr-cr-,
~~~JJ))

CI CI

K. 2,8-bis(2-chlorobenzyl)-1,2,3,4,6,7,8, 9-oetahydrothieno
[3,2-c:4,5-c1dipyridine (bis-tic1opidine),

~Q:J
CI 0

L. 5-(2-chlorobenzyl)-6,7-dihydrothieno [3,2-c] pyridin-4(5H)
one.

____________________ PhEur

Tigecycline
(Ph. Bur. monograph 2825)

D. 5-benzyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine,

r- ~s\
~NVv

Cl 585.7 220620-09-7

E. 5-(2-chlorobenzyl)thieno[3,2-c]pyridinium,

~ .(y\
~N0sl

Cl

F. 6-(2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[2,3-c]pyridine,

G. 5-(3-chlorobenzyl)-4,5,6,7-tetrahydrothieno [3,2-c] pyridine,

CI~ rY.S
-,

~N~

H. 5-(4-chlorobenzyl)-4,5,6,7-tetrahydrothieno [3,2-c]pyridine,

1. N-(2-chlorobenzyl)-2-(thiophen-2-yl)ethanamine,

CI

("I. r~~
~NH ·U

CI

J. N,N'-bis(2-chlorobenzyl)ethane-l,2-ciiamine,

Action and use
Antibacterial.

Preparation
Tigecycline for Infusion

PhEur _

DEFINITION
(4S,4aS,5aR,12aS)-9-[2-(tert-Butylamine)acetamido]-4,7-bis
(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11-dioxo
1,4,4a,5,5a,6,11,12a-oetahydrotetracene-2-carboxamide.

Semi-synthetic produetderived from a fermentation product.

Content
97.0 per cent to 102.0 per cent (anhydrous substance) ..

CHARACTERS
Appearance
Orange, hygroscopic, crystalline powder.

Solubility
Freely soluble in water, slightly soluble in anhydrous ethanol
and in heptane.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tigecycline 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
pH (2.23)
7.7 to 8.2.
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Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 248 DIn.

Injection 25 J.LL of test solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with tigecycline for system suitabilityCRS and the

Dissolve 0.500 g in carbon dioxide-free water R and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light. Store the solutions at 2-8 °C and use themwithin
12 h.

Solution A Solution containing 4.35 WL of dipotassium
hydrogen phosphate R and 0.5 WL of sodium hydrogensulfite R
adjusted to pH 8.0 with a 56.1 WL 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 with solution A.

Reference solution (a) Dissolve 50.0 mg of tigecycline CRS in
solution A and dilute to 100.0 mL with solution A. Dilute
10.0 mL of this solution to 50.0 m.Lwith 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 solutiontc) Dissolve 2 mg of tigecycline
impurity B CRS and 2 mg of minocycline hydrochloride R
(impurity C) in solution A and dilute to 25 m.Lwith
solution A. Dilute 3 m.L of the solution to 20 mL with
solution A. Dissolve 2.5mg of tigecycline for system
suitability CRS (containing impurity A) in 1 mL of this
solution and dilute to 5 mL with solution A.

Reference solution (d) Dissolve 2.5 mg of tigecycline for system
suitability CRS (containing impurity A) in solution A and
dilute to 5 mL with solution A.
Column:
- size: l =0.15 m, (2) =4.6 mm;
- stationary phase: end-capped oaadecylsilyl silica gelfor

chromatography R (3 um);
- temperature: 30°C.

Mobile phase:
- mobile phaseA: dissolve 4.35 g of dipotassium hydrogen

phosphate R and 0.93 g of sodium edetate R in 940 mL of
waterfor chromatography R, and adjust to pH 6.4 with
phosphoric acidR; make up to 950 mL with water for
chromatography R and dilute to 1000 m.L with acetonitrile
for chromatography R;

- mobile phaseB: 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
phosphoric acidR; make up to 500 m.L with water for
chromatography R and dilute to 1000 mL with acetonitrile
for chromatography R;

Time
(min)

0-2

2 - 42

42 - 57

57 - 60

MobBe phase A
(per cent VIJI)

85

85 - 57
57 .... 0

a

Mobile phase B
(per cent VIJI)

15

15 .... 43

43 -+ 100

100

chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, Band C,

Relative retention With reference to tigecycline (retention
time =about 20 min): impurity B =about 0,6;
impurity A =about 0.7; impurity C =about 1.6.

System suitability Reference solution (c):
- resolution: minimum 1,6 between the peaks due to

impurities Band A.

Calculation of percentage contents:
- for each impurity, use the concentration of tigecycline in

reference solution (b),

Limits:
- impurity 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.

Inject 1.0 mL of a 50 mg/mL solution of the substance to be
examined in dimethyl sulfoxide R2.

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 octadecylsilyl silica gelfor

chromatography R (5 Jl111).

Mobile phase Mix 14 volumes of acetonitrile for
chromatography R and 86 volumes of a solution containing
4.35 gIL of dipotassium hydrogen phosphate Rand 0.93 gIL of
sodium edetate R previously adjusted to pH 6.2 with phosphoric
acidR.
Injection 20 ul, of test solution (b) and reference
solutions (a) and (d).

Run time 4.5 times the retention time of tigecycline.

Relative retention 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 C29H3gN'sOs using the
chromatogram obtained with reference solution (a) and
taking into account the assigned content of tigecycline 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-proof.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES
Specified impurities A, B, C.
Other detectable impurities (thefollowing substances would, if .
present at a sufficient level, be detected by oneor other of the tests
in themonograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
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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.

Tilidine Hydrochloride
Hemihydrate
(Ph. Bur. monograph 1767)

A. (4R,4aS,5aR,12a5)-9-[2-(tert-butylamino)acetamido]-4,7
bis(dimethylamino)-3,10,12,12a-tetrahydroxy-l, ll-dioxo
1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide,

318.9

Action and use
Opioid Analgesic.

255733-17-6

B. (4S,4aS,5aR,12a5)-9-amino-4,7-bis(dimethylamino)-
3,10, 12, l Za-retrahydroxy-I,11-dioxo-l,4,4a,5,5a,6,11,12a
oetahydrotetracene-2-carboxamide (9-aminominocycline),

C. (4S,4aS,5aR,12a5)-4,7-bis(dimethylamino)-3,10,12,12a
tetrahydroxy-l,11-dioxo-l,4,4a,S,Sa,6,11,12a
oetahydrotetracene-2-carboxamide (minocycline),

D. (7S,8R)-3-[2-(tert-butylamino)acetamido]-7-[[4
carbamoyl-2-(dimethylamino)-3,S,6-trihydroxyphenyl]
methyl]-6-carboxy-5,8-dihydroxy-N,N-dimethyl-4-oxo
7,8-dihydronaphthalen-l (4l:l)-iminium.

____________________ PhEur

PhEur _

DEFINITION
Ethyl (1RS,2SR)-2-(dimethylamino)-I-phenylcyc1ohex-3
enecarboxylate hydrochloride hemihydrate.

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

A suitable antioxidant may be added.

CHARACTERS
Appearance
White or almost white, crystalline 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 Ph. Bur. reference spectrum of tilidine hydrochloride
hemihydrate.

B. 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. co

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method II).

Acidity or alkalinity
To 20 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 rnLof
0.01 M hydrochloric acid. The pH is not more than 4.3.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve SO.O mg of the substance to be
examined in waterR and dilute to SO.O mL with the same
solvent.

Reference solution (a) Dilute O.S mL of the test solution to
100.0 mL with water R.

Reference solution (b) Dilute 2.0 mL of reference solution (a)
to 10.0 mL with water R.

Precolumn:
- size: I =4 mm, 0 =4.0 mm;
- stationary phase: spherical octadecylsilyl silica gelfor

chromatography R (S 1JlIl).

Column:
- size: 1= 0.12S ID, 0 =4.0 mID;
- stationary phase: spherical octadecylsilyl silica gelfor

chromatography R (S urn).
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____________________ PhEur

26921-17-5432.5

(ph. Bur. monograph 0572)

H3C'NH

GO andenantlomer

O~O"""""""'CH3

Action and use
Beta-adrenoceptor antagonist.

For Timolol Eye Drops only: treatment of glaucoma.

Preparations
Dorzolamide and Timolol Eye Drops

Timolol Eye Drops

Timolol Tablets

D. ethyl (2RS)-3-{dimethylamino)-2-phenylpropanoate.

C. ethyl (IRS,2SR)-2-(methylamino)-l-phenylcyclohex-3
enecarboxylate,

Timolol Maleate

B. methyl (IRS,2SR)-2-(dimethylamino)-l-phenylcyclohex-3
enecarboxylate,

Mobile phase Mix equal volumes of acetonitrile R and a
0.98 gIL solution of ammoniumcarbonate R.
Flow rate 0.8 mlJmin.

Detection Spectrophotometer at 220 nm.

Injection 10 JlL.
Run time Twice the retention time of tilidine.

Relativeretention With reference to tilidine (retention
time =about 11 min): impurity C =about 0.5;
impurity B = about 0.7; impurity A = about 1.5.

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

area of the principal peak in the chromatogram obtained
with reference solution (a) (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 the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.5 per cent);;:.,:'_

- disregard limit: 05 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent)._-_·

Water (2.5.12)
2.5 per cent to 3.1 per cent, determined on 0.300 g.

Bacterial endotoxins (2.6.14)
Less than 0.25 ill/mg, if intented for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Dissolve 0.250 g in a mixture of 10 rnL of anhydrous acetic
acidR and 50 rnL 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 perchloric add is equivalent to 30.99 mg
of C17Hz4ClNOZ'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limitedby thegeneral 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 for pharmaceutical use) D.

A. ethyl (lRS,2RS)-2-(dimethylamino)-1-phenylcyclohex-3
enecarboxylate,

PhEur _

DEFINITION
(2S)-1-[ (I,1-Dimethylethyl)amino]-3- [[4-(morpholin-4-yl)
1,2,5-thiadiazol-3-yl]oxy]propan-z-ol (Z)-butenedioate.

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

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Soluble in water and in ethanol (96 per cent).

mp
About 199°C, with decomposition.
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IDENTIFICATION
F£rst identification: A~ B.
Secondidentification: A~ C~ D.
A. Specific optical rotation (2.2.7): -6.2 to -5.7.

Dissolve 1.000 gin 1 M hydrochloric acidand 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).

Testsolution Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 5 mL with the same solvent.

Reference solution Dissolve 5 mg oftimolol maleate CRS in
methanol R and dilute to 5 mL with the same solvent.

Plate TLC silica gel GF254 plate R.

Mobz1e phase concentrated ammonia R, methanol R, methylene
chloride R (1:20:80 VIVIV).

Application 10 J.LL.
Development Over 2/3.ofthe plate.

Drying In air.

Detection Expose to iodine vapour for 2 h.

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. Triturate 0.1 g with a mixture of 1 mL of dilute sodium
hydroxide solution Rand 3 mL of waterR. Shake with
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 add R. Heat on a water-bath for 15 min;
no violet-red colour develops. Neutralise the remainder of the
aqueous layer with dilute sulfun'c acidR and add 1 mL of
bromine waterR. Heat on a water-bath for 15 min, then heat
to boiling and cool. To 0.2 mL of this solution add a
solution containing 10 mg of resorcinol R in 3 mL of sulfuric
acidR. Heat on a water-bath for 15 min; a violet-red colour
develops. Add 0.2 mL of a 100 gIL solution ofpotassium
bromide R and heat for 5 min on a water-bath; the colour
becomes violet-blue.

TESTS
Solution S
Dissolve 0.5 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 s, (2.2.2~ MethodII).

pH (2.2.3)
3.8 to 4.3 for solution S.

Enantiomeric purity
Liquid chromatography (2.2.29). Carry out the testprotected
from actinic light.

Soloentmixture 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 solvent mixture.

Reference solution (a) Dissolve 30 mg of timolol maleate CRS
in the solvent mixture and dilute to 10 mL with the solvent
mixture.

Reference solution (b) Dissolve 3 mg of (R)-timololCRS
(impurity A) in the solvent mixture ami dilute to 10.0 mL

2020

with the solvent mDtture. Dilute 1.0 mL of the solution to
10.0 mL with the solvent mixture.

Reference solution (c) Dilute 1 mL of reference solution (a)
to 100 mL with the solvent mixture. Mix 1 mL of this
solution with 1 mL of reference solution (b).

Reference solution (d) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture.

Column:
- size: l = 0.25 m, 0 = 4.6 mm;
- stationary phase: cellulose derivative of silica gelfor chiral

separation R (5 um).

Mobilephase diethylamine R, 2-propanol R, hexane R
(2:40:960 VIVIV).

Flow rate 1 mLlmin.

Detection Spectrophotometer at 297 om.

Injection 5 J.LL.
Elution order Impurity A is eluted first.

System suitabz1ity:
- 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 peaks due to the
(S)-enantiomer in the chromatograms obtained with the
test solution and reference solution (a) are identical.

Limit:
- impurityA: not more than the area of the principal peak

in the chromatogram obtained with reference solution (d)
(1.0 per cent).

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
impurityF CRS in methanol Rand 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 timalol for system suitability CRS (containing impurities B,
C and D) in 1.0 mL of solution A.
Reference solution (c) Dissolve 2 mg of the substance to be
examined and 20 mg of maleic acidR in 10 mL of
acetonitrile R. Evaporate 1 mL of the solution to dryness
under a stream of nitrogen R in an amber glass vial. Heat the
open vial at 105°C 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 mID;
- stationary phase: octadecylsilyl s~1ica gelfor chromatography R

(5 um),

NIabile phase:
- mobile phaseA: mixture of equal volumes of methanol R

and a 4.32 gIL solution of sodium octanesulfonate R
previously adjusted to pH 3.0 with glacial acetic add R;

- mobile phaseB: methanol R;

Time Mobile phase A Mobile phase B
(min) (per cent VIJ') (per cent VIJI)

0-10 97.5 2.5

10 - 11 97.5 - 70 2.5 - 30
11 - 20 70 30
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F. 4-(4-chloro-1,2,5-thiadiazol-3-yl)morpholine,

D. 4-(morpholin-4-yl)-1,2,5-thiadiazol-3-01,

andenantiomer

andenantiomer

OH

S-N ~I H
N~ Jl .. N CHr '0 X a

(N HsC CHs

0)
B. (2RS)-3-[(1,I-dimethylethyl)amino]-2-[[4-(morpholin-4

yl)-1,2,5-thiadiazol-3-yl]oxyjpropan-l-ol,

r-\ N .... So N-{ I

\-.J yN
0. H H

S/NyO~NXCH3
'N=' HsC CHs

N1~O
C. (2RS)-N-(I, 1-dimethylethyl)-2,3-bis[[4-(morpholin-4-yl)

1,2,5-thiadiazol-3-yl]oxy]propan-l-amine,

E. (2Z)-4-[(lS)-I-[[(l,I-dimethylethyl)amino]methyl]-2-[[4
(morpholin-4-yl)-1 ,2,5-thiadiazol-3-yl]oxy]ethoxy]-4
oxobut-2-enoic acid,

A. (2R)-1-[(I,I-dimethylethyl)amino]-3-[[4-(morpholin-4-yl)
1,2,5-thiadiazol-3-yl]oxy]propan-z-ol «R)-timol01),

Flow rate 1.2 mIJmin.

Detection Spectrophotometer at 295 nm..
Injection 20 J-LL.
Identification of impurities Use the chromatogram supplied
with timolol for system suitabzlity 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.
Relativeretention 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 suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities Band F.
Limits:
- correction factor: ,fQ~, the calculation of content, multiply the

peak area ofimpUrlty 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);

- 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 (2.2.32)
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 gin 60 mL of anhydrous acetic 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 43.25 mg
of C17H2SN407S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limitedby thegeneral acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identzJy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) G, H, I, J.

G. 4-(morpholin-4-yl)-1,2,5-thiadiazol-3(2H)-one l-oxide,
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PhEw _

_________________-'-__ PhEur

C. Infrared absorption spectrophotometry (2.2.24).

Comparison tinidazole CRS.
D. Thin-layer chromatography (2.2.27).

Testsolution .Dissolve 20 mg of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Reference solution Dissolve 20 mg of tinidazole CRS in
methanol R and dilute to 10 mL with the same solvent.

Plate TLC silica gel GF254 plateR.
Pretreatment Heat at 110 DC for 1 h and allow to cool.

Mobzle phase butanolR, ethyl acetate R (25:75 VIV).

Application 10 JlL.

Development 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 position and size to the
principal spot. in the chromatogram obtained with the
reference solution.

E. To about 10 mg add about 10 mg of zinc powder R,
0.3 mL of hydrochloric acidR and 1 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).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution v, (2.2.2, Method II).
Dissolve 1.0 g in acetone R and dilute to 20 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Protect solutions from light.
Testsolution 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 solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. DiluteLfl mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of tinidazole
impurity A CRS and 5.0 mg of tinidazole impurity B CRS in
10.0 mL of methanol R and dilute 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 (c) Dilute 1.0 mL of reference solution (b)
to 50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 3.0 mm;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 JlID).

Regular column conditioning by subsequent flushing with
50 mL of 'Water R, 100 mL of methanol R, 25 mL of waterR
and 100 mL of the mobile phase is recommended.

Mobile phase acetonitrile R, methanol R, waterR
(10:20:70 VIVIV).

Flow rate 0.5 mUmin.

Detection Spectrophotometer at 320 nm.

Injection 20 JlL.

Run time 1.5 times the retention time of tinidazole.

Relative retention With reference to tinidazole (retention
time =about 6 min): impurity A =about 0.6;
impurity B = about 0.7.

19387..,91-8247.3

DEFINITION
1-[2-(Ethylsulfonyl)ethyl]-2-methyl-5-nitro-1H-imidazole.

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

CHARACTERS
Appearance
Almost white or pale yellow, crystalline powder.

Solubility
Practically insoluble in water, soluble in acetone and in
methylene chloride, sparingly soluble in methanol.

IDENTIFICATION
First identification: A, C.
Secondidentification: A, B, D, E.
A~ Melting point (2.2.14): 125 DC to 128 DC.

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 with methanol R.
Spectral range 220-350 nm.

Absorption maximum At 310 nm.

Specific absorbance at the absorption maximum 340 to 360.

Action and use
Antiprotozoal; antibacterial.

N-S
I'N-< I H pH H

O\..-.! /(N~NXCH3 andenantiomer

o HaC CHa

(ph. Eur. monograph 1051)

H.2-[(2RS)-3-[(1,1-dimethylethyl)amino]-2-hydroxypropyl]
4-(morpholin-4-yl)-1,2,5-thiadiazol-3(2H)-one,

H OH ~ .
,... H

S\/NN}NO~N ""CH,

""" I andenantiomer

~O

Tinidazole

I. (2RS)-1-(ethylamino )-3- [[4-(morpholin-4-yl)-1,2,5
thiadiazol-3-yl]oxy[propan-z-ol,

OH OH

H3CX~~°ft(°~~XCH3
HaC CHa . N N HaC CHa....S/

J. 1,1'-[1,2,5-thiadiazol-3,4-diylbis(oxy)]bis[3-[(1,1
dimethylethyl)amino[propan-z-ol] .
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PhEtr _

0 ....
S03 Na

n = 1 to 25 • R = H or S03Na • R' = H or S03Na or CO-CH3
R2 =Hand R3 =C02Na or R2 =C02Na and R3 =H

(Ph. EUT. monograph 1271)

Action and use
Low molecular weight heparin.

Preparation
Tmzaparin Sodium Injection

TInzaparin Sodium

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 heparinum.
The majority of the components have a 2-o-sulfo-4
enepyranosuronic acid structure at the non-reducing end and
a 2-~6-o-disulfo-D-g1ucosamine structure at the reducing
end of their chain.

Tinzaparin sodium complies with the monograph on Low
molecular-mass heparins (0828) with the modificationsand
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 than 70 IU and IlQJ more than
120 ill of anti-factor Xa activity per milligram calculated
with reference to the dried substance. The ratio of the anti
factor Xa activity to anti-factor ITa activity is between 1.5 and
2.5.

IDENTIFICATION
Carry out identification test A as described in the monograph
Low-molecular-mass heparins (0828) using tinzaparin
sodium CRS.

Carry out identification test C as described in the monograph
Low-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 than 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.

TESTS
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 range of reference solutions of the most appropriate
colour (2.22, Method II)

A. 2-methyl-5-nitro-1H-imidazole,

B. 1-[2-(ethylsulfonyl)ethyl]-2-methyl-4-nitro-1H-imidazole.
____________________ PhEur

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities A and B.
Limits:
-impurities A, B: for each impurity, not more 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 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).

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.PIJ
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 gin 2'5-mL of anhydrous acetic 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 24.73 mg of
CSH13N304S,

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.
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PhEur _

Mobz1e phase Mix 1 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 mllrnin.
Detection Spectrophotometer at 218 nm.
Injection 20 ilL.
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
corresponding correction factor: impurity B =1.7;
impurity C = 1.7.

- impurities A, 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)
(0.3 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: 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).

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 0.300 gin 50 mL of anhydrous acetic acidR. 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 38.77 mg
of C16H13CI3NzOS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in themonograph. 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 also 5.10. Control of impurities
in substances for pharmaceutical use) D.

65899-73-2

and enantiomer

387.7

Action and use
Antifungal,

Preparations
Tioconazole Cream

Tioconazole Nail Solution

Tioconazole

Absorbance (2.2.25)
Dissolve 50.0 mg in 100 mL of 0.01 M hydrochloric acid.
The specific absorbance, measured at 231 nm and calculated
with reference to the dried substance, is 8.0 to 12.5.

(Ph. Bur. monograph 2074)

DEFINITION
1-[(2RS)-2-[(2-Chlorothiophen-3-yl)methoxy]-2-(2,4
dichlorophenyl)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 slightly soluble in water, very soluble in methylene
chloride, freely soluble in alcohol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum 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,

- stationary phase: end-capped oetadecylsilyl silica gelfor
chromatography R (5 IJIll) with a specific surface area of
170 mZ/g, a pore size of 12 nm and a carbon loading of
10 per cent.
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DEFINITION
Tioguanine is 2-aminopurine-6(1.H)-thione. It contains not
less than 96.0% and not more than 102.0% of CsHsNsS,
calculated with reference to the dried substance.

C~CTEEUSTICS

A pale yellow, crystalline powder.

Practically insoluble in waterand in ethanol (96%).
It dissolves in dilute solutions of alkali hydroxides.

IDENTIFICATION
Heat a suitable quantity at 105° 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 sulfuric acid and heat on a water
bath for 5 minutes. Add, dropwise, 5 mL of nitric acidand
continue heating until a clear solution is obtained. Cool and
add 10 mL of waterand 0.75 mL of a solution prepared by
dissolving 8.3 g of ammonium molybdate in 40 mL of water
and adding 33 mL of 5M sulfuric acid and sufficient waterto
produce 100 mL. Add 1.0 mL of strong
aminohydroxynaphthalenesulfonic acidsolution, mix and dilute
to 25 mL with water. Measure the absorbance of the resulting
solution at 820 nm, Appendix II B, using in the reference
cell a solution prepared in the same manner but omitting the
substance being examined. The absorbance is not more than
that obtained by treating 1.5 mL of phosphate standard
solution (100 ppm PO-J in the same manner, beginning at the
words 'add 10 mL of water...'.

Free sulfur
Dissolve 50 mg in 5 mL of 1Msodiumhydroxide.
The solution is clear, Appendix IV A.

Related substances
Carry out the method for liquidchromatography,
Appendix III D, using the following solutions.

(1) Dissolve 40 mg of the substance being examined in
100 mL of O.OIM sodium hydroxide and dilute 1 volume of
the resulting solution to 2 volumes with the mobile phase.

(2) Dilute 1 volume of solution (1) to 100 volumes with a
mixture of 1 volume of O.OIM sodium hydroxide and
9 volumes of the mobile phase. Further dilute 1 volume of
the resulting solution to 5 volumes with the same solvent
mixture.
(3) Dissolve 12 mg of guanine BPCRS in 100 mL of
0.01M sodium hydroxide and dilute 1 volume of the resulting
solution to 20 volumes with the mobile phase.

(4) Dissolve 40 mg each of tioguanine BPCRS and
guanine BPCRS in 100 mL of O.OIM sodium hydroxide and
dilute 1 volume of the resulting solution to 10 volumes with
the mobile phase.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (5 em x 4.6 mm) packed
with octadecylsilyl silica gelfor chromatography (5 J.U11) (Waters
Atlantis dC18 is suitable).

(b) Use isocratic elution 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 248 nm.

(f) Inject 10 J.tL of each solution.

154-42-7

andenantiomer

andenantiomer

andenantiomer

andenantiomer

167.2

CI

aa~
s~ox,.yJ N

CI . (~

Action and use
Purine analogue; cytostatic.

Preparation
Tioguanine Tablets

Tioguanine

C. 1-[(2RS)-2- [(5-bromo-2-chlorothiophen-3-yl)methoxy]-2
(2,4-dich1orophenyl)ethyl]-IH-imidazole,

D. (IRS)-I-(2,4-dich1orophenyl)-2-(IH-imidazol-l-yl)
ethanol. .

B. 1-[(2RS)-2-(2,4;-"clichlorophenyl)-2-[(2,5-dichlorothiophen
3-yl)methoxy]ethyl]-IH-imidazole,

A. 1-[(2RS)-2-(2,4-dichlorophenyl)-2-[(thiophen-3-yl)
methoxy]ethyl]-IH-imidazole,
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Action and use
Anticholinergic (antimuscarinic) bronchodilator.

Tiotropium Bromide Monohydrate

DEFINITION
(IR,2R,4S,5S,7s)-7-[[Hydroxy[di(thiophen-2-yl)]acetyl]oxy]
9,9-dimethyl-3-oxa-9-azatricyclo[3.3.1.02,'1nonan-9-ium

bromide monohydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white powder or crystals.

Solubility
Sparingly soluble in water, soluble in methanol, practically
insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tiotropium bromide monohydrate CRS.

B. It gives reaction (a) of bromides (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, Method II).

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 solutions
immediately before use.

Solvent mixture Dilute 1 volume of a 103 gIL solution of
hydrochloric acid R to 100 volumes with methanolR.

Test solution Dissolve 0.40 g of the substance to be
examined in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution (a) Dissolve the contents of a vial of
tiotropium impurity 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).

Mobilephase tuater R, anhydrous formic add R, acetonitrile R,
methylene chloride R (10:15:35:50 VIVIVIV).
Application 10 ilL of the test solution and reference
solution (a), and 20 ).LL of reference solution (b).

Development Over 2/3 of the plate.

Drying In air.

Detection Expose to iodine vapour until the spots are clearly
visible (about 15 min); remove the plate and examine
immediately.

MOBILE PHASE

0.05M anhydrous sodium dihydrogen orthophosphate adjusted to
pH 3.0 with orthophosphoric acid.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (4), the resolution factorbetween the peaks due
to tioguanine and guanine is at least 3.0.

LIMITS

In the chromatogram obtained with solution (1):

the area of any peak corresponding 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 peak is not greater than the
area of the principal peak in the chromatogram obtained with
solution (2) (0.2%);

the sum of the areas of any other secondary peaks is not
greater than 2.5 times the area of the principal peak in the
chromatogram obtained with solution (2) (0.5%).

Disregard any peak with an area less than 0.25 times the area
of the principal peak in the chromatogram obtained with
solution (2) (0.05%).

Loss on drying
When dried at 105° at a pressure not exceeding 0.7 kPa for
5 hours, loses not more than 1.0% of its weight. Use 1 g.

ASSAY
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions.

(1) Dissolve 40 mg of the substance being examined in
100 mL of O.OIM sodiumhydroxide and dilute 1 volume of
the resulting solution to 10 volumes with the mobile phase.

(2) Dissolve 40 mg of tioguanine BPCRS in 100 mL of
O.OIM sodium hydroxide and dilute 1 volume of this solution
to 10 volumes with the mobile phase.

(3) Dissolve 40 mg each of tioguanine BPCRS and
guanineBPCRS in 100 mL of O.OIM sodium hydroxide and
dilute 1 volume of the resulting solution to 10 volumes with
the mobile phase.

CHROMATOGRAPHIC CONDITIONS

The chromatographic conditions described under Related
substances may be used.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram.obtained
with solution (3), the resolution factorbetween the peaks due
to tioguanine and guanine is at least 3.0.

DETERMINATION OF CONTENT

Calculate the content of CsHsNsS in the substance being
examined from the chromatograms obtained and using the
declared content of CsHsNsS in tioguanine BPCRS.
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Retardation factors Impurity G = about 0.33;
impurity H =about 0.38; tiotropium =about 0.64.

System suitability Reference solution (b):
- the chromatogram shows 3 clearly separated spots.

Limits:
- impurity G: any spot due to impurity G is not more

intense than the corresponding spot in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- impurityH: any spot due to impurity H is not more
intense than the corresponding spot in the chromatogram
obtained with reference solution (a) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29). Prepare the solutions protected
from light.

Test solution Dissolve 50.0 mg ofthe substance to be
examined in mobile phase B and dilute to 25.0 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 ..mI:. with mobile phase B.
Reference solution ;(bj Dissolve 4 mg of tiotropium for system
suitabz1ity 1 CRS.{containing impurity C) in 2.0 mL of
mobile phase B.
Column:
- size: 1= 0.15 m, 0 = 3.0 mm;
- stationary phase: propylsz1yl silica gelfor chromatography R

(3.5 J.U11);
- temperature: 50 "C.

Mobz1e phase:
- mobile phase A: dissolve 1.0 g of sodium methanesulfonate R

and 5.0 g of potassium. dihydrogen phosphate R in about
980 mL of waterR, adjust to pH 3.0 with dilute phosphoric
acid R and dilute to 1000 mL with waterR;

- mobile phaseB: methanol Rl, acetonitrile for
chromatography R, mobile phase A (10:40:50 V/V/V);

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 240 tun.

Injection 5 ilL.

Identification of impurities Use the chromatogram supplied
with tiotropium for system suitability 1 CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity e.
Relativeretention With reference to tiotropium (retention
time = about 15 min): impurity e = about 1.2.

System suitability Reference solution (b):
- resolution: minimum 2.4 between the peaks due to

tiotropium and impurity C.

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);

Time
(min)

0-3

3 -17

17 - 28

28 - 30

Mobile phase A
(per cent VIP)

90

90 ~ 80

80 ~ 25

25

Mobile phase B
(per cent VJlI)

10

10 -> 20

20 -> 75

75

- disregard limit: o.s times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
25 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
Dissolve 0.35 gin 100 mL of waterR. Add 10 mL of dilute
nitric acidR2. Titrate with 0.1 M sihser nitrate, determining
the end-point potentiometrically (2.2.20).
1 mL of 0.1 M silver nitrate is equivalent to 47.24 mg of
C19HzzBrN04SZ'

IMPURITIES
Specified impurities G~ H.
Otherdetectable impurities (thefollowing substances toould, if
present at a sufficient leoel, be detected by oneor other of the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified 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) A~ C~ E~ F.

A. hydroxy[di(thiophen-2-yl)]acetic acid,

o HJ-__~H+,CH,I
0·····\ N"'CH

OH .
H

C. (IR,3s,5S)-3-[[hydroxy[di(thiophen-2-yl)]acetyl]oxy]-8,8
dimethyl-Bcazabicyclo[3.2.1] oet-6-en-8-ium,

E. methyl hydroxy[di(thiophen-2-yl)]acetate,

~
s

~ 0

S ~

F. di(thiophen-2-yl)methanone,

G. (lR,2R,4S,5S,7s)-7-hydroxy-9,9-dimethyl-3-oxa-9
azatricyclo [3.3 .1.0 2

,~nonan-9-ium,
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H. (ls,3RS,4RS,5RS,7SR)-4-hydroxy-6,6-dimethyl-2-oxa-6
azatricyc10[3.3.1.03,7]nonan-6-ium.

CH3H--m: andena"~
H H OH

To 10 mL of the solution add 0.1 mL of bromothymol blue
solution Rl. Not more than 1.0 mL of O. 01 M hydrochloric
acid or O.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 waterR and filter until a clear solution is
obtained. Evaporate 100 mL of the solution to dryness in a
tared evaporating dish and ignite. The residue weighs a
maximum of 25 mg.

Antimony
Maximum 100 ppm.

To 10 mL of solution S2 add 10 mL of hydrochloric acidR
and 10 mL of water R. Cool to 20°C, if necessary, and add
0.15 mL of sodium nitrite solution R. After 5 min, add 5 mL
of a 10 gIL solution of hydroxylamine hydrochloride Rand
10 mL of a freshly prepared 0.1 gIL solution of
rhodamine B R. Mix. thoroughly after each addition. Shake
vigorously with 10.0 mL of toluene R for 1 min. Allow to
separate and centrifuge for 2 min if necessary. Any pink
colour in the toluene phase is not more intense than that in
the toluene phase of a standard prepared at the same time in
the same manner using a mixture of 5.0 mL of antimony
standardsolution (1 ppm Sb) R, 10 mL of hydrochloric acidR
and 15 mL of a solution containing 0.5 g of anhydrous sodium
sulfate R and 2 mL of sulfuric acidR instead of the mixture of
10 mL of solution S2, 10 mL of hydrochloric acidRand
10 mL of waterR.

Arsenic (2.4.2, MethodA)
Maximum 5 ppm.

Place 0.50 g in a 250 mL round-bottomed flask, fitted with a
thermometer, a funnel with stopcock and a vapour-outlet
tube connected to a flask containing 30 mL of waterR.
Add 50 mL of waterR, 0.5 g of hydrazine sulfate R, 0.5 g of
potassium bromide R and 20 g of sodium chloride R. Through
the funnel, add dropwise 25 mL of sulfuric acidR, heat and
maintain the temperature of the liquid at 110-115 °C for
20 min. Collect the vapour in the flask containing 30 mL of
waterR. Dilute to 50 mL with water R. 20 mL of the
solution complies with the test.

Barium
To 10 mL of solution S1 add 1 mL of dilute sulfuric acidR.
After 30 min, any opalescence in the solution is not more
intense than that in a mixture of 10 mL of solution S1 and
1 mL of distilled waterR.

Iron
Maximum 200 ppm.

To 8 mL of solution S2 add 4 mL of waterR. Mix and add
0.05 mL of bromine water R. Allow to stand for 5 min and
remove the excess of bromine with a current of air.
Add 3 mL of potassium thiocyanate solution R. Any 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 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) add 300 mL of a
20 gIL solution of mercuric nitrate Rand 2 mL of nitric
add R, shake for 10 min and wash with waterR. Pack the
amalgamated zinc into a glass tube about 400 rom long and
about 20 rom in diameter fitted with a tap and a filter plate.
Pass through the column 100 mL of dilute sulfuric acidR

13463-67-7

Titanium Dioxide

Action and use
Protective; excipient.

Preparation
Titanium Ointment

(Ph. Bur. monograph 0150)

'no, 79.9

DEFINITION
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 strongly heated, it becomes pale yellow; the colour
disappears on cooling.

B. To 5 mL of solution S2 (see Tests) add 0.1 mL of strong
hydrogen peroxide solution R. An orange-red colour appears.

C. To 5 mL of solution S2 add 0.5 g of zinc R in granules.
After 45 min, the mixture has a violet-blue colour.

TESTS
Solution SI
Shake 20.0 g with 30 mL of hydrochloric acidR for 1 min.
Add 100 mL of distilled waterR and heat the mixture to
boiling. Filter the hot mixture through a hardened filter
paper until a clear filtrate is obtained. Wash the filter with
60 mL of distilled waterR and dilute the combined filtrate
and washings to 200 mL with distilled waterR.

Solution S2
Mix 0.500 g (m g) with 5 g of anhydrous sodium sulfate 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 clear solution
is obtained. Cool, add slowly a cooled mixture of 30 mL of
waterRand 10 mL of sulfuric acid R, cool again and dilute to
100.0 mL with waterR.

Appearance of solution
Solution S2 is not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2, MethodII).

Acidity or alkalinity
Shake 5.0 g with 50 mL of carbon dioxide-free water R for
5 min. Centrifuge or filter until a clear solution is obtained.
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DEFINITION
5-Chloro-N-(4,5-dihydro-lH-imidazol-2-yl)-2, 1,3
benzothiadiazol-4-amine hydrochloride.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white, crystalline powder.

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

IDENTIFICATION
A. Infrared absorption spectrophoteenetry (2.2.24).

Comparison tizanidine hydJifJchloride CRS.

B. Solution S (see Tests) gives reaction (a) of chlorides
(2.3.1).

TESTS
Solution S
Dissolve 0.5 g in carbon diox:i.de-free waterR and dilute to
50 rnL with the same solvent.

pH (2.2.3)
3.7 to 5.0 for solution S.

ImpurityH
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.200 g of the substance to be
examined in methanol R and dilute to 5.0 mL with the same
solvent.

Reference solution Dissolve 8.0 mg of ethylenediamine R
(impurity H) in methanol R and dilute to 100.0 rnL with the
same solvent.

Plate TLC cellulose plate R.
Mobile phase glacial acetic acidR, waterR, methanol R
(1:25:75 V/V/V).

Application 5 J.LL.
Development 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
solution of ninhydrin R in glacial acetic acidRand 85 volumes
of butanol R, then heat at 100°C for 5 min.

Relative retention with reference to tizanidine
(Rp = about 0.8): impurity H = about 0.3.

Limit:
- impurity H: any spot due to impurity H is not more

intense than the corresponding spot in the chromatogram
obtained with the reference solution (0.2 per cent).

Action and use
Alphaz-adrenoceptor agonist; skeletal muscle relaxant.

Tizanidine Hydrochloridefollowed by 100 rnL of waterR, making sure that the
amalgam is always covered with liquid. Pass slowly at a rate
of about 3 mlJmin through the column a mixture of 100 mL
of dilute sulfuric acidR and 100 mL of waterR followed by
100 mL of waterR. Collect the eluate in a 500 mL conical
flask containing 50.0 mL ofa 150 gIL solution offerric
ammonium sulfate R in a mixture of 1 volume of sulfuric
acidRand 3 volumes of waterR. Add 0.1 mL offenvin R
and titrate immediately with 0.1 M ammoniumand cerium
nitrate until a greenish colour is obtained (n! mL). Pass
slowly at a rate of about 3 mUmin through the column a
mixture of 50 rnL of dilutesu!fUric acidR and 50 mL of
waterR, followed by 20.0 mL of solution S2, a mixture of
50 mL of dilute sulfuric acidR and 50 mL of waterR and
finally 100 mL of waterR. Collect the eluate in a500 mL
conical flask containing 50.0 mL of a 150 gIL solution of
ferric ammonium sulfate R in a mixture of 1 volume of sulfuric
acidR and 3 volumes of 'Water R. Rinse the lower end of the
column with waterR, add 0.1 mL of ferroin R and titrate
immediately with O;'fM ammonium and cerium nitrateuntil a
greenish colour is o~!ained (n2 mL).
Calculate the percentage content of TiOz using the following
expression: .

m mass of the substance to be examined used for the preparation
of solution S2, in grams.

FUNCTIONAUTY-REIATED CHARACTERISTICS
This section provides information on 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 the characteristics described in the Functionality
related characteristics section mtgf also bepresent in the mandatory
part of the monograph sincethey also represent mandatory quality
criteria. In suchcases, a cross-reference to the tests described in the
mandatorypart is included in theFunctionality-related
characteristics section. Controlof the characteristics can contribute
to the quality of a medicinalproductby improving the consistency
of the manufacturing process and the performance of the medicinal
product duringuse. Where control methods arecited, they are
recognised as being suitable for thepurpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported; the control methodmust be indicated.

The following characteristic 1IUg' be relevant for titaniumdioxide
usedas opacifier in solidoraldosage forms and in preparations for
cutaneous application.

Particle-size distribution (2.9.31)
____________________ PhEur
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Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 30.0 mg of the substance to be
examined in mobile phase A, using sonication 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 solution (a) Dissolve 3 mg of tizanidine
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 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.

Reference solution (c) Dissolve 30.0 mg of tizanidine
hydrochloride CRS in mobile phase A, using sonication 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.

Column:
- size: 1= 0.15 m, 0= 4.6 IDm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3.5 um);
- temperature: 50°C.

Mobile phase:
- mobile phaseA: mix 18 volumes of acetonitrile Rl and

82 volumes of a 3.86 gIL solution of sodium
pentanesulfonate monohydrate R previously adjusted to
pH 3.0 with phospharzc acid R;

- mobile phaseB: mix 20 volumes of a 3.86 gIL solution of
sodium pentanesulfonate monohydrate R previously adjusted
to pH 3.0 with phosphoric acidR and 80 volumes of
acetonitrile Rl;

2020

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 CgHgCl2NsS taking into
account the assigned content of tizanidine hydrochloride CRS.

IMPURITIES
Specified impurities H.
Otherdetectable impurities (the following 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 other/unspecified impurities 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) A, B, C, D, E, F, G, 1.

A. N-(4,5-dihydro-1H-imidazol-2-yl)-2,1,3-benzothiadiazol-4
amine,

Flow rate 0.6 mUmin.

Detection Spectrophotometer at 230 om.

Injection 10 ~tL 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.

Relative retention With reference to tizanidine (retention
time = about 6 min): impurity B = about 1.3.

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

tizanidine and impurity B.

Calculation of percentage contents:
- for each impurity, use the concentration of tizanidine 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°C.

Time
(min)

0-15

15 - 25

25 - 27

Mobile phase A
(per cent VIV)

100

100 -> a
o

Mobile phase B
(per cent VIJI)

a
a -> 100

100

B. N-(5-chloro-2,1,3-benzothiadiazol-4-yl)thiourea,

C. 1,1'-ethane-I ,2-diylbis [3-(5-chloro-2,1,3-benzothiadiazol
4-yl)guanidine],

D. methyl N-(5-chloro-2,1,3-benzothiadiazol-4
yl)carbamimidothioate,

E. 5-chloro-2,1,3-benzothiadiazol-4-amine,
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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 ofmanufacture designed to
eliminate or minimise substances lowering blood pressure.

CHARACTERS
Appearance
White or almost white powder.

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

IDENTIFICATION
First identification: A.

Secondidentification: B~C.
A. Nuclearmagnetic resonance spectrometry (2.2.33).

Preparation 100 gIL solution in deuterium oxide R.
Comparison 100 gIL solution of tobramycin CRS in deuterium
oxide R.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 m.g of the substance to be
examined in waterR and dilute to 5 mL with the same
solvent.

Reference solution (a) Dissolve 20 m.g of tobramycin CRS in
waterR and dilute to 5 mL with the same solvent.

Reference solution (b) Dissolve 4 m.g of neomycin sulfate CRS
and 4 mg of kanamycin monosulfate CRS in I mL of reference
solution (a).

Plate TLC silica gelplateR.
Mobile phase methylene chloride R, concentrated ammonia R,

.methanol R (17:33:50 VlV7V).

Application 5 J-lL.
Development Over 2/3 of the plate.

Drying In a current of warm air.

Detection Spray with a mixture of equalvolumes of a 2 gIL
solution of 1,3-dihydroxynaphthalene R in ethanol
(96 percent) R and a 460 gIL solution of sulfuric acidR; heat
at 105°C for 5-10 min.

Systemsuitability The chromatogram obtained with
reference solution (b) shows 3 major spots which are clearly
separated.

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 about 5 mg in 5 mL of waterR. Add 5 mL of a
1 gIL solution of ninhydrin R in ethanol (96 percent) Rand
heat in a water-bath for 3 min. A violet-blue colour develops.

TESTS
pH (2.2.3)
9.0 to 11.0.

Dissolve 1.0 g in 10 mL of carbon dioxide-free waterR.

Specific optical rotation (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).

32986-56-4467.5

H2N

N~2'.o HO I

NH2 .'

HO c{ NH2

OH

PhEur _

DEFINITION
4-~(3-PuIUno-3-deoxy-~-o-g1ucopyranosyD-24deoxy-6-~

(2,6-diamino-2,3,6-trideoxy-li-o-ribo-hexopyranosyl)-L
streptamine.

(Ph. Eur. monograph 0645)

Action and use
Aminoglycoside antibacterial.

Preparations
Tobramycin and Dexamethasone Eye Drops, Solution

Tobramycin Eye Drops, Solution

Tobramycin Inhalation Powder, Hard Capsule

Tobramycin Injection

Tobramycin Nebuliser Solution

H. ethane-l,2-diamine (ethylenediamine),

G. (5-chloro-2,1 ,3-benzothiadiazol-4-yl)cyanamide,

F. 1,3-bis (5-chloro-2, 1,3-benzothiadiazol-4-yl)-1-(4,5
dihydro-lH-imidazol-z-yl)guanidine,

Tobramycin

I. 4-methylbenzenesulfonic acid (p-toluenesulfonic acid).
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Testsolution (a) Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

Testsolution (b) Dilute 10.0 mL oftest solution (a) to
100.0 mL with the mobile phase.

Reference solution (a) Dissolve 25.0 mg of tobramycin CRSin
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
sulfate CRS in 20.0 mL of the mobile ohase. 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 mm;
- stationary phase: styrene-divinylbenzene copolymer R (8 urn)

with a pore size of 100 nm;
- temperature: 55 "C.
Mobz1e phase Mixture prepared with carbon dioxide-free
waterR containing 52 gIL of anhydrous sodium sulfate R,
1.5 gIL of sodium octanesulfonate R, 3 mlJL of
tetrahydrofuran R stabilised with butylhydroxytoluene R, and
50 mlJL··of 0.2 M potassium dihydrogen phosphate R
previously adjusted to pH 3.0 with dilute phosphoric acidR.
Degas.

Flow rate 1.0 mIJmin.
Post-column solution carbonate-free sodium hydroxide solution R
diluted 25-fold with carbon dioxide-free water R, which is
added pulselessly to the column effluent using a 375 !J.L
polymeric mixing coil.

Flow rate 0.3 mIJmin.
Detection Pulsed amperometric detector or equivalent with a
gold working 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 according to the instrument used. The temperature
of the detector is set at 35 "C.
NOTE to prevent problems due to saltprecipitation, the
electrochemical cell can beflushed with waterR overnight.
Injection 20!J.L using a refrigerated injector (4-8 °C); inject
test solution (a) and reference solutions (b), (c) and (d),

Run time 1.5 times the retention time of tobramycin.

Relative retention With reference to tobramycin (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); if necessary, 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 impurity: 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

2020

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 ofthe principal peak in the
chromatogram obtained with reference solution (b)
(0.25 per cent).

2-Methyl-l-propanol (2.4.24, System B)
Maximum 1.0 per cent m/m.

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 endotoxins (2.6.14)
Less than 2.0 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 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
proof container.

IMPURITIES

1\. 4-~(3-amino-3-deoxy-cr-o-glucopyranosyD-2-deoxy-6-~
(2,6-diamino-2,6-dideoxy-cr-o-glucopyranosyl)-L
streptamine (kanamycin B),

H2N

Hb. NH,
N~2".HO

..
HO NH2

B. 2-d.eoxy-4-0-(2,6-diamino-2,3, 6-trideoxy-cr-o-ribo
hexopyranosyl)-D-streptamine (nebramine),
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____________________ PhEur

Tobramycin Sulfate

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gelfor chromatography.
(b) Use the mobile phase as described below.

(c) Apply 1 ul, of each solution.

(d) Develop the plate to 15 em,

(e) After removal of the plate, allow it to dry in air, heat at
110" for 10 minutes and spray with a 20% y/v solution of
sodium hypochlorite solution in water. Dry the plate in air and
then spray with a solution prepared in the following manner.
Dissolve 1.1 g of potassium iodide in 60 mL of water, boil for
15 minutes and slowly add 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 ethanol and 50 volumes
of a 29.2% w/v solution of sodium chloride in water.

LIMITS

In the chromatogram obtained with solution (1):

any secondary spotis not more intense than the principal spot
in the chromatogram obtained with solution (2) (1%).

Sulfated ash
Not more than 1% w/w, Appendix IX A, when determined
by the following method. Moisten the charred residue with
2 mL of nitric acidand 5 drops of sulfuric acid.

Water
Not more than 2.0% w/w, Appendix IX C.

(b) Use the mobile phase as described below.

(c) Apply 5 ul, of each solution.

(d) Develop the plate to 15 em,

(e) After removal of the plate, dry it in a current of warm air,
spray with a mixture of equal volumes of a 0.2% w/v solution
of naphihalene-lS-diol in ethanol (96%) and a 46% w/v
solution of sulfuric acid and heat at 105° for 5 to 10 minutes.

MOBILE PHASE

17 volumes of dichloromethane, 33 volumes of 13.5M ammonia
and 50 volumes of methanol.

SYSTEM SUITABIUTY

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 (1) corresponds in position, colour and size to that
in the chromatogram obtained with solution (2).

B. In the Assay, the chromatogram obtained with solution (1)
shows a peak with the same retention time as 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% w/v 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.

(1) Dissolve 50 mg of the substance being examined in 7 mL
of water, adjust the pH to 5.5 with 0.5M sulfuric acidand add
sufficient water to produce 10 mL.
(2) Dilute 1 volume of solution (1) to 100 volumes with
water.

79645-27-5
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1425.42

H~~~, () NH
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IDENTIFICATION
A. Carry out the method for thin-layer chromatography,
Appendix ill A, using the following solutions.

(1) Dissolve 90 mg of the substance being examined in
sufficient water to produce 10 mL.
(2) 0.6% w/v of tobramycin BPCRS in water.

(3) 0.4% w/v of each of kanamycin monosulfate BPCRS,
neomycin sulfate EPCRS and tobramycin BPCRS in water.

CHROMATOGRAPHIC CONDmONS

(a) Use as the coating silica gel (Merck silica gel 60 plates are
suitable).

DEFINITION
4-o-(3-Amino-3-deoxy-a-D-glucopyranosyl)-2-deoxy-6-o
(2,6-diamino-2,3,6-trideoxy-(X-D-ribo-hexopyranosyl)-L
streptamine sulfate.

Substance produced by Streptomyces tenebrarius or obtained
by any other means.

It contains not less than 97.0% and not more than 102.0%
of (ClsH37Ns09)2,5H2S04, calculated with reference to the
anhydrous substance.

CHARACTERISTICS
A white to off-white powder.

Soluble in water.

Action and use
Aminoglycoside antibacterial.

Preparation
Tobramycin Oral Solution

C. 2-deoxy-4-o-(2,6-diamino-2,6-dideoxy-(X-D
glucopyranosyl)-D-streptamine (neamine).
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10191-41-0430.7

(all-rae-a-Tocopherol, Ph. Eur. monograph 0692)

Action and use
Used in prevention and treatment of vitamin E deficiencies.

DEFINITION
All-rac-2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4
dihydro-2H-1-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 and in fatty oils.

IDENI1FICATION
First identification: 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 cyclohexane R.
Reference solution Dissolve 10 mg of a-tocopherol CPS in
2 mL of cyclohexane R.

Plate TLC silica gelF254 plate R.
Mobile phase ether R, cyclohexane R (20:80 VIV).
Application 10 ilL.
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 solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

TESTS
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Internal standard solution Dissolve 1.0 g of squalane R in
cyclohexane 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 solution (b) Dissolve 0.100 g of the substance to be
examined in 10 mL of cyclohexane R.

all-rae-Alpha-TocopherolASSAY
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions. Derivatise
solutions (1), (2) and (4) prior to analysis.

(1) Dissolve 30 mg of the substance being examined in
sufficient waterto produce 100 mL.
(2) Add 1 mL of 0.5M sulfuric acid to 50 mg of
tobramycin BPCRS, dissolve in water, add sufficient waterto
produce 50 mL and mix. Dilute 1 volume of this solution to
5 volumes with water.

(3) Dilute 1 volume of a 0.024% wlv solution of
l-naphtholbenzein in acetonitrile to 5 volumes with derlvatised
solution (2).

(4) water. (blank solution).

Derivatise solutions (1), (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 50-mL
volumetric flasks. To each solution add 10 mL of a 1% wlv
solution of 1-jluoro-2,4-dinitrobenzene in ethanol (96%) and
10 mL of a solution prepared by diluting 40 .ml, of a
1.5% wlv solution of tns(hydroxymethyl) methylamine in water
to 200 mL with dimethyl sulfoxide and mixing. Heat in a
water bath at 60° for 50 minutes. Remove the flasks, allow to
stand for 10 minutes and add acetonitrile to about 2 mL
below the meniscus. Allow to cool to room temperature and
add sufficient acetonitrile to produce 50 mL.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (30 em x 3.9 mm) packed
with octadecylsilyl silica gelfor chromatog'faphy (5 um)
(Nucleosil 5 C18 is suitable).

(b) Use isocratic elution and the mobile phase described
below.

(c) Use a flow rate of 1.2 mL per minute.

(d) Use an ambient column temperature.

(e) Use a detection wavelength of 365 nm.

(f) Inject 20 J.lL of each solution.

MOBILE PHASE

Dissolve 2.0 g of tris(hydroxymethyl)aminomethane in 800 mL
of water, add 20 mL of O.5M sulfuric acidand sufficient
acetonitrile to produce 2000 mL. Allow to cool and filter
(using a 0.2-llm, or finer, filter).

When the chromatograms are recorded under the prescribed
conditions, the retention of 1-naphtholbenze£n relative to
tobramycin (retention time, about 20 minutes) is about 0.6.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution between the peaks due to
l-naphtholbenzein and tobramycin is at least 4.0.

DETERMINATION OF CONTENT

Calculate the content of (ClsH37NsOg)z,5HzS04 in the
substance being examined using the declared content of
ClsH37NsOg in tobramycin BPCRS. Each mg of
ClsH37NsOg is equivalent to 1.5245 mg of
(ClsH37NsOg)z,5HzS04'

STORAGE
Tobramycin Sulfate should be stored in an airtight container.
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Action and use
Used in prevention and treatment of vitamin E deficiencies.
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(RRR-a-Tocopherol, Ph. Bur, monograph 1256)

CHa CH3

B. all-rac-cis-2,3,4,6,7-pentamethyl-2-(4,8,12
trimethyltridecyl)-2,3-dihydrobenzofuran-5-01,

C. 4-methoxy-2,3,6-trimethyl-5-[(all-RS,E)-3,7,11,15
tetramethylhexadec-2-enyl]phenol,

DEFINITION
(2R)-2,5,7,8-Tetramethyl-2-[(4R,8R)-4,8, 12
trimethyltridecyl] -3,4-dihydro-2H-1-benzopyran-6-01.

D. (all-RS,all-E)-2,6,10,14,19,23,27,31
octamethyldotriaconta-12,14,18-triene.

RRR-Alpha-Tocopherol

A. all-rac-trans-2,3,4,6,7-pentamethyl-2-(4,8,12
trimethyltridecyl)-2,3-dihydrobenzofuran-5-01,

IMPURITIES
Specified impurities A, B, C, D.

____________________ PhEur

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 the substance to be
examined and 10 mg of rx-tocopheryl acetate R in cyclohexane R
and dilute to 100.0 mL with the same solvent.

Reference solution (c) Dissolve 10 mg of all-rae-a-tocopherol
for peak identification CRS (containing impurities A and B) in
cyclohexane R and dilute to 1 mL with the same solvent.

Reference solution (d) Dilute 1.0 mL oftest 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: 1= 30 m, 0 = 0.25 nun;
- stationary phase: poly(dimethyl)siloxane- R (film thickness

0.25 J.lIl1).

Carrier gas helium for chromatography R.
Flow rate .1 mUmin.

Split ratio!: 100.

Temperature:
- column: 280 0e;,
- injectionpon and"fietector. 290°C.

Detection Flame ionisation.

Injection 1 ul, of test solution (b) and reference
solutions (b), (c) and (d).

Run time Twice the retention time of all-rcc-ce-tocopherol.
Identification of impurities Use the chromatogram supplied
with all-rae-a-tocopherol forpeak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due t4> impurities A and B.

Relative retention With reference to all-rcc-ce-tocopherol
(retention time = about 9 min): squalane =about 0.5;
impurity A =about 0.7; impurity B = about 0.8;
impurities C and D = about 1.05 -(eluting immediately after
the all-rae-a-tocopherol peak).

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to all-rac-

ce-tocopherol and o-rocopheryl acetate.

Limits:
- impurityA: maximum 0.5 per cent;
- impurity B: maximum 1.5 per cent;
- sum of impurities CrandD:-maximum 1.0 per cent;
- any otherimpurity: 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.-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 with the following modifications.

Injection Test solution (a) and reference solution (a).

System suitability Reference solution (a):
- symmetryfactor. minimum 0.6 for the principal peak.

Calculate the percentage content of CZ9HsoOz from the
declared content of a-tocopherol CRS.

STORAGE
Under an inert gas, protected from light.
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B. (2R)-2,5,8-trimethyl-2-[(4R,8R)4,8,12-trimethyltridecyl]
3,4-dihydro-2H-1-benzopyran-6-01 (RRR-~-tocopherol),

A. (2R)-2,8-dimethyl-2- [(4R,8R)-4,8, 12-trimethyltridecyl]
3,4-dihydro-2H-1-benzopyran-6-01 (RRR-8-tocopherol),

C. (2R)-2, 7,8-trimethyl-2-[(4R,8R)-4,8, 12-trimethyltridecyl]
3,4-dihydro-2H-1-benzopyran-6-01 (RRR:-y-tocopherol).

____________________ PhEur

280

290

290

Temperature
eC)

0- 15

Time
(min)

Column

Injection port

Detector

Temperature:

Detection Flame ionisation.

Injection 1 IlL of test solution (b) and reference solution (b).

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

ex-tocopherol and e-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 with the following modifications.

Injection Test solution (a) and reference solution (a).

System suitability Reference solution (a):
- symmetry factor: minimum 0.6 for the principal peak.

Calculate the percentage content of C29Hso02 taking into
account the assigned content of ex-tocopherol CRS

STORAGE
Under an inert gas, protected from light.

IMPURITIES

1>4H3 H
Ho0"~~

CH3 H CH3 CH3

Content
94.5 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 and in fatty oils.

IDENflFlCATION
First identification: A, B.

Second identification: A, C.

A. Optical rotation (2.2.7): + 0.050 to + 0.100
•

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 ex-tocopherol CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in 2 mL of cyclohexane R.
Reference solution Dissolve 10 mg of ex-tocopherol CRS in
2 mL of cyclohexane R. .

Plate TLC silica gelF254 plate R.

Mobile phase etherR, cyclohexane R (20:80 V/V).

Application 10 J,lL.
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 solution is similar in position and size to the
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 to 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 solution (b) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of cyclohexane R.
Reference solution (a) Dissolve 0.100 g of ex-tocopherol CRS in
10.0 mL of the internal standard solution.

Reference solution (b) Dissolve 10 mg of ex-tocopherol Rand
10 mg of rx-tocopheryl acetate R in cyclohexane R and dilute to
100.0 mL with the same solvent.

Column:
- material: fused silica;
- size: I =30 m, 0 =0.25 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 um).

Carrier gas heliumfor chromatography R.
Flow rate 1 mIJmin.

Split ratio 1:100.
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Action and use
Used in prevention and treatment of vitamin E deficiencies.

Test solution (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 «-tocophery!
acetate CRS in 10.0 mL of the internal standard solution.

Reference solution (b) Dissolve 10 mg of the substance to be
examined and 10 mg of rt.-tocopherol R in cyclohexane R and
dilute to 100.0 mL with the same solvent.

Reference solution (c) Dissolve 10 mg of all-rac-a-tocopheryl
acetate for peak identification CRS (containing impurities A
and B) in cyclohexane R and dilute to 1 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 mm;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 um).

Carrier gas helium for chromatography R.

Flow rate 1 mIJmin.

Split ratio 1:100.

Temperature:
- column: 280°C;
- injection port and detector. 290°C.

Detection Flame .ionisation.

Injection 1 JlL 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-rec-ce-tocopheryl
acetate.

Identification of impurities Use the chromatogram supplied
with all-rac-a-tocopheryl acetate for peak identification CRS and
the chromatogram obtained with reference solution (c) to
identify the peaks due to impurities A and B.
Relativeretention With reference to all-rac-cx-tocopheryl
acetate (retention time =about 15 min):
squalane =about 0.4; impurity A =about 0.7;
impurity B =about 0.8; impurity C = about 0.9;
impurities D and E =about 1.05 (eluting immediately after
the all-rsc-o-tocopheryl acetate peak).

System suitability:
- resolution: minimum 3.5 between the peaks due to

impurity C and all-rsc-c-tccopheryl 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-rac-e
tocopheryl acetate.

Limits:
- impurities A, C: for each impurity, maximum 0.5 per cent;
- impurity B: maximum 1.5 per cent;
- sum of impurities D and E: maximum 1.0 per cent;
- any other impurity: 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).

**** ** *<,»

7695-91-2472.7

TESTS
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Internal standard solut1.On Dissolve 1.0 g of squalane R in
cyclohexane 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.

DEFINITION
all-rac-2,5,7,8-TetramethyI-2-(4,8,12-trimethyltridecyl)-3,4
dihydro-2H-1-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.

Solubility
Practically insoluble in water, freely soluble in acetone, in
anhydrous ethanol and in fatty oils.

IDENTIFICATION
Firstidentification: 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.-tocopheryl acetate CRS.

C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve about 10 mg of the substance to be
examined in 2 m.L of cyc10hexane R.
Reference solution Dissolve about 10 mg of rx-tocopheryl
acetate" CRS in 2mL of cyclohexane R.
Plate TLC silica gelFZ54 plate R.

Mobile phase etherR, cyclohexane R (20:80 VIV).
Application 10 J,lL.
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 solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

(all-rac-rx-Tocopheryl Acetate, Ph. Eur. monograph
0439)

all-rae-Alpha-Tocopheryl Acetate
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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 with the following modifications.

Injection Test solution (a) and reference solution (a).

Systemsuitability Reference solution (a):
- symmetry factor. minimum 0.6 for the principal peak.

Calculate the percentage content of C31Hs203 from the
declared content of rx-tocopheryl acetate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E.

E. (all-RS,all-E)-2,6,1O,14,19,23,27,31
octamethyldotriaconta-l2, 14,1 8-triene.

______________'-- PhEur

RRR-Alpha-Tocopheryl Acetate
(RRR-rx-Tocopheryl Acetate, Ph. Eur. monograph'
1257)

CH3

H3C~10 "'~CH3
o ~ , CHg CH
I . CH 3
~ CHg H 3

H3C 0 CHg CH3
and diastereoisomers

CHg CHg

CH3

472.7

PhEur ..,.....- _

Action and use
Used in prevention and treatment of vitamin E deficiencies.

DEFINITION
(2R)-2,5,7,8-Tetramethyl-2-[(~,8~-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 slightly greenish-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).

IDENTIFI~ATION

First identification: A, 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 rnL
with the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison rx-tocopheryl acetate CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution (a) 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
about 10 mg of the substance to be examined in 2 mL of
2.5 M alcoholic sulfuric acid R. Heat on a water-bath for
5 min. Cool and add 2 mL of waterR and 2 mL of
cyclohexane R. Shake for 1 min. Use the upper layer.

Reference solution (a) Dissolve 10 mg of «-tocopheryl
acetate CRS in 2 mL of cyclohexane R.

CH3

CH3CH3CH3

D.4-methoxy-2,3,6-trlmethyl-5-[(all-RS,E)-3,7,11,15
tetramethylhexadec-2-enyl]phenyl acetate,

~w~ r,(H. CH.
A CH

3
H CH3 -y ~

H3C OCHg CH3

and diastereoisomers

B. all-rac-ciS'-2,3,4,6,7-pentamethyl-2-(4,8,12
trimethyltridecyl)-2,3-dihydrobenzofuran-5-yl acetate,

C. all-rac-2,5,7,8-tetramethyl-2-(4,8, 12-trimethyltridecyl)-3,4
dihydro-2H-l-benzopyran-6-01 (all-rec-c-tocopherol),

A. all-rac-trans-2,3,4,6,7-pentamethyl-2-(4,8,12
trimethyltridecyl)-2,3-dihydrobenzofuran-5-yl acetate,
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Reference solution (b) Prepare as described for test
solution (b), using a-tocopheryl acetate DRS instead of the
substance to be examined.

Plate TLC silica gelFZ54 plateR.

Mobz1e phase ether R, cyclohexane R (20:80 VIV).
Application 10 j.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 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 may be 2 spots
depending on the degree of hydrolysis: the spot with the
higher Rp value is due to ce-tocopheryl acetate and
corresponds to the spot in the chromatogram obtained with
reference solution (a); the spot with the lower Rp value is due
to ce-tocopherol.

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 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.

Testsolution (b) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of cyclohexane R.
Reference solution (a) Dissolve 0.100 g of «-tocophetyl
acetate CRS in 10.0 mL of the internal standard solution.

Reference solution (b) Dissolve 10 mg of a-tocopherol Rand
10 mg of «-tocopheryl acetate R in cyclohexane R and dilute to
100.0 mL with the same solvent.

Column:
- material: fused silica;
- size: I = 30 m, (2) = 0.25 mID;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 urn).

Carrier gas heliumfor chromatography R.
Flow rate ·1 mUmin.

Split ratio 1:100.
Temperature:

Column

Injection port

Detector

Time
(min)

0-15

Temperature
CC)
280

290

290

than 0.2 per cent of the area of the peak due to
o-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 with the following modifications.

Injection Test solution (a) and reference solution (a).

System suitability Reference solution (a):
- symmetry factor: minimum 0.6 for the principal peak.

Calculate the percentage content of C31H5203 taking into
account the assigned content of a-tocopheryl acetate CRS.

STORAGE
Protected from light.

IMPURITIES

A. (2R)-2,5,7,8-tetramethyl-2-[(4R,8R)-4,8,12
trimethyltridecyl]-3,4-dihydro-2H-l-benzopyran-6-01
(RRR-Cl-tocopherol) ,

B. (2R)-2,5,8-trimethyl-2-[(4R,8R)-4,8,12-trimethyltridecyl]
3,4-dihydro-2H-l-benzopyran-6-yl acetate (RRR-~
tocopheryl acetate),

C. (2R)-2, 7,8-trimethyl-2-[(4R,8R)-4,8,12-trimethyltridecyl]
3,4-dihydro-2H-l-benzopyran-6-yl acetate (RRR-y
tocopheryl acetate),

Detection Flame ionisation.

Injection 1 ul, of test solution (b) and reference solutions (a)
and (b); inject directly onto the column or via a sufficiently
inert, glass-lined injection port using an automatic injection
device or other reproducible injection method.

System suitability:
- resolution: minimum 3.5 between the peaks due to

ce-tocopherol and ce-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 ce-tocopherol is not greater

D. (2R)-2,8-dimethyl-2-[(4R,8R)-4,8,12-trimethyltridecyl]
3,4-dihydro-2H-l-benzopyran-6-yl acetate (RRR-3
tocopheryl acetate).

____________________ PhEur
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Alpha Tocopheryl Acetate
Concentrate (Powder Form)
(a-Tocopheryl Acetate Concentrate (powder Form)
Ph. Eur. monograph 0691)

Action and use
Used in prevention and treatment of vitamin E deficiencies.

PhEur ~ _

DEFINITION
Preparation obtained either by finely dispersing all-rae-a
Tocopheryl acetate (0439) in a suitable carrier of suitable
quality (for example gelatin, acacia, carbohydrates,
lactoproteins or a mixture thereof) or by adsorbing all-rac-a.
Tocopheryl acetate (0439) on silicic acid of suitable quality.

Content
90.0 per cent to 115.0 per cent of the rt-tocopheryl acetate
content stated on the label, which is not less than 25 g per
100 g of concentrate.

CHARACTERS
Appearance
Almost white, yellowish or light brown, small particles.

Solubility
Practically insoluble or swells or forms a dispersion in water,
depending on the formulation.

IDENI1FICATION
First identification: B.
Second identification: A.

A. Thin-layer chromatography (2.2.27).

Testsolution To a quantity of the preparation to be
examined corresponding to 50 mg of e-tocopheryl acetate
add 5 mL of 0.01 M hydrochloric acidand treat with
ultrasound at 60°C. Add 5 mL of anhydrous ethanol Rand
10 mL of cyclohexane R, shake for 1 min and centrifuge for
5 min. Use the upper layer.

Reference solution Dissolve 50 mg of tX-tocopheryl acetate CRS
in cyclohexane R and dilute to 10 mL with the same solvent.

Plate TLC silica gelFZ54 plateR.
Mobile phase ether R, cyclohexane R (20:80 VIV).
Application 10 j.tL.

Development 3/4 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 solution is similar in position 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 and size to
the principal peak in the chromatogram obtained with
reference solution (a);

- in the chromatogram obtained with reference
solution (c) no additional principal peak is observed
when compared with the chromatogram obtained with
the test solution.

ASSAY
Gas chromatography (2.2.28).

Internal standardsolution Dissolve 1.0 g of squalane R in
cyclohexane R and dilute to 500.0 mL with the same solvent.

2020

Test solution Weigh accurately a quantity of the preparation
to be examined corresponding to about 0.100 g of
ce-tocopheryl acetate into a 250 mL conical flask. Add 20 mL
of 1 M hydrochloric acid and sonicate at 70°C for 20 min.
Add 50 mL of anhydrous ethanol Rand 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 solution (a) Dissolve 0.100 g of a-tocopheryl
acetate CRS in 50.0 mL of the internal standard solution.

Reference solution (b) Dissolve 10 mg of a-tocopherol Rand
10 mg of a-tocopheryl acetate CRS in 5.0 mL of cyclohexane R.

Reference solution (c) Mix 1.0 mf.of the test solution and
1.0 mL of reference solution (a).

Column:
- material: fused silica;
-- size: l= 30 m, 0 =0.25 mrn;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 J.lIl1).

Carrier gas helium for chromatography R.

Flow rate 1 mUmin.

Split ratio 1:100.

Temperature:
- column: 280°C;
- injection port and detector: 290 "C.

Detection Flame ionisation.

Injection 1 j.lL; inject directly onto the column or via a
sufficiently inert, glass-lined injection port.

Run time 1.1 times the retention time of e-tocopheryl
acetate.

Relative retention With reference to o-tocopheryl acetate
(retention time =about 12 min): squalane =about 0.5;
e-tocopherol = about 0.9.

System suitability:
- resolution: minimum 3.5 between the peaks due to

n-tocopherol and ce-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 o-tocopherol is not greater
than 0.002 times the area of the peak due to o-rocopheryl
acetate (0.2 per cent).

Calculate the percentage content of C31Hs203 from the
declared content of a-tocopheryi acetate CRS.

STORAGE
In an airtight, well-filled container, protected from light.

LABELLING
The label states the content of e-tocopheryl acetate,
expressed in grams per 100 g of concentrate.
______________~ PhEur
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Alpha Tocopheryl Hydrogen
Succinate
(DL-rx-Tocopheryl Hydrogen Succinate, Ph. Eur.
monograph 1258)

530.8

Action and use
Used in prevention and treatment of vitamin E deficiencies.

Ph Eur _ __.....--__---------------

DEFINITION
(2RS)-2,5,7,8-Tetramethyl-2-[(4RS,8RS)-4,8,12
trimethyltridecyl]-3,4.;.dihydro-2H-1-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 identification: B, .D.
Secondidentification: A, C, D.
A. Absorbance (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison RRR-IX-tocopheryl hydrogen succinate 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-stuppered tube, dissolve
10 mg of the substance to be examined in 2 mL of 2.5 M
alcoholic sulfuric acid R Heat on a water-bath for 5 min.
Cool and add 2 mL of water R and 2 mL of cyclohexane R.
Shake for 1 min. Use the upper layer.

Reference solution (a) Dissolve 10 mg of RRR-IX-tocopheryl
hydrogen succinate CRS in 2 mL of cyclohexane R.

Reference solution (b) Prepare as described for test
solution (b), using RRR-«-tocopheryl hydrogen succinate CRS
instead of the substance to be examined.

Plate TLC silica gelF254 plate R.

Mobilephase glacial acetic acid R, ether R, cyclohexane R
(0.2:20:80 V/V/V).

Application 10 J,IL.
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

Tocopheryl Hydrogen Succinate 11-1167

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 e-tocopherol, the spot
with the lower RF value is due to DL-et-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 acid R, 40 volumes ofa 2.5 gIL solution of ferric
chloride R in ethanol (96 percent) Rand 40 volumes of a
10 gIL solution of phenanthroline hydrochloride R in ethanol
(96 percent) R.

Results B In the chromatograms obtained with test
solution (b) and reference solution (b), the spot due to
et-tocopherol is orange.

D. Optical rotation (see Tests).

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
with 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.

Testsolution (b) Dilute 20.0 mL of solution A to 50.0 mL
with anhydrous ethanol R.

Absorption maximum At 284 nm for test solution (a).

Absorption minimum At 254 nm 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 gin 100 mL of 0.25 M alcoholic sulfuric
acidR. Add 20 mL of water Rand 0.1 mL of a 2.5 gIL
solution of diphenylamine R in sulfuric acidR. Titrate with
0.01 M ammonium and cerium sulfate until a blue colour is
obtained that persists for at leastS s. Carry out a blank
titration.

1 mL of 0.01 M ammonium and cerium sulfate is equivalent to
2.154 mg offree tocopherol."

Related substances
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical 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 solution Dissolve 0.300 g of dotriacontane R
in hexane R and dilute to 100.0 mL with the same solvent.

Testsolution 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
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evaporate just to dryness ona 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-rJ.-tocopheryl
hydrogen succinate CRS into a 20 mL vial. Add 2.0 mL of
methanol R, 1.0 mL of dimethoxypropane Rand 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 mL of the internal standard
solution. Vortex into solution.

Column:
- material: fused silica;
- size: I =15 m, 0 =0.32 rnm;
- stationary phase: poly(di:methyVsiloxane R (film thickness

0.25 JIDl).

Carrier gas heliumfor chromatography R.
Flow rate 3-6 mUmin.
Spl£t ratio 1:10 to 1:20.

Temperature:

Calculate the percentage content of nt-n-tocopheryl
hydrogen succinate using the following expression:

STORAGE
Protected from light.

SoxmT

STxmO

100 X ST x mo x RF

s'o(corr) x m

area of the peak due to dotriacontane in the chromatogram
obtained with the reference solution;
corrected area of the peak due to dotriacontane in the
chromatogram obtained with the test solution;
m-ea of the peak due to RRR-(J.-cocopheryl hydrogen
succinate CRS in the chromatogram obtained with the
reference solution;
area of the peak due to DL-ot-tocopheryl hydrogen succinate
in the chromatogram obtained with the test solution;
mass of dotriacontane in the test solution and in the
reference solution, in milligrams;
mass of RRR-a-tocopheryl hydrogen succinate CRS in the
reference solution, in milligrams;
mass of the substance to be examined in the test solution, in
milligrams.

SD

m

S'D(COIr)

a-tocopheryl hydrogen succinate CRS and dotriacontane in the
chromatogram obtained with the reference solution, using the
following expression:

200 -+ 250

250

300

330

Temperature
("C)

Time
(min)

0-10

10 -20

Column

Injection port

Detector

Detection Flame ionisation.

lrifection 1 JlL; inject directly onto the column or via a glass
lined injection port using an automatic injection device or
some other reproducible injection method.

System suitability Reference solution:
- resolution: minimum 12.0 between the peaks due to

dotriacontane and nt-o-tocopheryl hydrogen succinate.

Interference 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 J.lL of the solution and record the
chromatogram. If 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'O(COlT) for the
final calculation.

______________________ PhEur

RRR-Alpha-Tocopheryl Hydrogen
Succinate
(RRR~-Tocopheryl Hydrogen Succinate, Ph. Bur.
monograph 1259)

530.8 4345-03-3

S'D area of the peak due to dotriacontane in the chromatogram
obtained with the test solution;

Sl area of the peak with the same retention time as that of the
peak due to dotriacontane in the chromatogram obtained in the
interference test;

S'T area of the peak due to DL-ot-tocopheryl hydrogen succinate in
the chromatogram obtained with the test solution;

SrI area of the peak due to DL-ot-tocopheryl hydrogen succinate in
the chromatogram obtained in the interference test.

Measure the areas of the peaks due to RRR-rJ.-tocopheryl
hydrogen succinate CRS CST) and dotriacontane (SD) in the
chromatogram obtained with the reference solution and the
areas of the peaks due to DL-cx-tocopheryl hydrogen succinate
(S'T) and dotriacontane (S'D) in the chromatogram obtained
with the test solution.

Determine the response factor (RF) for DL-cx-tocopheryl
hydrogen succinate from the areas of the peaks due to RRR-

Action and use
Used in prevention and treatment of vitamin E deficiencies.

PhEur __-'-- _

DEFINITION
(2R)-2,5,7,8-Tetramethyl-2-[(4R,8R)-4,8,12
trimethyltridecyl]-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.
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IDENTIFICATION
Fz'rst identification: B~ D.

Second identification: A~ C~ D.
A. Absorbance (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison RRR-a-tocopheryl hydrogen succinate 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 tube, dissolve
10 mg of the substance to be examined in 2 ml, of 2.5 M
alcoholic sulfuric acid R. Heat on a water-bath for 5 min.
Cool and add 2 ml, of waterRand 2 mL of cyclohexane R.
Shake for 1 min. Use the upper layer.

Reference solution (a) Dissolve 10 mg of RRR-a-tocopheryl
hydrogen succinate CRS in 2 mL of cyclohexane R.
Reference solution (b) Prepare as described for test
solution (b), using ~-a-tocopheryl hydrogen succinate CRS
instead of the substance to be examined.

Plate TLC silica gel"£254 plateR.
Mobile phase glaciatacetic acidR, ether R, cyclohexane R
(0.2:20:80 VIVIV). "'~~.,

Application 10 j.lL.

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
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 ex-tocopherol, the spot
with the lower Rp value is due to RRR-ex-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 of ferric
chloride R in ethanol (96 per cent) Rand 40 volumes of a
10 gIL solution of phenanthroline hydrochloride R in ethanol
(96 percent) R.

Results B In the chromatograms obtained with test
solution (b) and reference solution (b), the spot due to
ex-tocopherol is orange.

D. After saponification, the resulting RRR-ex-tocopherol is
dextrorotatory (2.2.7). The specific optical rotation after
oxidation to the quinone form is not less than + 24.

Carry out the testavoidingexposure to actinic light Transfer
1.0 g to a round bottomed, ground-glass-stoppered, 250 mL
flask, dissolve in 30 niL 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 alcoholic potassium
hydroxide R. Continue heating under reflux for 20 min and,
without cooling, add 4.0 ml, of hydrochloric acidR dropwise
through the condenser. Cool, rinse the condenser with
10 mL of anhydrous ethanolR, transfer the contents of the
flask to a 500 ml, separating funnel, and rinse the flask with
4 quantities, each of 25 mL, of waterR and 4 quantities,
each of 25 mL, of etherR. 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,

Tocopheryl Hydrogen Succinate 11-1169

each of 50 mL, of etherR and add these extracts to the main
ether. extract. Wash the combined ether extracts with
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 ferricyanide 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 water R, discard the
washings and dry the ether layer over anhydrous sodium
sulfate R. Evaporate the ether on a water-bath under reduced
pressure or in an-atmosphere of nitrogen until a few
millilitres 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
trimethylpentane R and determine the optical rotation.

Calculate the specific optical rotation of the substance in the
test solution using as c the number of grams equivalent to
ce-tocopherol (factor 0.811) in 1000 ml;

TESTS
Absorbance (2.2.25)
Solution 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 niL
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 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 gin 100 mL of 0.25 M alcoholic sulfuric
acid R. Add 20 ml, of waterRand 0.1 mL of a 2.5 gIL
solution of diphenylamine R in sulfuric 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.

1 mL of 0.01 M ammoniumand 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 for
pharmaceutical 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).

Internalstandard solution Dissolve 0.300 g of dotriacontane R
in hexaneR and dilute to 100.0 mLwith 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 niL 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
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.
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Reference solution Weigh 30.0 mg of RRR~-tocopheryl
hydrogen succinate CRS into a 20 mL vial. Add 2.0 mL of
methanolR, 1.0 mL of dimetfwxypropane Rand 0.1 mL of
hydrochloric add 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 mL of the internal standard
solution. Vortex into solution.

Column:
- material: fused silica;
- size: 1=15 m, 0 =0.32 mID;
- stationary phase: poly(dimethyl)siloxane R (film thickness

0.25 1Jll1).

Carrier gas helium for chromatography R.
Flow rate 3-6 mlJmin.
Split ratio 1:10 to 1:20.

Temperature:

______________________ PhEur

Calculate the percentage content of RRR-rt-tocopheryl
hydrogen succinate using the following expression:

STORAGE
Protected from light.

area of the peak due to dotriacontane in the chromatogram
obtained with the reference solution;
corrected area of the peak due to dotriacontane in the
chromatogram obtained with the test solution;
area of the peak due toRRR-a-tocopheryl hydrogen
succinate CRS in the chromatogram obtained with the
reference solution;
area of the peak due to RRR-et.-tocopheryl hydrogen succinate
in the chromatogram obtained with the test solution;
mass of dotriacontane in the test solution and in the reference
solution, in milligrams;
mass of RRR-a-tocopheryl hydrogen succinate CRS in the
reference solution, in milligrams;
mass of the substance to be examined in the test solution, in
milligrams.

100 X ST x mo x RF

s'o(corr) x m

m

S'D

SoxmT
STxmO

200·~ 250

250
300

330

Temperature
eC)

Time
(min)

0-10

10 -20

Column

Injection port

Detector

PhEur _

Tolbutamide

64-77-7270.3

DEFINITION
l-Butyl-3-[(4-methylphenyl)sulfonyl]urea.

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, 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 absorptionspeetrophotometry
(2.2.25).

(Ph. Bur. monograph 0304)

Action and use
Inhibition of ATP-dependent potassium channels
(sulfonylurea); treatment of diabetes mellitus.

Preparation
Tolbutamide Tablets

Measure the areas of the peaks due to RRR~-tocopheryl

hydrogen succinate CRS cSr) and dotriacontane (SD) in the
chromatogram obtained with the reference solution and the
areas of the peaks due to RRR-ex-tocopheryl hydrogen
succinate (S'T) and dotriacontane (S'D) in the
chromatogram obtained with the test solution.

Determine the response factor (RF) for RRR-rt-tocopheryl
hydrogen succinate from the areas of the peaks due to RRR
a-tocopheryl hydrogen succinate CRS and dotriacontane in the
chromatogram obtained with the reference solution, using the
following expression:

Detection Flame ionisation.

Injection 1 IlL; inject directly onto the column or via a glass
lined injection port using an automatic injection device or
some other reproducible injection method.

System suitability Reference solution:
- resolution: minimum 12.0 between the peaks due to

dotriacontane and RRR-cx-tocopheryl hydrogen succinate.

Interference 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 IlL of the solution and record the
chromatogram. If 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(corr) for the
final calculation.

SiD area of the peak due to dotriacontane in the chromatogram
obtained with the test solution;

SI area of the peak with the same retention time as that of the
peak due to dotriacontane in the chromatogram obtained in the
interference test;

S'T area of the peak due to RRR-et.-tocopherylhydrogen succinate
in the chromatogram obtained with the test solution;

Sn area of the peak due to RRR-et.-tocopherylhydrogen succinate
in the chromatogram obtained in the interference test.
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Testsolution (aJ Dissolve 25.0 mg in methanol R and dilute
to 100.0 mL with the same solvent.

Testsolution (b) Dilute 10.0 mL of test solution (a) to
250.0 mL with methanol R.
Spectral range 245-300 nm 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 test solution (b).

Shoulder At 268 nm 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 tolbutamide CRS.
D. To 0.2 g add 8 mL of a 500 gIL solution of sulfuric acidR
and heat under a reflux condenser for 30 min. Allow to cool.
Crystals are formed which, after recrystallisation from hot
waterR and drying at 105°C, melt (2.2.14) at 135°C to
140°C.

TESTS _,-..._
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method lI).

Dissolve 0.2 g in 5mL of dilute sodium hydroxide solution R
and add 5 m.L of waterR.

pH (2.2.3)
4.5 to 5.5.

To 2.0 g add 50 mL of carbon dioxide-free water R 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.

Testsolution Dissolve 50 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 10 mg or toluenesulfonamide R
(impurity A) and 10 mg of toluenesulfonylurea R (impurity B)
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: I =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 J.1ID.).

Mobile phase Mix 35 volumes of acetonitrile Rl and
65 volumes of a 1.36 gIL solution of potassium dihydrogen
phosphate R adjusted to pH 3.5 with phosphoric acidR.

Flow rate 1.5 mIJmin.

Detection Spectrophotometer at 230 nm.
Injection 20 ~L.

Run time 1.5 times the retention time of tolbutamide.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurities A and B.

Relativeretention With reference to tolbutamide (retention
time =about 18 min): impurity B = about 0.2;
impurity A =about 0.3.

System suitability Reference solution (b):

Tolbutamide 11-1171

- resolution: minimum 2.0 between the peaks due to
impuritites A and B.

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 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).

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 a mixture of 20 mL of waterR and
40 mL of ethanol (96 per cent) R. Titrate with 0.1 M sodium
hydroxide, using 1 mL of phenolphthalein solution R as
indicator.

1 mL of 0.1 M sodium hydroxide is equivalent to 27.03 mg of
ClzHlsNz03S.

STORAGE
In an airtight container.

IMPURITIES
Other detectable impurities (thefollowing substances zoould; if
present at a sufficien: leoel, bedetected by oneor otherof the tests
in the monograph. They are limited by thegeneral 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 for pharmaceutical use) A~ B, C.

A. (4-methylphenyl)sulfonamide (toluenesulfonamide),

B. 1-[(4-methylphenyl)sulfonyl]urea (toluenesulfonylurea),

000 0
D

\s: )~ ,N

I
N N
H H

H3C ~

C. l-azepan-l-yl-3- [(4-methylphenyl)sulfonyl]urea
(tolazamide).

____________________ PhEur
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PhEur _

Tolfenamic Acid TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in 5 mL of anhydrous ethanolR and dilute to
50.0 mL with the mobile phase.

Reference solution (a) Dissolve 25.0 mg of 2-chlorobenzoic
acidR (impurity A) and 25.0 mg of 3-ehloro-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 mobile phase.

Reference solution (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.

Column:
- size: l =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped oetadecyls£lyl silica gelfor

chromatography R (5 !JlD.).

Mobile phase glacial acetic acidR, waterfor chromatography R,
anhydrous ethanol R (0.2:35:65 VIVIV).

Flow rate 0.8 mlJmin.

Detection Spectrophotometer at 232 DIn.

Injection 20 J.LL.
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 suitabz1ity Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity A and to impurity B.
Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (0.1 per cent);

- impun'tyB: not more than half the area of the
corresponding peak in the chromatogram obtained with
reference solution (a) (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 (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: 0.1 times the area of the principal peak in
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 ethanol R. Add 0.1 mL of phenolredsolution R and
titrate with 0.1 M sodium hydroxide.

1 mL of 0.1 M sodium hydroxide is equivalent to 26.17 mg of
Cl,J!12CINOz.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

13710-19-5261.7

(Ph. Bur. monograph 2039)

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

DEFINITION
2-(3-Chloro-2-methylanilino)benzoic acid.

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, soluble in dimethylfonnamide,
sparingly soluble in anhydrous ethanol and in methylene
chloride. It dissolves in dilute solutions of alkali hydroxides.

mp
About 213 -c,
IDENTIFICATION
Firstidentification: B.

Second identification: A, C.

A. Dissolve 20 mg in a mixture of 1 volume of 1 M
hydrochloric acid and 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
hydrochloric acid and 99 volumes of methanol R. Examined
between 250 nm and 380 nm (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 nm to that
measured at 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 R and
3 volumes of methylene chloride R and dilute to 10 mL with
the same mixture of solvents.

Reference solution Dissolve 25 mg of tolfenamic acidCRS in a
mixture of 1 volume of methanol Rand 3 volumes of
methylene chloride R and dilute to 10 mL with the same
mixture of solvents.

Plate TLCsilica gel GFZ54 plateR.
Mobile phase glacial acetic acidR, dioxan R, toluene R
(1:25:90 V/V/V).

Application 10 JlL.
Development Over 2/3 of the plate.

Drying In a current ofwann 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.
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Otherdetectable impurities (thefollowing substances toould, if
present at a sufficient leoel, be detected by 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) C.

A. 2-chlorobenzoic acid,

B. 3-chloro-2-methylaniline,

Test solution 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 of N-methyl-m
toluidine R (impurity D) in 50.0 mL of methylene chloride R.

Reference s~lution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with methylene chloride R. Take 2.0 mL of this
solution andextraet 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 (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·mL with
methanol R.
Column:
- size: 1== 0.15 m, (2) =4.6 nun;
- stationary phase: oetadecylsilyl silica gelfor chromatography R

(5 um).

Mobile phase:
- mobile phaseA: trifluoroacetic acidR, methanol R, waterR

(0.1:10:90 VIVIV);
- mobile phaseB: trifiuoroacetic acidR, water R, methanol R

(0.1:10:90 VIV/V);

C. 3-chloro-4-methylacridin-9(10H)-one.
Time
(min)

Mobile phase A
(per cent VIJI)

Mobile phase B
(per cent VIl')

____________________ Ph£ur 0-3

3-8

8 - 20

70

70 ..... 0

o

30

30 ..... 100

100

Ph£ur _

Tolnaftate Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 nm.

Injection 100 fJL of the test solution and reference
solution (b); 10 J,LL of reference solution (c).

Relativeretention With reference to tolnaftate (retention
time = about 15 min): impurity D = about 0.25.

System suitability:
- resolution: minimum 5.0 between the peaks due to

impurity D and tolnaftate in the chromatogram obtained
with reference solution (c);

- symmetry factor. maximum 1.9 for the peak due to
impurity D in the chromatogram obtained with reference
solution (b).

Limit:
- impurityD: not more than the area of the principal peak

in the chromatogram obtained with reference 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 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 methanolR. Dilute 1.0 mL of this solution to
10.0 mL with methanolR.
Reference solution (b) Dissolve 5 mg of tolnaftate for system
suitability CRS (containing resolution component A) in
5.0 mL of methanolR.

Column:
- size: 1= 0.15 m, (2) = 4.6 nun;

2398-96-1307.4

Action and use
Antifungal.

(Ph. Bur. monograph 1158)

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 ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Compamontolnaftate CRS.

TESTS
ImpurityD
Liquid chromatography (2.2.29).

www.webofpharma.com



11-1174 Tolterodine Tartrate 2020

- stationary phase: octadecylsilyl silica gelfor chromatography R
(5 'um).

Mobile phase:
- mobile phase A: trifiuoroacetic acidR, waterR, methanol R

(0.1:30:70 V/V/V);
- mobile phase B: trifiuoroacetic acidR, waterR, methanol R

(0.1:10:90 V/V/V);

Time
(min)

Mobile phase A
(per cent VIfl)

Mobile phase B
(per cent VIfl)

B. O,o-dinaphthalen-2-yl carbonothioate,

0-12

12 - 30

30 - 33

100

100 -> 0

o

o
0-> 100

100

D. N,3-dimethylaniline (N-methyl-m-toluidine).
____________________ PhEur

124937-52-6475.6

(ph. Bur. monograph 2781)

PhEur _

Action and use
Anticholinergic.

Preparations
Tolterodine Prolonged-release Capsules

Tolterodine Tablets

Tolterodine Tartrate

DEFINITION
2-[(lR)-3-[Bis(1-methylethyl)amino]-l-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.

IDENI1FICATION
A. Infrared absorption spectrophotometry (2.2.24).
Comparison tolterodine tartrate CRS.
B. Enantiomeric purity (see Tests).

C. It gives reaction (b) of tartrates (2.3.1).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).
Solution A Dissolve 0.29 g of sodium dihydrogen phosphate
monohydrate R and 0.47 g of disodium hydrogen phosphate
dihydrate R in 1 L of water R. Dissolve 1.04 g of
tetrabutylammonium bromide R in this solution.

Testsolution Dissolve 4.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

A. naphthalen-2-o1 (~-naphthol),

Flow rate 1.0 mIJ min.

Detection Spectrophotometer at 254 nm.

Injection 10 Ili..
Relativeretention With reference to tolnaftate (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: 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).

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)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 50.0 mg in methanol R and dilute to 250.0 mL with
the same solvent. Dilute 2.0 mL of this solution to 50.0 mL
with methanol R. Measure the absorbance (2.2.25) at the
absorption maximum at 257 nm.

Calculate the content of C19H 17NOS taking the specific
absorbance to be 720.

STORAGE
Protected from light.

IMPURITIES
Specified impurities D.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leoel, be detected by one or otherof the tests
in the monograph. They are limited by thegeneral 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 for pharmaceutical use) A, B.
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Reference solution (a) Dissolve 2 mg of tolterodine for system
suitability CRS (containing impurity F) in the mobile phase
and dilute to 50.0 mL with the mobile phase.

Reference solution (b) Dilute 0.5 mL of the test solution to
100.0 mL with the mobile phase.

Column:
- size: I = 0.10 m, 0 =2 mm;
- stationary phase: a.l-acid-gl;ycoprotein silica gelfor chiral

separation R (5 J.I.lU).

Mobzle phase 2-meth(ylpropanol R, solution A (7:93 V/V).

Flow rate 0.2 ml/min.
Detection Spectrophotometer at 220 nm.

Injection 20 J,tL.
Run time 1.5 times the retention time of tolterodine.

Relativeretention With reference to tolterodine (retention
time =about 23 min): impurity F =about 0.9.

System suitability Reference solution (a):
- peak-to-oalley ra~: minimum 2.5, where Hp = height

above the baseline of the peak due to impurity F and
H; =height aboje the baseline of the lowest point of the
curve separating ~this peak from the peak due to
tolterodine.

Calculation of percentage content:
- for impurity F, use the concentration of tolterodine in

reference solution (b).

Limit:
- impurityF: maximum 0.6 per cent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25 mg of the substance to be
examined in 10 mL of methanolRl, sonicate until dissolution
is complete and dilute to 25.0 mL with methanol Rl.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanolRI. Dilute 1.0 mL of this solution
to 10.0 mL with methanolRI.
Reference solution (b) Dissolve 2 mg of tolterodine
impurityE CRS in methanol RI and dilute to 10.0 mL with
methanol Rl. Dilute 1.0 mL of the solution to 20.0 mL with
methanol Rl.

Reference solution (c) Dissolve 25 mg of the substance to be
examined in 10 mL of methanol Rl. Sonicate until dissolution
is complete. Add 5 mL of reference solution (b) and dilute to
25.0 mL with methanolRI.
Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: base-deaaioated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase:
- mobile phaseA: mix 5 volumes of triethylamine R2 and

450 volumes of a 2.88 yjL solution of ammonium
dihydrogen phosphate R; adjust to pH 5.9 with a
50 per cent V/V solution ofphosphoric acidR; add
550 volumes of methatUJI Rl;

- mobile phaseB: methanolRl;

Tolterodine Tartrate 11-1175

Injection 20 J.LL of the test solution and reference
solutions (a) and (c).

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due 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 suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurity E and tolterodine.

Calculation ofpercentage contents:
- for each impurity, use the concentration of tolterodine 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; disregard the peak due to

tartaric acid.

Loss on drying (2.2.32)
Maximum 05 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 gin 30.0 mL of anhydrous acetic acidRand
sonicate until dissolution is complete. 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 47.56 mg of
C2Jf37N0 7 '

IMPURITIES
Specified 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 arelimitedby thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identifythese impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, C, D, E, G.

OH andenantiomer

A. (3RS)-3-(2-methoxy-5-methylphenyl)-3-phenylpropan-1
01,

Time
(min)

0-25

25 -45

Mobile phase A
(per cent VA')

100

100 ~ 80

Mobile phase B
(per cent Vt1')

o
o~ 20

Flow rate 1.5 mL/min.

Detection Spectrophotometer at 220 nm. C. (3RS)-3-(2-methoxy-5-methylphenyl)-N,N-bis(1
methylethyl)-3-phenylpropan-1-amine,
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____________________ PhEur

PhEur _

TESTS
Related substances
Liquid chromatography (2.2.29).

Solution A Dissolve 2.7 g of potassium dihydrogen
phosphate R in 950 mL of waterR, adjust to pH 3.5 with
phosphoric add R and dilute to 1000 mL with water R.
Testsolution 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 vial of
torasemide impurity B CRS in 0.5 mL of methanol R.
Add 0.5 mL of solution A
Column:
- size: l =0.125 m, (2) =4.0 IDID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatographyR (S J.lIIl);
- temperature: 30 "C.
Mobile phase methanol R, solution A (40:60 VIV).

Flow rate 0.8 mUmin.
Detection Spectrophotometer at 288 nm.

Injection 20 ilL.

Run time 2.5 times the retention time of torasemide.

Identification of impurities Use the chromatogram supplied
with torasemide for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, e and D; use the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity E.

Relative retention With reference to torasemide(retention
time =about 10 min): impurity A =about 0.3;
impurity B = about 0.4; impurity e = about 0.5;
impurity E = about 0.7; impurity D = about 2.3.

DEFINITION
1-( l-Methylethyl)-3- [[4- [(3-methylphenyl)amino]pyridin-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 per cent). 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.

56211-40-6

):3 and enantiomer

~ CH3

~):g andenantiomer

N CHg

.,
HgC CHg

348.4

o 0 0 CH3

(X\'.f....N)lN~CH
I H H g

~f
U CHg

2t
OH \. j H

. H.... 19 andenantiomer

I ~ ~ CHg

~

CHg

CHa

E. 4-methyl-2-[(lRS)-3-[(1-methylethyl)amino]-1
phenylpropyl]phenol,

G. 2- [(1R)-3- [bis( 1-methylethyl)amino] -l-phenylpropyl]-4
methylphenol N-oxide.

F. 2-[(1S)-3-[bis(1-methylethyl)amino]-1-phenylpropyl]-4
methylphenol,

D. (3RS)-3-(2-methoxy-5-methylphenyl)-N-(I-methylethyl)
3-phenylpropan-1-amine,

Action and use
Thiazide-like diuretic.

Anhydrous Torasemide

(ph. Bur. monograph 2132)

Torasemide
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System suitability:
- 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;

- impurityB: not more than 5 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- impurities A J CJ DJ B: 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 peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more -than 6 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.6 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
anoven at 105°C for 3 h.

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

ASSAY
Dissolve 0.300 gin 50 mL of anhydrous acetic acidR. 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 34.84 mg
of C16HzoN403S,

STORAGE
Protected from light.

IMPURITIES
Specified impurities A J BJ CJ DJ B.

A. 4-(3-methylphenyl)-2H-pyrido[4,3-e]-1,2,4-thiadiazin-3
(4H)-one 1,1-dioxide,

B. 4-[ (3-methylphenyl)amino]pyridine-3-sulfonamide,

Tosylchloramide Sodium 11-1177

o 0 0
\\/1 A

(XS .... N N/"""-...CHI H H 3

~;:

U CH3

C. l-ethyl-3-[[4-[(3-methylphenyl)amino]pyridin-3-yl]
sulfonyl]urea,

o 0 0

NO:~.:";""NAN~CHI H H 3

~ NH

oU CH3

D. J-butyl- 3-[[4-[(3-methylphenyl)amino]pyridin-3-yl]
sulfonyl]urea,

E. ethyl [[4-[(3-methylphenyl)amino]pyridin-3-yl]sulfonyl]
carbamate.

____________________ PhEur

Tosylchloramide Sodium
(Ph. Bur. monograph 0381)

Action and use
Antiseptic.

PhEur _

DEFINITION
Sodium N-chloro-4-methylbenzene-sulfonimidate trihydrate.

Content
98.0 per cent to 103.0 per cent of C7H7ClNNaOzS,3HzO.

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 mL of solution S add 10 mL of dilute hydrogen
peroxide solution R. A white precipitate is formed which

www.webofpharma.com



11-1178 Tragacanth.

dissolves on heating. Filter the hot solution and allow to
cool. White crystals 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 risk of deflagration.
Dissolve the residue in 10 mL of waterR. 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 solution prepared for identification test C gives
reaction (b) 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 not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2, MethodIl).

pH (2.2.3)
8.0 to 10.0 for solution S.

Ortho compound
To 2 g add 10 mL of waterR, mix, add 1 g of sodium
metabisulfue R and heat to boiling. Cool to 0 °C, filter rapidly
and wash with 3 quantities, each of 5 roL,of iced waterR.
The precipitate, dried over diphosphorus pentoxide R at a
pressure not exceeding 600 Pa, 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 mL of anhydrous ethanol R for 30 min,
filter on a tared filter, wash any residue with 5 mL of
anhydrous ethanolRand dry at 100-105 °C. The residue
weighs a maximum of 20 mg.

ASSAY
Dissolve 0.125 gin 100 mL of waterR in a ground-glass
stoppered flask. Add 1 g ofpotassium iodide Rand 5 mL of
dilute sulfuric acidR. Allow to stand for 3 min. Titrate with
0.1 M sodium thiosulfate, using 1 mL of starch solution R as
indicator.

1 mL of 0.1 M sodium thiosulfate is equivalent to 14.08 mg of
C7H7ClNNa02S,3H20.

STORAGE
In an airtight container, protected from light.
____________________ PhEur

Tragacanth
(Ph. Bur. monograph 0532)

When Powdered Tragacanth is prescribed or demanded,
material complying with the requirements below with the
exception of Identification test A shall be dispensed or
supplied.

9000-65-1
PhEur -'-- _

DEFINITION
Air-hardened, gummy exudate, flowing naturally or obtained
by incision from the trunk and branches of Astragalus
gummijer Labill. and certain other species of Astragalus from
western Asia.

2020

IDENTIFICATION
A. Tragacanth occurs in thin, flattened, ribbon-like, white or
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 contain pieces similar in shape but somewhat thicker,
more opaque and more difficult to fracture.

B. Microscopic examination (2.8.2B). The powder is white or
almost white and forms a mucilaginous gel with about
10 times its mass of waterR. Examine under a microscope
using a SO per cent V/V solution of glycerol R. The powder
shows in the gummy mass numerous stratified cellular
membranes that tum slowly violet when treated with
iodinated zinc chloride solution R. The gummy mass includes
starch grains, isolated or in small groups, usually rounded in
shape and sometimes deformed, with diameters varying
between 4 urn and 10 urn, occasionally up to 20 urn, 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 due to galactose, arabinose and xylose. A faint
yellowish zone at the solvent front and a greyish-green zone
between the zones due to galactose and arabinose may be
present.

D. Moisten 0.5 gofthe powdered herbal drug (355) (2.9.12)
with 1 mL of ethanol (96 per cent) R and add gradually, while
shaking, SO mL of waterR until a homogeneous mucilage is
obtained. To 5 mL of the mucilage add 5 mL of waterR and
2 mL of bariumhydroxide solution R. A slight flocculent
precipitate is formed. Heat on a water-bath for 10 min.
An intense yellow colour develops.

TESTS
Acacia
Thin-layer chromatography (2.2.27).

Test 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 trifluoroacetic acidR, shake vigorously to
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
SO mL flask, add 10 mL of waterR and evaporate the
solution to dryness under reduced pressure. To the resulting
clear :film add 0.1 mL of water Rand 0.9 mL of methanol R.
Centrifuge to separate the amorphous precipitate, collect the
supernatant and, if necessary, dilute to 1 mL with
methanol R.
Reference solution Dissolve 10 mg of arabinose R, 10 mg of
galactose R, 10 mg of rhamnose R and 10 mg of xylose R in
1 mL of waterR and dilute to 10 mL with methanol R.
Plate TLC silica gelplate R.
Mobz7e phase 16 gIL solution of sodium dihydrogen
phosphate R, butanol R, acetone R (10:40:50 V/V/V).
Application 10 JlL as bands.

Development A Over a path of 10 em,

DryingA In a current of warm air for a few minutes.

Development B Over a path of 15 em using the same mobile
phase.

DryingB At 110 °C for 10 min.

Detection Spray with anisaldehyde solution R and dry at
110 °C for 10 min.
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PhEur -

____________________ PhEur

Tramadol Hydrochloride

36282-47-0

and enantiomer , HC)

299.8

Q
:'b

I OH

'-
OCH3

(Ph. Eur. monograph 1681)

IDENflFICATION
First identification: B, D.

Second identification: A~ C) D.
A. Melting point (2.2.14): 180°C to 184 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Comparison tramadol hydrochloride CRS.

C. Chromatograms obtained in the test for impurity E.

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. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in 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 II).

DEFlNITION
(lRS,2RS)-2-[ (Dimethylamino)methyl]-I-(3-methoxyphenyl)
cyclohexanol 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 slightlysoluble
in acetone.

Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).

LABELLING
The label states whether or not the contents are suitable for
preparing emulsions.

Action and use
u-Opioid receptor (OP3, MOR) agonist and noradrenaline
reuptake inhibitor; analgesic.

Preparations
Tramadol Capsules

Tramadol Prolonged-release Capsules

Tramadol Prolonged-release Tablets

Results The chromatogram obtained with the reference
solution shows 4 clearly separated coloured zones due to
galactose (greyish-green or green), arabinose (yellowish
green), xylose (greenish-grey or yellowish-grey) and rhamnose
(yellowish-green), in order of increasing Rp value; the
chromatogram obtained with the test solution does 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 the test for acacia.

Results The chromatogram obtained with the test solution
does not show a red zone near the solvent front.

Sterculia gum
A. Place 0.2 g of the powdered herbal drug (355) (2.9.12) in
a 10 mL ground-glass-stoppered cylinder graduated in

~ 0.1 mL. Add 10 mL of ethanol (60 per cent V/~ 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 arid shake. Add 0.1 mL of methyl red
solution R. Not morethan 5.0 mL of 0.01 M sodium hydroxide
is required to changefhe colour of the indicator.

Foreign matter
Maximum 1.0 per eerit,

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
acidRl. Add a few glass beads about 4 mm in diameter and
heat on a water-bath under a reflux condenser for 3 h,
shaking occasionally..Remove the glass beads and filter the
hot suspension in vacuo through a sintered-glass filter (1~)
(2.1.2). Rinse the flask with a small quantity of waterRand
pass the rinsings through the filter. Wash the residue on the
filter with about 40 mL of methanol R and dry to constant
mass at 110°C (about 1 h). Allow to cool in a desiccator
and weigh. The residue weighs a maximum of 20 mg.

Flow time
Minimum lOs, 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 per cent) R and close the
flask. Disperse the suspension over the inner surface of the
flask by shaking, taking care not to wet the stopper. Open the
flask and add as a single portion 72.0 mL of waterR. Stopper
the flask and shake vigorously for 3 min. Allowto stand for
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
internal diameter and graduated at 20 mm and 120 mm
from the lower end; the tubingmust not be rinsed with
surface-active substances. When the mucilage has reached the
upper mark, close the tube with a finger. Withdraw the
closed tube, remove the finger and measure with a stop
watch the time needed for the meniscus to reach the lower
graduation. Carry out this operation 4 times and determine
the average value of the last 3 determinations.

Total ash (2.4.16)
Maximum 4.0 per cent.

Microbial contamination
TAMC: acceptance criterion 104 CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).
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11-1180 Tramadol Hydrochloride 2020

A. (lRS,2SR)-2-[(dimethylamino)methyl]-I-(3
methoxyphenyl)cyclohexanol,

Detection Spectrophotometer at 270 nm.

Injection 20 ~L.

Run time 4 times the retention time of tramado!.

Relative retention With reference to tramadol (retention
time = about 5 min): impurity A = about 0.85.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and tramado!.

Limits:
- impurity A: 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 ofthe 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)
(0.4 per cent);

- disregard limit'. 0.1 times thearea of the principal peak in
the chromatogram obtained with reference solution (a)
(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 25 mL of anhydrous acetic acidR and add
10 mL of aceticanhydride R. 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 29.98 mg of
Cl~26ClN02·

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A, E.
Other detectable impurities (thefollowing substances would, if
presentat a sufficientlevel, bedetected by one or otherof the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identzJy these impurities for
demonstration of compliance. See also 5.J o. Control of impurities
in substances for pharmaceutical use) B, C, D.

Acidity
To 10 mL of solution S, add 0.2 mL of methyl redsolution 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 colour of the -indicator to yellow.

Optical rotation (2.2.7)
-0.100 to + 0.10 0

, determined on solution S.

Impurity E
Thin-layer chromatography (2.2.27).

Test solution (a) Dissolve 0.10 g in methanol R and dilute to
2 mL with the same solvent.

Test solution (b) Dilute 1 mL oftest solution (a) to 10 mL
with methanolR.

Reference solution (a) Dissolve 25 mg of tramadol
hydrochloride CRS in methanolR and dilute to 5 mL with the
same solvent.

, Reference solution (b) Dissolve 5 mg of tramadol
impurityE CRS in 5 mL of methanolR. Dilute 1 mL of the
solution to 10 mL with methanolR.
Reference solution (c) Dissolve 5mg of tramadol
impurityA CRS in 1 mL of reference solution (a).

Plate TLC silica gelFZ54 plate R, prewashed with methanolR.

Mobile phase concentrated ammonia R, 2-propanol R, toluene R
(1:19:80 V/V/V).

Application 10 J.lL.
Development Over 2/3 of the plate. Saturate the plate for
20 min with concentrated ammonia R. For this, add
concentrated ammonia R to one trough of a twin trough tank.
Just before developing, add the mobile phase to the other
trough. Place the plate in the chromatographic tank, ensuring
that the layer of silica gel is orientated towards the middle of
the tank.

Drying In air.

Detection Expose the plate to iodine vapour for 1 h,
examine in ultraviolet light at 254 nm.

System suitabzlity The chromatogram obtained with
reference solution (c) shows 2 clearly separated spots.

Limit Test solution (a):
- impurityE: any spot corresponding to impurity E is not

more intense and not greater than the spot in the
chromatogram obtained with reference solution (b)
(0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.15 g of the substance to be
examined in the mobile phase and dilute to 100 mL with the
mobile phase.

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 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of tramadol
impurityA CRS in 4.0 mL of the test solution and dilute to
100 mL with the mobile phase.

Column:
- size: 1=0.25 m, 0 =4.0 mID;
- stationary phase: end-capped base-deactivated octylsilyl silica

gelfor chromatography R (5 urn).

Mobile phase 295 volumes of acetonitrile Rand 705 volumes
of a mixture of 0.2 mL of trifluoroacetic acidRand 100 mL of
waterR.

Flow rate 1.0 mlJmin.

HaC'N;CHa

l

QH.DI OH
~

OCH3

andenantiomer
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E. (2RS)-2-[ (dimethylamino)methyl] cyc1ohexanone.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
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
Solution S
Dissolve 2.5 g in carbon dioxide-free water R and dilute to
50 mL with the same solvent.

Appearanceofswution
Solution S is dear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method11).

pH (2.2.3)
4.9 to 6.3 for solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in a mixture of 50 volumes of acetonitrile R and
50 volumes of water R and dilute to 50.0 mL with the same
mixture of solvents.

Reference solution (a) Dissolve 5.0 mg of tramazoline
impurity A CRS and 5.0 mg of rramazoline impurity B CRS in
5 mL of a mixture of 50 volumes of acetonitrile R and
50 volumes of waterR and add 5 mL of the test solution.

Reference solution (b) Dilute 0.2 m.Lof reference solution (a)
to 100 mL with a mixture of 50 volumes of acetonitrile Rand
50 volumes of water R.
Column:
- size: l =0.125 m, 0 =4 mm,
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 um).

Moulle phase 2.0 gIL solution of sodium dodecyl sulfate R in a
mixture of 6 volumes of 2-propanol R, 42 volumes of
acetonitrile Rand 52 volumes of'waterR.
Flow rate 1.2 mlJmin.

Detection Spectrophotometer at 215 nm.

Injection 5 J,JL.
. Run time 3 times the retention time of tramazoline.

Relativeretention With reference to tramazoline (retention
time =about 6.5 min): impurity A =about 0.71;
impurity B = about 0.86.

System suitahz7ity Reference solution (a):
- the chromatogram obtained shows 3 clearly separated

peaks,
- resolution: minimum 1.5 between tramazoline and

impurity B.

Limits:
- impurity A: not more than 3 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (0.3 per cent),

- impurity B: not more than 3 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (b) (0.3 per cent),

- any other impurity: not more than the area of the peak due
to impurity B in the chromatogram obtained with
reference solution (b) (0.1 per cent),

74195-73-6

, Hel. H20

and enantiomer

and enantiomer

269.8

~$
OH

(~j1)UN N
H H

Action and use
Alpha-adrenoceptor agonist.

DEFINITION
N-(5,6, 7,8-Tetrahydronaphthalen-1-yl)-4,5-dihydro-1H
imidazol-2-amine hydrochloride monohydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

H3C'~

"'IN and enantiomer

o

PhEur _

C. (lRS)-[2-(3-m~thoxyphenyl)cyclohex-2-enyl]-N,N

dimethylmethanamine,

B. [2-(3-methoxyphenyl)cyclohex-1-enyl]-N,N
dimethylmethanamine,

D. (lRS,2RS)-2-[(dimethylamino)methyl]-1-(3
hydroxyphenyl)cyclohexanol,

Tramazoline Hydrochloride
Monohydrate
(Ph. Bur. monograph 1597)

____________________ PhEur
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11-1182 Trandolapril

- sum of other impurities: 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 (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 2.000 g in a mixture of 5 mL of 0.1 M hydrochloric
acidand 75 mL of ethanol (96 per cent) R. Carry out a
potentiometric titration (2.2.20) using 1 M sodium hydroxide.
Read the volume added between the 2 points of inflexion.

1 mL of 1 M sodiumhydroxide is equivalent to 251.8 mg
of C13H1SCIN3 •

IMPURITIES

A. N-(naphthalen-1-yl)-4,5-dihydro-1H-imidazol-2-amine,

ID CH, a
C(N~NJ(

l...;NH

and isomer (Z)

B. mixture of 1-acetyl-N-(5,6,7,8-tetrahydronaphthalen-I-yl)
4,5-dihydro-1H-imidazol-2-amine and I-[(EZ)-I
[(5,6,7,8-tetrahydronaphthalen-1-yl)imino]ethyl]
imidazolidin-2-one.

____________________ PhEur

Trandolapril
(Ph. Bur. monograph 2245)

2020

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

CHARACTE;RS
Appearance
White or ahnost white powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, sparingly soluble in anhydrous ethanol.

IDENTIFICATION
A. Specific optical 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, MethodII).

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).

Test solution Dissolve 25 mg of the substance to be
examined in mobile phase A and dilute to 10.0 mL with
mobile phase A.

Reference solution (a) Dilute 1.0 mL ofthe 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 (bJ Dissolve 5 mg of trandolapril
impurityC CRS and 5 mg of trandolapril impurityD 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: 1= 0.15 m, 0 = 4.6 mID;
- stationary phase: end-capped polar-embedded octadecylsilyl

amorphous organosz1ica polymer R (3.5 urn);
- temperature: 40°C.

Mobz1e phase:
- mobile phaseA: mix 25 volumes of acetonitrile Rl and

75 volumes of a 6.8 g/L solution of potassium dihydrogen
phosphate R previously adjusted to pH 2.5 ±0.1 with
phosphoric acidR;

- mobile phase B: mix equal volumes of acetonitrile Rl and a
6.8 gIL solution of potassium dihydrogen phosphate R
previously adjusted to pH 2.2 ± 0.1 with phosphoric
acidR;

PhEur _

DEFINITION
(2S,3aR,7as)-l-[(2S)-2-[[(2S)-I-Ethoxy-1-oxo-4
phenylbutan-2-yl] amino]propanoyl]octahydro-1H-indole-2
carboxylic acid.

430.5

Action and use
Angiotensin converting enzyme inhibitor.

Preparation
Trandolapril Capsules

87679-37-6

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-20 95 5

20 - 35 95 ...... 5 5 ...... 95

35 - 45 5 95

Flow rate 1.3 mUmin.

Detection Spectrophotometer at 210 nm.

Injection 20 j.tL.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities C and D.

www.webofpharma.com
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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 factor. for the calculation of content, multiply the

peak area of impurity C by 2.2;
- impurity 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 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 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:D.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.

ASSAY
Dissolve 0.300 gin 50 mL of anhydrous acetic 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 43.05 mg
of C2~34N205'

STORAGE
Protected from light.

IMPURITIES
Specified impurities C, D.
Other detectable impurities (the following substances 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 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 pharmaceutical use) A, B, E, F.

A. (2S,3aR,7aS)-1-[(2S)-2-[[(2S)-1-methoxy-1-oxo-4
phenylbutan-2-yl] amino]propanoyl]octahydro-lH-indole
2-carboxylic acid (methyl ester derivative),

Trandolapril 11-1183

B. (2S,3aR,7aS)-1,.[(2S)-2-[[(2S)-1-oxo-4-phenyl-1-[(propan
2-yl) oxy]butan-2-yl] amino]propanoyl]octahydro-1H
indole-2-carboxylic acid (isopropyl ester derivative),

C. (2S,3aR,7aS)-1-[(2S)-2-[[(2S)-4-cydohexyl-1-ethoxy-1
oxobutan-2-yl]amino]propanoyl]octahydro-1H-indole-2
carboxylic acid (hexahydrotrandolapril),

D. ethyl (2S)-2-[(3S,5aS,9aR,10aS)-3-methyl-1,4
dioxodecahydropyrazino [1,2-a] indol-2(1H)-yl]-4
phenylbutanoate (trandolapril diketopiperazine),

E. (2S,3aR,7aS)-1-[(2S)-2-[[(1S)-1-carboxy-3
phenylpropyl] amino]propanoyl]octahydro-lH-indole-2
carboxylic acid (trandolaprilate),

F. (2R,3aR,7aS)-1-[(2S)-2-[[(2S)-1-ethoxy-1-oxo-4
phenylbutan-2-yl] amino]propanoyl] octahydro-1H-indole
2-carboxylic acid.

____________________ PhEur
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PhEur _

Tranexamic Acid

DEFINITION
trans-4-(Aminomethyl)cyclohexanecarboxylic acid.

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 glacial acetic acid, practically
insoluble in acetone and in ethanol (96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Preparation Discs.

Comparison tranexamic acidCRS.

TESTS
pH (2.2.3)
7.0 to 8.0.

Dissolve 2.5 g in carbon dioxide-free water R and dilute to
50 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).
Testsolution Dissolve 0.20 g of the substance to be
examined in waterR and dilute to 20.0 mL with the same
solvent.

Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with waterR. Dilute 1.0 mL of this solution to
10.0 mL with waterR.

Reference solution (b) Dissolve 20 mg of tranexamic add CRS
(containing impurity C) in waterR and dilute to 2 mL with
the same solvent.

Reference solution (c) Dissolve 12 mg of 4-aminomethylbenzou:
add R (impurity D) in water R and dilute to 100 mL with
the same solvent. Dilute 1 mL of the solution to 50 mL with
waterR. Dilute 5 mL of this solution to 200 mL with
waterR.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm or 1= 0.25 m,

0= 6.0 mrn;
- stationary phase: octadecy/silyl silica gelfor chromatography R

(5 urn),

Mobz7e phase Dissolve 11.0 g of anhydrous sodium dihydrogen
phosphate R in 500 mL of waterR and add 5 mL of .
triethylamine Rand 1.4 g of sodium laurilsulfate R. Adjust to
pH 2.5 with dilute phosphoric acidR and dilute to 600 mL
with waterR. Add 400 mL of methanol R and mix.

Flowrate 0.9 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 20 J.LL.
Run time 3 times the retention time of tranexamic acid.

Identification of impurities Use the chromatogram supplied
with tranexamic add CRS and the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity C; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity D.

Relativeretention With reference to tranexamic acid
(retention time = about 13 min): impurity C = about 1.1;
impurity D =about 1.3; impurity B =about 1.5;
impurity A = about 2.1.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

tranexamic acid and impurity C.

Limits:
- correction factors: for the calculation ofcontent, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B =1.2;
impurity C = 0.005; impurity D = 0.006;

- impurityA: not more than 0.2 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- impurityB: not more than 0.4 times 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
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- sum of unspecified impurities: not more than 0.4 times the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.2 per cent);

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

Halides expressed as chlorides (2.4.4)
Maximum 140 ppm.
Dissolve 1.2 g in waterR 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.

ASSAY
Dissolve 0.140 gin 20 mL of anhydrous acetic add R. 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 15.72 mg of
CSH1SNOz·

IMPURITIES
Specified impurities A, B.
Otherdetectable impurities (thefollowing 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

1197-18-8157.2

(Ph. Bur. monograph 0875)

Action and use
Antifibrinolytic.

Preparations
Tranexamic Acid Injection

Tranexamic Acid Mouthwash

Tranexamic Acid Tablets
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____________________ PhEur
D. 4-aminomethylbenzoic acid.

Soluble in water; very slightly soluble in ethanol (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 for gas chromatography,
Appendix m B, using the following solutions in solution A.

Dissolve 10 mg of 4-chloroaniline (internal standard) in
sufficient O.IM hydrochloric acid to produce 20 mL
(solution A).

(1) Add 5 mL of 1M sodium hydroxide to 1 mL of solution A,
extract with 10 mL of dichloromethane, add 1 mL of
trifluoroacetic 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 20° 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
10 mL of dichloromethane, add 1·mL of trifiuoroacetic
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 20° and
dissolve the residue in 2 mL of dichloromethane.

(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 5M sodium
hydroxide, extract with 10 mL of dichloromethane, add 1 mL
of trifiuoroacetic 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 20° and dissolve the residue in 2 mL of dichloromethane.

CHROMATOGRAPHIC CONDITIONS

(a) Use a glass column (1.5 m x 4 mm) packed with acid
toashed, silanised diatomaceous support (100 to 120 mesh)
coated with 3% w/w of cyanopropylmethylphenyl methyl
silicone fluid (OV-225 is suitable).

(b) Use helium as the carrier gas at 1.7 mL per minute.

(c) Use isothermal conditions maintained at 170°.

UMITS

In the chromatogram obtained with solution (3), the area of
any secondary peak is not greater than that of the peak due to
the trifluoracetyl derivative of 4-chloroaniline (0.5%).

Loss on drying
When dried to constant weight at 105°, 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 titration,
Appendix vm A, using 0.3 g and determining the end point
potentiometrically. Each mL of O.lM perchloric acid VS is
equivalent to 36.45 mg of (C9HllN)z,HzS04.

13492-01-8

2

o
~N2

and enantiomer

Action and use
Monoamine oxidase inhibitor; antidepressant.

Preparation
Tranylcypromine Tablets

C. (RS)-4-(aminomethyl)cyc1ohex-l-enecarboxylic acid,

DEFINITION
Tranylcypromine Sulfate is (IRS,2SR)-2
phenylcyc1opropylamine sulfate. It contains not less than
98.0% and not more than 101.0% of (CgHuN)z,Hz S04,
calculated with reference to the dried substance.

Tranylcypromine Sulfate

B. cis-4-(aminome~~r1)cyc1ohexanecarboxylic acid,

-~ co H

H2

N

Qand enannomer

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 forpharmaceutical use) C~ D.

H H

H02C-h H r-'\C02H

~N,-••t-J
H H

A. trans,trans-4,4'-(iminodimethylene)di
(cyc1ohexanecarboxylic) acid,

CHARACTERISTICS
A white or almost white, crystalline powder.

www.webofpharma.com



11-1186 Trapidil 2020

PhEur _

f
OHN _

N

~ ""')
HaC NAN

A. 5-methyl-[1,2,4]triazolo[1,5-a]pyrimidin-7-ol,

Mobz1e 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 water R.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 10 IlL.
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:
- impurity 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 obtained with reference solution (b)
(0.1 per cent),

-. any other 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: 0.1 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 w(JfIIer R and dilute to 15 mL
with waterR. Prepare the standard using 5 mL of chloride
standard solution (5 ppm Cl) R.

Ammonium (2.4.1)
Maximum 20 ppm.

0.50 g complies with limit test A. Prepare the standard using
0.1 mL of ammonium standard solution (l00 ppm NH-J R.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 DC for 3 h.

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

ASSAY
Dissolve 0.180 gin 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 rnL of 0.1 M perchloric acidis equivalent to 20.53 mg of
ClOH1SNs.

STORAGE
Protected from light.

IMPURITIES

15421-84-8205.3

Action and use
Antiplatelet agent; vasodilator.

(Ph. Bur. monograph 1576)

Trapidil

DEFINITION
N,N-Diethyl-5-methyl-[1,2,4]triazolo[I,5-a]pyrimidin-7
amine.

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, soluble in ethanol and in methylene
chloride.

mp
About 102 DC.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison trapidil CRS.

TESTS
Solution S
Dissolve 2.0 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 Il)~

Acidity or alkalinity
To 10 mL of solution S add 0.2 mL of methylredsolution R
and 0.2 mL of 0.01 M hydrochloric acid. The solution is red.
Add 0.4 mL of 0.01 M sodium hydroxide. The solutionis
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 mobile phase.

Reference solution (a) Dissolve 5.0 mg of trapidil
impurityA CRS in the mobile phase 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.

Reference solution (b) Dissolve 5.0 mg of trapidil
impurityB CRS in the mobile phase 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.

Reference solution (c) Mix equal volumes of reference
solution (a) and reference solution (b).

Column:
- size: l = 0.125 m, 0 = 4.0 mm,
- stationary phase: base-deactivated oetadecylst1yl silica gelfor

chromatography R (5 um),

www.webofpharma.com
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____________________ PhEur

B. 1,2,4-triazol-3-amine.

Related substances
Carry out theprocedures protected from light. The combined
nominal total content of impurities determined in tests A
and B below is not more than 1.0% and no single unknown
impurity is more than 0.1%.

A. Carry out the. method for liquid chromatography,
Appendix ill D, using the following solutions in the mobile
phase.

(1) 0.1% w/v of the substance being examined.

(2) 0.0001% w/v of the substance being examined.

(3) 0.00005% w/v of the substance being examined.

(4) 0.1% w/v of trazodone hydrochloride
impurity standardBPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 ern x 4.6 mm) packed
with octadecylsilyl silica gelfor chromatography (5 j.lII1) (Waters
XTerra RP18 or Phenomenex Prodigy are suitable).

(b) Use isocratic elution and the 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 nrn.

(t) Inject 20 J.1L of each solution.

(g) For solution (1), allow the chromatography to proceed
for 3 times the retention time of the principal peak.

MOBILE PHASE

0.4 volumes of diethylamine, 350 volumes of acetonitrile and
650 volumes of water. If necessary, adjust the proportions of
acetonitrile anti waterin the mobile phase to obtain a retention
time of about 10 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
impurity C and trazodone is at least 2.5.

LIMITS

In the chromatogram obtained with solution (1):

the area of any peak corresponding to impurity D, identified
from reference chromatogram A supplied with trazodone
hydrochloride impurity standard BPCRS, is not greater than
3 times the area of the principal peak in the chromatogram
obtained with solution (2) (0.3%);

the area of any other secondary peak with a retention time of
less than or equal to impurity E, identified from reference
chromatogram A supplied with trazodone hydrochloride
impurity standard BPCRS, is not greater than the area of the
principal peak in the chromatogram obtained with solution
(2) (0.1%).

Disregard any peak with an area less than that of the
principal peak in the chromatogram obtained with solution
(3) (0.05%).

B. Carry out the method for liquid chromatography,
Appendix III D, using the following solutions in the mobile
phase.

(1) 0.1% w/v of the substance being examined.

(2) 0.0001 % w/v of the substance being examined.

(3) 0.00005% w/v of the substance being examined.

(4) 0.1% w/v of trazodone hydrochloride
impurity standard BPCRS.

25332-39-2408.3

PRODUCIlON
The method of manufacture is such that the level of
impurity F, I-(3-chloropropyl)-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.

IDENTIFICATION
A. The infraredabsorption spectrum, Appendix II A, is
concordant with the reference spectrum of trazodone
hydrochloride (RS 346). In the preparation of the disc, avoid
excessive grinding when triturating the substance being
examined with 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-Chloroaniline
To 10 mL of a 1% w/v solution of the substance being
examined in a mixture of equal volumes of water and ethanol
add 2 mL of a freshly prepared 5% w/v solution of
4-dimethylaminobenzaldehyde in ethanoland 0.1 mL of
hydrochloric acid. Shake well and allow to stand for 5 minutes.
Any yellow colour produced at 5 minutes from the
preparation of the solution is not more intense than that
produced by treating at the same time and in the same
manner 10 mL of a 1 j.lg per mL solution of 3-chloroaniline in
a mixture of equal volumes of water and ethanol beginning at
the words 'add 2 mL ... ' (100 ppm).

Trazodone Hydrochloride

U 0
N ~N rN~CI
)-N~N~

o ,HCI

DEFINITION
Trazodone Hydrochloride is 2,3-[4-(3-chloro)
phenylpiperazin-l-yl]propyl-I,2,4-triazolo[4,3-a]pyridin-3
(2H)-one hydrochloride. It contains not less than 99.0% and
not more than 101.0% of C19H22CINsO,HCI, calculated
with reference to the dried substance.

Action and use ja,

Monoamine reuptake inhibitor; antidepressant.

Preparations
Trazodone Capsules .

Trazodone TabletS'

www.webofpharma.com
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CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 cm x 4.6 mm) packed
with oetadecylsilyl silica gelfor chromatography (5 urn) (Waters
XTerra RP18 or Phenomenex Prodigy are suitable).

(b) Use isocratic elution and the mobile phase described
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 nm.
(f) Inject 20 J.lL 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 acetonitrile and waterin the mobile phase to
obtain a 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.

UMITS

In the chromatogram obtained with solution (1):

the area of any secondary peak with a retention time longer
than that of impurity E identified from reference
chromatogram B, supplied with trazodone hydrochloride
impuritystandard BPCRS, is not greater than the area of the
principal peak in the chromatogram obtained with solution
(2) (0.1%).

Disregard any peak with an area less than that of the
principal peak in the chromatogram obtained with solution
(3) (0.05%).

Loss on drying
When dried to constant weight 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%, Appendix IX A.

ASSAY
Cany out the procedure protected from light.
Carry out the method for liquidchromatography,
Appendix III D, using the following solutions in the mobile
phase.

(1) 0.01% w/v of the substance being examined.

(2) 0.01 % w/v of trazodone hydrochloride BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 rom) packed
with oaylsilylsilica gelfor chromatography (5 urn) (Spherisorb
C8 is suitable).

(b) Use isocratic elution and the mobile phase described
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.
(t) Inject 20 ul. 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

2020

10% v/v orthophosphoric acidor 1M sodium hydroxide, and
60 volumes of methanol.

DETERMINATION OF CONTENT

Calculate the content of CI9H22CINSO,HO in the substance
being examined using the declared content of C19H22CINSO,
HCI uitrazodone hydrochloride BPCRS.

STORAGE
Trazodone Hydrochloride should be kept in an airtight
container and protected from light.

IMPURITIES

A. 4-(3-chlorophenyl)-1-[3-(3-oxo-2,3-dihydro-1,2,4-triazolo
[4,3-a]pyridin-2-yl)propyl]piperazine Nl-oxide

B. 2-[3-(4-phenylpiperazin-1-yl)propyl]-1,2,4-triazolo [4,3-a]
pyridin-3(2H)-one

A ~CI

IN),,N rN~
)--N~NJ

o

C. 2-3- [4-(4-chlorophenyl)piperazin-1-yl]propyl-1,2,4-triazolo
[4,3-a]pyridin-3(2H)-one

D.2-3-[4-(3-bromophenyl)piperazin-1-yl]propyl-1,2,4
triazolo [4,3-a] pyridin-3(2H)-one

Cl ~Et

IN "N rN~CI
)--N~NJ

o

E. 2-3-[4-(3-chloro-4-ethylphenyl)piperazin-l-yl]propyl
1,2,4-triazolo[4,3-a]pyridin-3(2H)-one

o
rN~CI

CI~NJ

F. 1-(3-chloropropyl)-3chlorophenylpiperazine
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G. 3-[4-(3-chlorophenyl)piperazin-l-yl]propyl isobutyl ether

H. 1,3-bis- [4-(3-ehlorophenyl)piperazin-l-yl]propane

(ph. Bur. mon:qgraph 2297)

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distilled waterR 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).

pH (2.2.3)
4.5 to 6.5 for solution S.

Specific optical rotation (2.2.7)
+ 197 to + 201 (anhydrous substance), 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 10.0 mL with the same
solvent.

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 waterR.

Reference solution (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 waterR, add
2.5 mL of reference solution (a) and dilute to 10.0 mL with
waterR.
Column:
- size: I = 0.3 m, (2) = 8 nun;
- stationary phase: strong cation-exchange resin (sodium

form) R (6 JlII1);
- temperature: 80°C.

Mobile phase water R.
Flow rate 0.4 mUmin.

Detection Refractometer maintained at 40 "C.

Injection 20 J.LL of the test solution and r.eference
solutions (b), (c) and (d).

Run time Twice the retention time of trehalose.

Identification of impurities Use the chromatogram obtained
with reference solution (d) to identify the peaks due to
impurities A and B; impurity B has the same. retention time
as maltotriose.

Relativeretention With reference to trehalose (retention
time =about 15 min): impurity B =about 0.9;
impurity A =about 1.2.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the 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 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 (c) (0.2 per cent);

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

6138-23-4378.3ClzH2201 b 2H20
PhEur _

HO

HO~OH

OH

HO 0
OH

DEFINITION
cx-D-Glucopyranosyl c-o-glucopyranoside dihydrate (cx,et
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 waterR. To 1 mL of this solution
add 0.4 mL of a 50 gIL solution of rx-naphthol R in ethanol
(96 per cent) R and mix thoroughly. Carefully add 2 mL of
sulfuric acidR. A violet colour develops at the interface.

e. Dissolve 1 g in 25 mL of waterR. To 2 mL of this
solution add 1 mL of dilutehydrochloric acidR and mix. Keep
the solution for 20 min at room temperature. Add 4 mL of a
40 gIL solution of sodium hydroxide R and 2 mL of a 40 gIL
solution of glycine R and mix. Heat the solution in a water
bath for 10 min..No brown colour develops.

r-
Me rN~CI

Me~O~N~

Trehalose Dihydrate
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____________________ PhEur

302-79-4

HO HO~. 0

o . OH

OH HO

OH

HO 0

OH

300.4

HO

HO~OH~O0 OH +

OH· OH

HO 0 0

OH OH

(Ph. Eur. monograph 0693)

Action and use
Vitamin A analogue. (retinoid); treatment of acne.

Preparations
Tretinoin Gel

Tretinoin Solution

Tretinoin, Hydrocortisone and Hydroquinone Cream

Ph Eur ---'--'-- _

Tretinoin

B. oligosaccharides, mainly glucosyltrehalose: mixture of ct-O
glucopyranosyl ct-o-glucopyranosyl-(l ~4)-ct-D
glucopyranoside (4-0-glucosyltrehalose or e-n-maltosyl
e-n-glucoside) and ct-o-glucopyranosyl-(l ~6)-ct-D
glucopyranosyl e-n-glucopyranoside (6-0
glucosyltrehalose or «-n-isomalrosyl ce-n-glucoside).

DEFINITION
(2E,4E,6E,8E)-3,7-Dimethyl-9-(2,6,6-trimethylcydohex-l
enyl)nona-2,4,6,8-tetraenoic acid.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow or light orange, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in 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.

Carry out all operations as rapidly as possible and avoidexposure
to actinic light; usefreshly prepared solutions.

IDENTIFICATION
Firstidentification: A.

Second idemificauon: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison tretinoin CRS.
B. Thin-layer chromatography (2.2.27).

A. D-glucopyranose (glucose),

HO~O, OH

H~
OH

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference 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 waterR.

Soluble starch
Dissolve 1 g in 10 mL of waterR. Add 0.1 mL of iodine
solution R1. 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 per cent, determined on 1.0 g.

Microbial contamination
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 102 CFU/g (2.6.12).
Ifnot intended for use in the manufacture of parenteral
preparations:
- TAMC: 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 ofSalmonella (2.6.13).

Bacterialendotoxins (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 100 gIL or less of trehalose dihydrate;
-less than 2.5 IU/g for parenteral preparations having a

concentration of more than 100 gIL of trehalose
dihydrate.

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 trehalose from the
declared content of trehalose dihydrate CRS.

LABELLING
The label states:
- where applicable, the maximum concentration of bacterial

endotoxins;
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES
Specified impurities A, B.
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Testsolution 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 tretinoin CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.

Plate TLC silica gel GFZ54 plateR.
Mobile phase glacial acetic acidR, acetone R, peroxide-free
ether R, cyclohexane R (2:4:40:54 V/V/V/V).

Applt"cation 5 ilL.
Development 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 and size to the
principal spot in the chromatogram obtained with the
reference solution.

C. Dissolve abouts.mg in 2 mL of antimony trichloride
solution R. An intense red colour develops and later becomes
violet.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in methanolR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dissolve 10.0 mg of isotretinoin CRS
(impurity A) in methanol R and dilute to 10.0 mL with the
same solvent.

Reference solution (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: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3 1JlIl).

Mobile phase glacial acetic acidR, water R, methanol R
(5:225:770 V/V/V).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 355 11m.

Injection 10 IlL.
Run time 1.2 times the retention time of tretinoin.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A.

Relativeretention With reference to tretinoin (retention
time =about 29 min): impurity A =about 0.75.

System suitabz7ity Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and tretinoin.

Limits:
- impurityA: 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
0.4 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.2 per cent);

Tretinoin IT-1191

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (c)
(1.0 per cent);

- disregard limit: 0.1 times the area ofth.e principal peak in
the chromatogram obtained with reference solution (c)
(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.

Loss on drying (2.2.32)
Maximum 0.5 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 gin 70 mL of acetone R. Titrate with 0.1 M
tetrabutylammonium hydroxide in 2-propa:nol~ determining the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M tetrabutylammonium hydroxide in 2-propanol is
equivalent to 30.04 mg of CzoHzsOz.

STORAGE
Under an inert gas, in an airtight container, protected from
light.

It is recommended that the contents of an opened container
be used as soon as possible and any unused part be protected
by an atmosphere of inert gas.

IMPURITIES
Specified impurities A.
Other detectable impurities (the following substances 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. 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, C, D, F;, G.

A. (2Z,4E,6E,8E)-3,7 -dimethyl-9-(2,6;,6-ttimethylcyclohex-l
enyl)nona-2,4,6,8-tetraenoic acid (isotretinoin),

B. (2Z,4E,6Z,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-l
enyl)nona-2,4,6,8-tetraenoic acid (9,13-di-ciS-retinoic
acid),

H~ COH

U CH3 H3C~ 2

C. (2Z,4Z,6E,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-l
enyl)nona-2,4,6,8-tetraenoic acid (11,13-di-cis-retinoic
acid),
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"&\
C02H

D. (2E,4E,6Z,8E)-3,7-dimethyl-9-(2,6,6-trlmethylcyc1ohex-l
enyl)nona-2,4,6,8-tetraenoic acid (9-czS-retinoic acid),

H3c)c:CCH
3~C02H

.I· and enantiomer

• CH3

H OCH3

, F. (2E,4E,6E,8E)-9-[(3RS)-3-methoxy-2,6,6
trimethylcyclohex-l-enyl]-3,7-dimethylnona-2,4,6,8
tetraenoic acid (rac-4-methoxytretinoin),

H3C CH3 CH3 CH3

O
-~C02H

~ 0 . and enantiomer

'CH 3

G. (2E,4E,6E,8E)-3,7-dimethyl-9-(2,2,6-triInethyl-7
oxabicyc1o[4. LO]hept-1-yl)nona-2,4,6,8-tetraenoic acid
(rac-5,6-epoxytretinoin).

____________________ PhEur

Triacetin
(Ph. Eur. monograph 1106)

2020

TESTS
Appearance
It is clear (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2, Method 11).

Acidity
Dissolve 5.00 gin 25 mL of anhydrous ethanol R, previously
neutralised to 0.2 mL of phenolphthalein solution R and add
0.20 mL of 0.1 M sodiumhydroxide. 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 ginto a 250 mL borosilicate glass flask
fitted with a reflux condenser. Add 25.0 mL of 0.5 M
alcoholic potassium hydroxide and a few glass beads. Attach
the condenser and heat under reflux for 30 min. Add 1 mL
of phenolphthalein solution R1 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 potassium hydroxide is equivalent
to 36.37 mgof C9H 140 6 •

STORAGE
In a well-filled container.
____________________ PhEur

Triamcinolone

218.2 102-76-1

(ph. Eur. monograph 1376)

o

Action and use
Antifungal.

394.4 124-94-7

PhEur _~ --'-- _

DEFINITION
Propane-1,2,3-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.
IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of triacetin.

Action and use
Glucocorticoid.

Preparation
Triamcinolone Tablets

PhEur _

DEFINITION
9-Fluoro-l1~,16a:,17,21-tetrahydroxypregna-1,4-diene-3,20
dione.

Content
97.0 per cent to 103.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in methanol,
practically insoluble in methylene chloride.
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A. 9-fluoro-llB,17-dihydroxy-3,20-dioxopregna-l,4-diene
16<x,21-diyl diacetate (triamcinolone 16,21-diacetate),

B. 9-fluoro-l1B,16<x,17-trihydroxy-3,20-dioxopregna-l,4
dien-21-yl acetate (triamcinolone 21-acetate),

waterR and allow to equilibrate; adjust the volume to
1000 mL with waterR and mix again.

Flow rate 1 mUmin.
Detection Spectrophotometer set at 238 om.
Injection 20 J.LL.
Run time 4.5 times the retention time of triamcinolone.

Retention time Triamcinolone =about 11 min.

Systemsuitability Reference solution (a):
- resolution: minimum of 1.8 between the peaks due to

triamcinolone and to impurity C.

Limits:
- any impun'ty: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(1 per cent) and not more than 2 suchpeaks have an area
greater than half the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.5 per cent),

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(2 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).

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.500 g.

ASSAY
Prepare the solutions immediately before use and protect from light.

Dissolve 50.0 mg in alcohol R and dilute to 50.0 mL with the
same solvent. Dilute 2.0 mL of the solution to 100.0 mL
with alcohol R. Measure the absorbance (2.2.25) at the
maximum at 238 nm.

Calculate the content of CZIHz7F06 taking the specific
absorbance to be 389.

STORAGE
Protected from light.

IMPURITIES

o

o

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 useand protect from light.- Examine theplate
under ultraviolet 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.

Reference solution (b) Dissolve 10 mg of dexamethasone CRS
in reference solution (a) and dilute to 10 mLwith the same
solution. ,~-

Plate TLC silica gel FZ54 plateR.
Mobilephase Add-a mixture of 1.2 volumes of waterR and
8 volumes of methanol R to a mixture of 15 volumes of
etherRand 77 volumes of methylene chloride R.
Application 5 J.LL.
Development Over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 om.
System suitability The chromatogram obtained with
reference solution (b) 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).

TESTS
Specific optical rotation (2.2.7)
+ 65 to + 72 (anhydrous substance).

Dissolve 0.100 gin dimethylformamide R and dilute to
10.0 mL with the same solvent.

Related substances
liquid chromatography (2.2.29). Prepare 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 R and
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 waterR and dilute to
100.0 mL with the same mixture of solvents.

Reference solution (b) Dilute 1.0 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: I = 0.25 m, 0 = 4.6 mm,
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn),

Mobilephase A mixture prepared as follows: in a 1000 mL
volumetric flask mix 525 mL of methanol R with 400 mL of
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---- PhEur

PhEur -'--- _

Testsolution 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
acetonide CRS in methanol R and dilute to 20 mL with the
same solvent.

Reference solution (b) Dissolve 10 mg of triamcinolone
hexacetonide CRSin reference solution (a) and dilute to
10 mL with reference solution (a).

Plate TLC silica gelF254 plate R.
Mobile phase Add a mixture of 1.2 volumes of water R and
8 volumes of methanol R to a mixture of 15 volumes of
ether R and 77 volumes of methylene chloride R.
Applz"cation 5!1L.
Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm,
immediately after development.

System. suitabz7ity 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
reference solution (c).

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 5 min), Allow to cool, add 1 mL
of waterR, 0.05 mL of phenolphthalein solution Rl and about
1 mL of dilute hydrochloric acidR 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 mL 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 cent) R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Testsolution Dissolve 25.0 mg of the substance to be
examined in mobile phase B and dilute to 25.0 mL with
mobile phase B.
Reference solution (a) Dissolve 5 mg of triamcinolone acetonide
for system suitability 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 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 (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: 1= 0.25 m, 0 = 4.6 mm;

76-25-5434.5

(Ph. Bur. monograph 0533)

Action and use
Glucocorticoid.

Preparations
Triamcinolone Cream

Triamcinolone Acetonide Injection

Triamcinolone Acetonide Nasal Spray

Triamcinolone Ointment

Triamcinolone Dental Paste

o

Triamcinolone Acetonide

<:. 9-fluoro-11~,16~,17,21-te~ydroxypregn-4-ene-3,20
dione (pretriamcinolone).

DEFINITION
9-Fluoro-11~,21-dWrrydroxy-16~,17-(1-Enedlyledlylidenedioxy)

pregna-1,4-diene-3,20-dione.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, aystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A, C.

Secondidentification: B, D..

A. Infrared absorption spectrophotometry (2.2.24).

Comparison triamcinolone acetonide 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 liquidparaffinR and record new
spectra.

B. Thin-layer chromatography (2.2.27). Prepare the solutions
immediately before use and prot.rect from light.
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- staiionary phase: end-capped octadecylsilyl silica gelfor
chromatography R (5 um);

- temperature: 40 "C.

1HobiIe phase:
- mobile phaseA: acetonitrile R, waterfor chromatography R

(32:68 V/V);
- mobile phase B: waterfor chromatography R, acetonitrile R

(35:65 V/V);

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one orother of the tests
in the monograph. They arelimitedby the general acceptance
criterion for other/unspecified impurities and/orby 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, D, E, F.

FlmD rate 1.5 mUmin.
Detection Spectrophotometer at 254 run.

Injection 20 J.tL of the test solution and reference
solutions (a) and (b).

lden1ificalion of impurities Use the chromatogram supplied
'with triamcinolone CiEetonide for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities B and C.

Re1aIioe retention With reference to triamcinolone acetonide
(retention time =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:
- impurirJJ B: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- 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 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)
Maximum 2.0 per cent, determined on 0.500 g.

ASSAY
Cany out the assayprotected from light.

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 triamcinolone
acetonide.

Retention time Triamcinolone acetonide = about 16 min.

Calculate the percentage content of C2,Jf31F06 taking into
account the assigned content of triamcinolone acetonide CRS.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities B~ C.

D. 9-chIoro-11 ~,21-dihydroxy-16Cl,17-(1
methylethylidenedioxy)pregna-1,4-diene-3,20-dione (9ct
chIoro triamcinolone acetonide),

o

C. 9-fluoro-11 ~,21 ,21-trihydroxy-16ct,17-( 1
methylethylidenedioxy)pregna-l,4-diene-3,20-dione
(triamcinolone acetonide 21-aldehyde hydrate),

o

B. 9-fluoro-ll ~,21-dihydroxy-16Cl,17-(1
methylethylidenedioxy)pregna-l,4,14-triene-3,20-dione
(L\14-triamcinolone acetonide),

E. 9-fluoro-ll ~,21-dihydroxy-16Cl,17-(1
methylethylidenedioxy)pregna-4-ene-3,20-dione (1,2
dihydrotriamcinolone acetonide),

o

o

o

A. 9-fluoro-ll~,16ct, 17,21-tetrahydroxypregna-1,4-diene
3,20-dione (triamcinolone),

o
0 ..... 100

Mobile phase B
(per cent VIJI)

100

100 ..... 0

Mobile phase A
(per cent VIJI)

Tune
(min)

0-20

20-40
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11-1196 Triamcinolone Hexacetonide 2020

PhEur _

____________________ PhEur

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Test solution (a) Dissolve 25.0 mg of the substance to be
examined in methanolR and dilute to 10.0 mL with the same
solvent.

Test solution (b) Dilute 1.0 mL of test solution (a) to
5.0 mL with methanolR.
Reference sohaion (a) Dissolve 5 mg of triamcinolone
hexacetonide for system suitability CRS (containing impurities B
and C) in methanolR and dilute to 2.0 mL with the same
solvent.

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 25.0 mg of triamcinolone
hexacetonide CRS in methanol R and dilute to 10.0 mL with
the same solvent. Dilute 1.0 mL of the solution to 5.0 mL
with methanolR.
Column:
- size: 1=0.25 Ill, 0 =4.6 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfoTchromatography R (5 J.Ul1).

Mobilephase water fOT chromatography R, methanol R
(25:75 VIV).

Flow rate 2.0 mUmin.
Detection Spectrophotometer at 254 nm.
Injection 20 ~ of test solution (a) and reference
solutions (a) and (b).

Run time Twice the retention time of triamcinolone
hexacetonide.

Identification ofimpurities Use the chromatogram supplied
with triamcinolone hexacetonide for system suitability CRS and
the chromatogram obtained with reference solution (a) to
identify the peaks due to impurities Band C. '

Relative retention With reference to triamcinolone
hexacetonide (retention time = about 8 min): impurity B
(epimer 1) =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 and impurity C.

Calculation of percentage contents:
- for each impurity, use .the concentration of triamcinolone

hexacetonide in reference solution (b).

Limits:
- impurityB: for the sum of the areas of the 2 epimer peaks,

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.

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.50 g.

ASSAY
Carry out the testprotected from light.

Liquid chromatography (2.2.29) as described in the test for
related substances with.the following modification.

Injection 10 ul, of test solution (b) and reference
solution (c).

5611-51-8532.6

o

DEFINITION
9-Fluoro-11~-hydroxy-2',2/-dimethyl-3,20-dioxo-(16~H)

[1,3]dioxolo]4',5':16, 17]pregna-l,4-dien-21-yl
3,3-dimethylbutanoate.

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, sparingly soluble in anhydrous
ethanol and in methanol, practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison triamcinolone hexacetonide 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 obtained with
reference solution (c).

TESTS
Specific optical rotation (2.2.7)
+ 95 to + 101 (anhydrous substance).

Dissolve 0.100 g in methylene chloride R and dilute to
10.0 mL with the same solvent.

(Ph. Bur. monograph 0867)

o

F. 9-fluoro-11 ~-hydroxy-16cx,17-(1-methylethylidenedioxy)
3,20-dioxopregna-1,4-dien-21-yl acetate (21-acetate
triamcinolone acetonide).

Action and use
Glucocorticoid.

Preparation
Triamcinolone Hexacetonide Injection

Triamcinolone Hexacetonide

www.webofpharma.com



2020 Triamterene 11-1197

Action and use
Sodium channel blocker; potassium-sparing diuretic.

Preparations
Co-triamterzide Tablets

Triamterene Capsules

Calculate the percentage content of C30H41F07 taking into
account the assigned content of triamcinolone
hexacetonide CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/orby 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 for pharmaceutical use) A, C.

Triamterene
(ph. Eur. monograph 0058)

253.3

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

396-01-0

____________________ PhEur

C. 9-chloro-11 P-hydroxy-2',2'-dimethyl-3,20-dioxo-(l6pH)
[1,3]dioxolo[4' ,5': 16,17]pregna-1,4-dien-21-yl
3,3-dimethylbutanoate.

PhEtr _

DEFINITION
6-Phenylpteridine-2,4,7-triamine.

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

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 triamterene CRS.

TESTS
Acidity
Boil 1.0 g with 20 mL of water R for 5 min, cool, filter and
wash the filter with 3 quantities, each of 10 mL, of waterR.
Combine the filtrate and washings and add 0.3 mL of
phenolphthalein solution R. Not more than 1.5 mL of 0.01 M
sodium hydroxide is required to change the colour of the
indicator.

ImpurityD
Gas chromatography (2.2.28).

Internalstandard solution Dilute 0.1 mL of nitrobenzene R to
1OOmL with methanol R. Dilute 1 mL of this solution to

. 50 mL with methanol R.

Test solution Introduce 0.800 g of the substance to be
examined into a suitable vial, add 5 mL of dimethyl
sulfoxide R and heat until the sample is 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. Combine the 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 benzylcyanide R
(impurity D) in methanol R and dilute to 100.0 mL with the
same solvent. Dilute 5.0 mL of the solution to 50.0 mL with
methanolR. To 2.0 mL of this solution add 2.0 mL of the
internal standard solution and 5 mL of dimethyl sulfoxide R
and dilute to 20.0 mL with methanol R.
Blank solution Dilute 5 mL of dimethyl sulfoxide R to 20 mL
with methanol R.
Column:
- material: fused silica;
- size: l = 30 m, (2) = 0.25 rom;

and epimer at C·

B. (2'RS)-9-fluoro-11 P-hydroxy-2'-methyl~3,20-dioxo
(l6PH)-[1,3]dioxolo[4',5':16,17]pregna-1,4-dien-21-yl
3,3-dimethylbutanoate,

o

o
oJ.. fH3

~CH3
CH3 CH3

....0 "'":'7<CH3

····0 CH3

H

A. 9-fluoro-11p,21-dihydroxy-2',2'-dimethyl-(16PH)-[1,3]
dioxolo[4',5' :16,17]pregna-1,4-diene-3,20-dione
(triamcinolone acetonide),

o

o
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11-1198 Triamterene

- stationary phase: macrogo120 000 R (0.5 um),

Carnergas heliumfor chromatography R.
Flow rate 1.5 mUmin.
Split ratio 1:15.

Temperature:
- column: 170°C;
- injection port: 210 "C;
- detector: 230°C.

Detection Flame ionisation.

Injection 1 «r,
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 between the peak due to

impurity D and the nearest peak due to the solvent (blank
solution);

- signal-to-noise ratio: minimum. 10 for the peak due to
impurity D.

Limit:
- impurityD: calculate the ratio (R) of the area of the peak

due to impurity D to the area of the peak due to the
internal standard from the 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).

Test solution Dissolve 10.0 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 rnL 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
nitrosotriaminopyrimidine CRS (impurity A) in the mobile
phase and dilute to 100.0 mL with the mobile phase. Dilute
1.0 rnL of the 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 solution (c) Dissolve the contents of a vial of
triamterene impurity B CRS in 200 Ill. of dimethyl sulfoxide R.
Add 5.0 mL of the test solution and dilute to 50.0 mL with
the mobile phase. Filter the solution through a membrane
filter (nominal pore size 0.45 JlIIl) before injection.

Column:
- size: I = 0.25 m, 0 = 4.0 mID;
- stationary phase: spherical end-capped octylsilyl silica gelfor

chromatography R (5 um),

Ivlobile phase butylamineR, acetonitrile R, methanol R, waterR
(2:200:200:600 VIVIVIV), adjusted to pH 5.3 with acetic

.acid R.
Flow rate 1 mLImin.
Detection Spectrophotometer at 320 om and at 355 om.
Injection 50 ilL.
Relativeretention With reference to triamterene (retention
time = about 5 min): impurity A =about 0.6;
impurity B =about 0.8; impurity C =about 1.7.

2020

System suitability:
- resolution: minimum 1.5 between the peaks due to

impurity Band triamterene in the chromatogram obtained
with reference solution (c) at 355 nm; if necessary,
increase the quantity of waterR in the mobile phase;

- signal-to-noise ratio: minimum 10 for the principal peak in
the chromatogram obtained with reference solution (b) at
320 nm.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B = 1.8;
impurity C = 1.5;

- impurityA at 320 nm: not more than the area of the
corresponding peak in the chromatogram obtained with
reference solution (b) (50 ppm);

- impurities B~' Cat 355 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 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);

- 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 ginS mL of anhydrous formic acid R and add
100 mL of anhydrous acetic acid R. 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 25.33 mg
of C1zHllN7.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B~ C~ D.

A. 5-nitrosopyrimidine-2,4,6-triamine
(nitrosotriaminopyrimidine),

B. 2,7-diamino-e-phenylpteridin-d-ol,
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___________________----:.... PhEur

D. phenylacetonitrile (benzyl cyanide).

95 volumes of acetoTlirn1e R and dilute to 25.0 mL with the
same mixture of solvents.
Test solution (b) Dissolve 50.0 mg of the substance to be
examined in:a mixture of 5 volumes of water R and
95 volumes of acetonitrile R and dilute to 50.0 mL with the
same mixture of solvents.
Reference solution (aJ Dilute 25.0 mg of benzaldehyde CRS
(impurity C) and 30.0 mg of tribenoside impurityA CRS to
100.0 mL with acetonitrile R. Introduce 20.0 mL of this
solution into a 50 mL volumetric flask, add 2.5 mL of
waterR and dilute to 50:0 mL with acetonitrile R.
Reference solution (b) Dissolve 50.0 mg of tribenoside CRS in
a mixture of 5 volumes of waterRand 95 volumes of
acetonitrile R and dilute to 50.0 mL with the same mixture of
solvents.
Reference solution (c) Dissolve 12.0 mg of tribenoside
impurity D CRS in a mixture of 5 volumes of waterR and
95 volumes of acetonitrile R and dilute to 100.0 mL with the
same mixture of solvents.

Column:
- size:1= 0.15 m, (2) =4.6 mm;
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatograp/ul R (3 J.lIIl).

Mobilephase:
- mobile phase A: 0.1 per cent V/V solution of phosphoric

acid R;
- mobile phase B: acetonitrile R;

and anomerat C"

C. 2,4-diamino-6-phenylpteridin-7-01,

D.r ~

N

Tribenoside ...,~_

478.6 10310-32-4 Time
(min)

Mobile phase A
(per cent Va')

Mobile phase B
(per cent VflI)

Action and use
Sclerosing agent.

0-40

40-55

55 -+ 10

10

45 -+ 90

90

PhEur _

DEFINITION
Mixture of a.- and ~-anomers of ethyl 3,5,6-tri-O-benzyl-o
glucofuranoside.

Content
96.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
Yellowish or pale yellow, clear, viscous liquid.

Solubility
Practically insoluble in water, very soluble 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 methanolR 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
420 nm 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 methanolR.

Related substances
Liquid chromatography (2.2.29).
Test solution (a) Dissolve 1.000 g of the substance to be
examined in a mixture of 5 volumes of waterR and

Flow Tate 1.3 mUmin.
Detection Spectrophotometer at 254 nm,

Injection 20 p.L of test solution (a) and reference
solutions (a), (6) and (c). '

Identification ofimpurities 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):
o-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 suitabilit;y Reference solution (b):
- resolution: minimum 3.0 between the peaks due to the

c-anomer and to the l3-anomer of tribenoside.

Limits:
- impurityA: 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;
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11-1200 Tributyl Acetylcitrate 2020

77-90-7402.5

Hac~po,° 0
HaC"y'"'0

II O~CHa
O.

HaC~O 0

(ph. Bur. monograph 1770)

PhEur _

Tributyl Acetylcitrate

Action and use
Excipient.

CHO

6
C. benzaldehyde,

B. 3,5-di-O-benzyl-l ,2-Q-(l-methylethylidene)-et.-o
glucofuranose,

D. dibenzyl ether.

A. 3,5,6-tri-O-benzyl-l,2-0-(1-methylethylidene)-a.-o
glucofuranose,

- impurity D: not more than the area of the principal peak
in the chromatogram obtained with reference solution (c)
(0.3 per cent); .

- any other impurity: not more than the area of the peak due
to impurity A in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- total: maximum 2.0 per cent;
- disregard limit: 0.17 times the 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 test for
related substances with the following modification.

Injection Test solution (b) and reference solution (b).

Calculate the sum of the percentage contents of the
ce-anomer and the ~-anomer of tribenoside taking into
account the assigned content of tribenoside CRS.

STORAGE
Under nitrogen, in an airtight container.

IMPURITIES

DEFINITION'
Tributyl 2-(acetyloxy)propane-l,2,3-tricarboxylate.

Content
99.0 per cent 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.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Thin films between 2 sodium chloride plates.

Comparison tributyl acetylcitrate CRS.

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution BY6 (2.2.2,
Method II).

Acidity
Dilute 109 with 10 mL of previously neutralised ethanol
(96 per cent) R and add 0.5 mL of bromothymd 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 index (2.2.6)
1.442 to 1.445.

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 mL with the same
solvent.

Reference solution (a) Dissolve 50 mg of the substance to be
examined and 50 mg of tributyl citrate R (impurity A) in
methylene chloride R and dilute to 20 mL with the same
solvent.

-------------------- PhEur 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 methylene chloride R.
Reference solution (c) Dissolve the contents of a vial of
tributyl acetylcitrate forpeak identification CRS (containing
impurities B and C) in 1 mL of methylene chloride R.
Column:
- material: fused silica;
'- size: 1= 30 m, (2) =0.25 mID;
- stationary phase: poly[(cyanopropyl) (methyl)][(phenyl)

(methyl)Jsiloxane R (film thickness 0.25 1J.ll1).
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126-73-8266.3

(Tri-n-butyl Phosphate, Ph. Eur. monograph 1682)

o
II

H3C~0""'~"""O~CH3
0~CH3

Action and use
Excipient.

CHARACTERS
Appearance
Clear, colourless or pale yellow liquid.

Solubility
Slightly soluble in water, miscible with ethanol (96 per cent).

PhEur _

E. butyl acetate.

D. butan-l-ol,

Tributyl Phosphate

C. l,2-dibutyl 3-(2-methylpropyl) 2-(acetyloxy)propane1,2,3
tricarboxylate,

_______-'-- PhEur

H3C~OrO 1
H3C~0'(' "'-/0~O~CHa

o

A. tributyl 2-hydroxypropane-I,2,3-tricarboxylate (tributyl
citrate),

B. tributyl propene-1,2,3-tricarboxylate (tributyl aconitate),

H3C~pO'00
H3CyOo 0~CH3

~ - CH3
H3C 0 0

IMPURITIES
Specified impurities A, B, C.
Otherdetectable impurities (thefollowing 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 impurities 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.

70 -- 210

210

250
250

Temperature
CC)

rune
(min)

0-7

7-50

Injection port

Detector

Column

Detection Flame ionisation.

Injection 1 J.lL; inject via an inert, glass-lined injection port
using an automatic injection deyice.

Identification of impurities Use the chromatogram supplied
with tributylacetylcitrate for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks.due to impurities B and C; use the chromatogram
obtained-with reference solution (a) to identify the peak due
to impurity A.

Relativeretention With reference to tributyl acetylcitrate
(retention time = about 24 min): impurity B = about 0.70;
impurityC =about 0.83; impurity A =about 0.87.

System suitability:
- resolution: minimum 2.0 between the peaks due to

impurity A and tributyl acetylcitrate in the chromatogram
obtained with reference solution (a);

-- repeatability: maximum. relative standard deviation of
5.0 per cent after 6 injections of reference solution (b).

Limits:
- impurityA: 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 obtained with reference
solution (b) (0.4 per cent);

- impurityB: not more 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 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)
(1.0 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).

Water (2.5.12)
Maximum 0.25 per cent, determined on 2.00 g.

Sulfated ash (2.4.14)
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-propanol R, 50 mL of waterR, 25.0 mL of
1M sodium hydroxide and a few glass beads. Heat under a
reflux condenser for 3 h. Allow to cool. Add 1 mL of
phenolphthalein solution Rl and titrate with 1 M hydrochloric
acid. Carry out a blank titration.

1 mL of 1 M sodium hydroxide is equivalent to 100.6 mg
of CZOH340S'

Carrier gas helium for chromatography R.

Linear velocity 36 cm/s.

Spl£t ratio 1:20.

Temperature:
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ll-1202 Trichloroacetic Acid 2020

PhEur _-------------------

____________________ PhEur

76-03-9

CI~ 1X ~OH

CI CI

o
II

H3C,O.... ~......O~CH3
O~CH3

D. dibutyl methyl phosphate,

o
II

H3C~O""~""'O~CH3
O~CH3

E. dibutyl ethyl phosphate,

B. butyl dihydrogen phosphate,

C. H3C-[CHzh-OH: butan-I-ol,

(ph. Bur. monograph 1967)

o
II

H3C~O""~""'O~CH3
O~CH3

F. dibutyl propyl phosphate,

o
II

H3C»<:O .... ~.....O~CH3
O~CH3

G. dibutyl2-methylpropyl phosphate,

DEFINITION
2,2,2-Trichloroacetic acid.

Content
98.0 per cent to 100.5 per cent.

H. dibutyl pentyl phosphate,

CzHCl30z 163.4

Preparation
Trichloroacetic Acid Solution

Trichloroacetic Acid

1. pentabutyl phosphate.

o
II

HO--~'O~CH3
O~CH3

A. dibutyl hydrogen phosphate,

bp
About 289°C, with decomposition.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison tri-n-butyl phosphate CRS.

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution Y6 (2.2.2J .

Method11).

Acidity
Dissolve 50 mL in 50 mL of ethanol (96 percent) R
previously adjusted wita 0.02 M potassium hydroxide or
0.02 M hydrochloric 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.

Reference solution Dissolve 10 mg of the substance to be
examined and 10 mg of methylmyristate R in methylene
chloride R and dilute to 10 mL with the same solvent.

Column:
- material: fused silica;
- size: 1=30 m, 0 =0.32 mm;
- stationary phase: poly(dimethyVsiloxane R (5 urn).

Carrier gas helium for chromatography R.
Linear velocity 32 cm/s.

Split ratio 65: 1.

Temperature:
- column: 250°C;
- injection port and detector. 250 "C.

Detection Flame ionisation.

Injection 1 ilL.
Run time Twice the retention time of tri-a-butyl phosphate.

System suitability Reference solution:
- resolution: minimum 10 between the peaks due to tri-n-

butyl phosphate and methyl myristate.

Limits:
- arry impurity: for each impurity, maximum 0.3 per cent;
- total: maximum 0.5 per cent;
- disregard limit: 0.01 per cent.

Cblorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 gin 15 mL of ethanol (70 percent V/V;> R.
The solution complies with the test. Prepare the reference
solution using 10 mL of chloride standard solution
(5 ppm Cl) 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
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____________________ PhEur

Triclofos Sodium

DEFINITION
Triclofos Sodium is sodium 2,2,2-trichloroethyl hydrogen
orthophosphate. It contains not less than 41.3% and not
more than 43.2% of CI and not less than 97.0% and not
more than 102.0% of CzH3CI3Na04P, 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 spectrum, Appendix ITA, 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 1 g of anhydrous sodium carbonate to a dull
red heat and maintain for 10 minutes, cool, extract the
residue with waterand filter. The filtrate yields the reactions
characteristic of chlorides and of phosphates, Appendix VI.

TESTS
Acidity
pH of a 2% w/v solution, 3.0 to 4.5, Appendix V L.

Clarity of solution
A 2.0% w/v solution is clear, Appendix IV A.

Chloride
Dissolve 0.1 g in 50 mL of water. 15 mL of the solution
complies with the limit testfor chlorides, Appendix VII
(0.17%).

Phosphate
Not more than 1.0%, calculated as P04, when determined
by the following method. Dissolve 25 mg in 10 mL of water,
add 4 mL of 1M sulfuric acid, 1 mL of ammoniummolybdate
solution and 2 mL of methylaminophenol-sulfite 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 nm, Appendix II B. Calculate the content of
phosphate from a calibration curve prepared by treating
suitable volumes of a 0.00143% w/v solution ofpotassium
dihydrogen orthophosphate in the same manner.

Loss on drying
When dried at 100 0 at a pressure not exceeding 0.7 kPa for
3 hours, loses not more than 5.0% of its weight. Use 1 g.

ASSAY
ForCI
Mix 0.25 g with 1 g of anhydrous sodium carbonate in a nickel

. 'crucible about 3 em 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
nitric aciduntil the solution is neutral to litmuspaperand add
3 mL of nitric acid in excess. Add 50 mL of O.lM 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.lM ammonium thiocyanate VS using
ammonium iron(III) sulfate solution R2 as indicator. Each mL
of O.lM silver nitrate VS is equivalent to 3.545 mg of Cl.

For C2H3CI3NaO~
Heat 0.2 g in a Kjeldahl flask with 2 mL of sulfuric acid and
2.5 mL of nitric aciduntil brown fumes cease to be evolved,
cool, add 1 mL of nitric acidand heat again. Continue
adding nitric acid and heating until brown fumes are no

7246-20-0251.4

OH
CI~ I

/\ o-~=o

CI CI DNa

Action and use
Hypnotic.

Preparation
Triclofos Oral Solution

CHARACTERS
Appearance
White or almost white, crystalline mass or colourless crystals,
very deliquescent.

Solubility
Very soluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
Firstidentification: A.
Secondidentification: B} C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of trichloroacetic acid.

B. To 0.5 mL of solution S (see Tests) add 2 mL of
pyridine Rand 5 mL of strong sodium hydroxide solution R.
Shake vigorously and heat in a water-bath at 60-70 DC for
5 min. The upper layer shows an intense red colour.

C. Solution S is strongly acidic (2.2.4).

TESTS
Solution S _..
Dissolve 2.5 g in waterR and dilute to 25 mL with the same
solvent.

Appearance' of solution
Solution S is dear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2, MethodII).

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

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

ASSAY
Dissolve 0.150 gin 20 mL of water 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 16.34 mg of
CzHChOz.

STORAGE
In an airtight container.
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PhEur ~ '-- _

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 water, add
50 mL of citric-molybdic acidsolution and heat slowly to
boiling. Swirling the flask continuously, add 25 mL of
quinoline solution at first drop wise and then in 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 sodiumhydroxide VS and shake until
dissolved. Titrate the excess of alkali with O.5M hydrochloric
acid VS using phenolphthalein-thymol bluesolution as
indicator. Each mL of O.5M sodium hydroxide VS is equivalent
to 4.835 mg of CzH3CI3Na04P. 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
CZH3ChNa04P.

60

60 ..... 230

230

260

280

Temperature
CC)

Time
(min)

o
0-8.5

8.5 - 14

Column

Injection port

Detector

Detection Flame ionisation.

Injection 2 ilL; if necessary inject a blank solution.

Elutionorder Impurity A, 3-aminopropanol, impurity B,
trolamine.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

3-aminopropanol and impurity A.

Limits:
- impurityA: calculate the ratio (Rl) of the area of the peak

due to impurity A to the area of the peak due to the
internal standard from the chromatogram obtained with
reference solution (b); from the chromatogram obtained
with the test solution, calculate the ratio of the area of any
peak due to impurity· A to the area of the peak due to the
internal standard: this ratio is not greater than Rl
(0.1 per cent);

- impurityB: calculate the ratio (R2) of the area of the peak
due to impurity B to the area of the peak due to the
internal standard from the chromatogram obtained with
reference solution (b); from the chromatogram obtained
with the test solution, calculate the ratio of the area of any
peak due to impurity B to the area of the peak due to the

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, Method II).

Related substances
Gas chromatography (2.2.28).

Internalstandard solution .Dissolve 5.0 g of
3-aminopropanol R in waterR 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 water R.
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
impurityA CRS, 0.5 g of trolamine impurity B CRS and 0.1 g
of trolamine CRS in water R and dilute to 10.0 mL with the
same solvent. To 1.0 mLof this solution add 1.0 mL of the
internal standard solution and dilute to 100.0 mL with
waterR.
Column:
- material: fused silica;
- size: l = 25 m, 0 = 0.25 mm;
- stationary phase: poly(dimethyl) (diphenyl) siloxane R (film

thickness 0.50 J.U11).

Carrier gas helium for chromatography R.

Flow rate 1 mLlmin.

Split ratio 1:35.

Temperature:

102-71-6

r OH

HO~N~OH

149.2

Action and use
Pharmaceutical aid.

DEFINITION
2,2',2"-Nitrilotriethanol.

Content
99.0 per cent m/m to 103.0 per cent m/m of total bases
(anhydrous substance).

CHARACTERS
Appearance
Clear, viscous, colourless or slightly yellow liquid, very
hygroscopic.

Solubility
Miscible with water and with ethanol (96 per cent), soluble
in methylene chloride.

IDENTIFICATION
First identification: B, C.
Second identification: A, B, 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 1 mL add 0.3 mL of copper sulfate solution R. A blue
colour develops. Add 2.5 mL of dilute sodium hydroxide
solution R and heat to boiling. The blue colour remains
unchanged.

Triethanolamine
(Trolamine, Ph. Eur. monograph 1577)
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Detection Chemoluminescence:
- dual plasma burner in nitrosamine mode;
- burner temperature: 450°C;
- oxygen flow rate: 4.4-5.0 mlJmin.

Injection 4 ul;

System suitability:
- resolution: minimum 1.3 between the peaks due to

impurity C and N-nitrosodiisopropanolamine in the
chromatogram obtained with reference solution (b);

- recovery: minimum 50 per cent. 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 peak in the chromatogram
obtained with the test solution is not less than 0.5 times
the area of the corresponding peak in the chromatogram
obtained with reference solution (c).

Limits:
- impurityC: 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 peak in the chromatogram obtained with
the test solution (24 ppb).

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.000 g.

Reference solution (a) To 2.000 g of the substance to be
examined add 200 ul, of standard solution (b) and 0.5 g of
sulfamic acidR. Dissolve in 8 mL of waterfor
chromatography R, then proceed exactly as described for the
test solution.

Reference solution (b) To 1.0 mL of standard solution (a)
add 4.0 mL of standard solution (c) and mix. Transfer
500 J.tL of the solution to a vial and evaporate to dryness
under a stream of nitrogen R. Dissolve the residue in 200 J.tL
of trimethylpentane for chromatography R, add 200 J.tL of
N-methyltrimethylsilyl-tnjluoroacetamide R and heat at 70°C
for 1 h.

Reference solution (c) In a vial, evaporate 200 !!Lof standard
solution (b) to dryness under a stream of nitrogen R. Dissolve
the residue in 100 !!Lof trimethylpentane for
chromatography R, add 100 !!Lof N-methyltrimeihylsilyl
trifiuoroacetamide R and heat at 70°C for 1 h.

Blank solution In a gas chromatography vial, evaporate
200 !!Lof methanol R to dryness under a stream of
nitrogen R. Dissolve the residue in 100 IlL of trimethylpentane
for chromatography R add 100 ul, of N-methyltrimethylsilyl
trifiuoroacetamide R and heat at 70°C for 1 h.

Column:
- material: fused silica;
- size: l =30 m; 0 =0.25 mm;
- stationary phase: base-deactivated poly(dimethyl) (diphenyl)

siloxane R (film thickness 1 urn).

Carrier gas helium for chromatography R.

Flow rate 2 mlJmin.

Split ratio 1:1O.

Temperature:

internal standard: this ratio is not greater than R2
(0.5 per cent);

- total: calculate the ratio (R4) of the area of the peak due
to trolamine to the area of the peak due to the internal
standard from the chromatogram. obtained with reference
solution (b); 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
internal standard: this ratio is not greater than
10 times R4 (1.0 per cent); .

- disregard limit: 0.5 times theratio of the area of the peak
due to trolamine to the area of the peak due to the
internal standard from the chromatogram obtained with
reference solution (b) (0.05 per cent).

Impurity C
Gas chromatography (2.2.28).

Solvent mixture acetone R, chloroform R (10:50 VIV).

Preparation of solid:phase extraction columns

ColumnA Fill a ~~ss chromatography column
(l = 400 mm; (2) =gg mm) fitted with a
polytetrafiuoroethylene stopcock and.a sintered-glass filter
(160) (2.1.2) with 3-g of anhydrous sodiumsulfate R and cover
with a mixture of 17 g of kieselguhrforchromatography R and
3 g ofpotassium carbonate R. Settle the column bed by gently
tapping the colwnn.

ColumnB Fill a glass chromatography column
(l = 400 Il1JJl; (2) = 20 mm) fitted with a
polytetrafluoroethylene stopcock and.a sintered-glass filter
(160) (2.1.2) with a slurry of 25 g of silica gelfor
chromatography 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 anJrydrous sodium sulfate R.
Standard solution (a) Dissolve 50 J,1L of N
nitrosodiethanolamine R (impurity C) in methanol R and dilute
to 50.0 mL with the same solvent. Dilute 100 J.tL of this
solution to 100.0 mL with methanolR.
Standard solution (b) Dilute 10.0 mL of standard
solution (a) to 50.0 mL with methanolR.
Standard solution (c) Dissolve 50 mg of N
nitrosodiisopropanolamine R in methanol R and dilute to
50.0 mL with the same solvent. Dilute 100 J.tL of this
solution to 100.0 mL with methanolR.
Test solution To 2.000 g of the substance to be examined
add 200 J.tL of methanolRand 0.5 g of sulfamic acid R.
Dissolve in 8 mL of waterfor chromatography R and apply the
solution to colwnn A. Rinse the vessel twice with 1.5 mL of
waterfor chromatography R, applying the rinsings to the
column as well. After 15 min of equilibration time elute the
column with 100 mL of ethyl acetate 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 under a stream of
nitrogen R. Dissolve the residue in 100 J,1L of trimethylpeniane
for chromatography R, add 100 J.LL of N-methyltrimethylsilyl
trifiuoroacetamide R and heat at 70°C for 1 h.

Column

Injection port

Time
(min)

0-5

5 - 10

Temperature
eC)

180 - 280

280

220
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A. 2-aminoethanol (ethanolamine),

A. Refractive index (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of tn'ethyl citrate.
C. It gives the reaction of esters (2.3.1).

D. To 0.5 mL add 5 mL of ethanol (96 percent) R and 4 mL
of dilute sodium hydroxide solution R. Boil under reflux for
about 10 min. 2 mL of the 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 solution BY6 (2.2.2,
MethodII).

Acidity
Dilute 109 with 10 mL of previouslyneutralised ethanol
(96 per cent) R, add 0.5 mL of bromothymol 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 index (2.2.6)
1.440 to 1.446.

Related substances
Gas chromatography (2.2.28): use the normalisation
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 be
examined and 0.5 mL of methyl tridecanoate R in methylene
chloride R, then dilute to 50.0 mL with the same solvent.

Column:
- material: fused silica;
- size: l = 30 m, 0 = 0.32 mm;
- stationary phase: poly(dimethyl)siloxane R (5 urn).

Carrier gas helium for chromatography R.
Linearvelocity About 26 cm/s.

Split ratio About 1:50.

Temperature:
- column: 200°C;
- injection port and detector: 220 °C.

Detection Flame ionisation.

Injection 1.0~.

Run time Twice the retention time of triethyl citrate.

Retention time Triethyl citrate = about 13.6 min.

Systemsuitabz1ity Reference solution:
- resolution: minimum 1.5 between the peaks due to triethyl

citrate and methyl tridecanoate.

Limits:
- any impurity: for each impurity, maximum. 0.2 per cent;
- total: maximum 0.5 per cent;
- disregard limit: 0.04 per cent.

Water (2.5.12)
Maximum. 0.25 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum. 0.1 per cent, determined 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, 25.0mL of 1 M sodium hydroxide and a
few glass beads. Heat under a reflux condenser for 1 h.
Allow to cool. Add 1 mL of phenolphthalein solution Rl and
titrate with 1 M hydrochloric acid. Carry out a blank titration.

77-93-0276.3

Action and use
Excipient.

(Ph. Bur. monograph 1479)

DEFINITION
TriethyI2-hydroxypropane-l,2,3-tricarboxylate.

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

CHARACTERS
Appearance
Clear, viscous, colourless or almost colourless, hygroscopic
liquid.

Solubility
Soluble in water, miscible with ethanol (96 per cent), slightly
soluble in fatty oils.

IDENTIFICATION
First identification: A, B.
Second identification: A, C, D.

Triethyl Citrate

C. 2,2'-(nitrosoimino)diethanol (N-nitrosodiethanolamine).
____________________ PhEur

H
HO~N~OH

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 gin 75 mL of carbon dioxide-free waterR.
Add 0.3 mL of methyl redsolution R. Titrate with
1M hydrochloric acid.

1 mL of 1 M hydrochloric acid is equivalent to 0.149 g
of C6H1SN03•

STORAGE
In an airtight container, protected from light.

IMPURITIES
, Specified impurities A, B, C.

H2N~OH

B. 2,2'-iminodiethanol (diethanolamine),

NO
I

HO~N~OH
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1 mL of 1 M sodium hydroxide is equivalent to 92.1 mg
of C12Hzo07.

STORAGE
In an airtight container.

IMPURITIES

____________________ PhEur

D. Dissolve about 0.5 mg in 1 mL of waterR, add 0.1 mL of
bromine water R and shake for about 1 min. Add dropwise
1 mL of sulfuric acidR with constant, vigorous agitation.
A red colour develops.

E. Dissolve about 50 mg in 5 mL of waterR and add 2 mL
of nitric acidR. 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
Carry out the testprotected from bright light.
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelGF254 plateR.
Test solution 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.mL of the test solution to
200 mL with a mixture of 5 volumes of diethylamine Rand
95 volumes of methanol R.

Apply to the plate 10 ul, of each solution. Develop over a
path of 12 cm using a mixture of 10 volumes of acetone R,
10 volumes of diethylamine R and 80 volumes of
cyclohexane R. Allow the plate to dry in air and 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 1.5 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 0.200 gin 50 mL of alcohol 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 inL of 0.1 M sodium hydroxide is equivalent to 48.04 mg of
C21Hz6ClzF~3S,

STORAGE
Store in an airtight container, protected from light.

440-17-5

.2HCI

480.4

(Ph. Bur. monograph 0059)

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Trifluoperazine Tablets

Trifluoperazine Hydrochloride

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-l-yl)propyl]-2
(trifluoromethyl)-10H-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.

IDENTIFICATION
A. Protect the solutions from bright light and measure the
absorbances immediately. Dissolve 50 mg in 0.1 M hydrochloric
acidand dilute to 500 mL with the same acid. Examined
between 280 nm and 350 nm, the solution shows an
absorption maximum (2.2.25) at 305 nm. Dilute 5 mL of the
solution to 100 mL with 0.1 M hydrochloric acid. Examined
between 230 nm and 280 nm, this solution shows an
absorption maximum at 255 nm. The specific absorbance at
this maximum is about 650.

B. It complies with the identification test for phenothiazines
by thin-layer chromatography (2.3.3): use trifluoperazine
hydrochloride CRS to prepare the reference solution.

C. Place 0.25 g in a 100 mL separating funnel, add 5 mL of
waterR and 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.

1. °r°,,-/CH
3

H,C/'--O/°<:> "y0",CH,

°

A. triethyl propene-l,2,3-tricarboxylate (triethyl aconitate).
____________________ Ph£ur
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Trifluridine
Trifluorothymidine

296.2 70-00-8

MOBILE PHASE

Mobile phaseA 0.05M sodium dihydrogen orthophosphate;
adjusted to pH 6.0 with ammonia.
Mobile phaseB acetonitrile.

TIme Mobile phase A Mobile phase B Comment

(Minutes) (%v/v) (%v/v)

0-3 95 5 isocratic

3-10 95~85 5~15 linear gradient

10-15 85 15 isocratic

15-16 85~95 15~5 lineargradient

16-25 95 5 re-equilibration

Action and use
Pyrimidine nucleoside analogue; antiviral (herpesviruses).

Preparation
Trifluridine Eye Drops

DEFINITION
Trifluridine is 1-[(2R,4S,5R)-4-hydroxy-5-(hydroxymethyl)
oxolan-2-yl]-5-(trifluoromethyl)pyrimidine-2,4(1H,3H)-dione.
It contains not less than 98.0% and not more than 102.0%
of ClOHllF3N20S, calculated with reference to the dried
substance.

CHARACTERISTICS
A white, crystalline powder.

Soluble in water.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix IT A, is
concordant with the reference spectrum of trifluridine (RS 469).

B. In the Assay, the retention time of the principal peak in
the chromatogram obtained with solution (1) is similar to
that of the principal peak in the chromatogram obtained with
solution (2).

TESTS
Specific optical rotation
In a 3% w/v solution in water, + 47 to + 51, Appendix V F,
calculated with reference to the dried substance.

Related substances
Carry out the method for liquidchromatography,
Appendix lIT D, using the following solutions in a mixture of
5 volumes of acetonitrile and 95 volumes of a 0.05M solution
of sodium dihydrogen orthophosphate which has been adjusted
to pH 6.0 with ammonia..

(1) 0.02% w/v of the substance being examined.

(2) Dilute 1 volume of solution (1) to 100 volumes.

(3) Dilute 1 volume of solution (2) to 10 volumes.

(4) 0.02% w/v of trifiuridine impuritystandard BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with octadecylsilyl silica gelfor chromatography (5 !J.111) (Inertsil
ODS-2 is suitable).

(b) Use gradient elution and the mobile phase described
below.

(c) Use a flow rate of 1 mL per minute.

(d) Use an ambient column temperature.

(e) Use a detection wavelength of 263 nm.

(f) Inject 20 J.LL of each solution.

SYSTEM SUITABIUTY

The test is not valid unless:

the chromatogram obtained with solution (4) closely
resembles the chromatogram supplied with trifiuridine
impuritystandard BPCRS;

in the chromatogram obtained with solution (4), the resolution
factorbetween the peaks due to 5-carboxy-2'-deoxyuridine
(impurity A) and 5-carboxyuracil (impurity C) is at least 1.5.

UMITS

Identify any peaks in the chromatogram obtained with
solution (1) corresponding to impurities C, D and E using
solution (4) and multiply the areas of these peaks by the
corresponding correction factors: impurity C, 0.6;
impurity D, 0.7; impurity E, 0.4.

In the chromatogram obtained with solution (1):

the areas of any peaks corresponding to 5-carboxy-2'
deoxyuridine (impurityA) or 5-(trifluoromethyl)uracil
(impurity B) are not greater than half the area of the
principal peak in the chromatogram obtained with solution
(2) (0.5% of each);

the area of any other secondary peak is not greater than the
area of the principal peak in the chromatogram obtained with
solution (3) (0.1%);

the sum of the areas of all the secondary peaks is not greater
than the area of the principal peak in the chromatogram
obtained with solution (2) (1%).

Disregard any peak with an area less than half the area of the
peak in the chromatogram obtained with solution (3)
(0.05%).

Loss on drying
When dried in vacuo at 105° for 4 hours, loses not more than
1.0% of its weight, Appendix IX D. Use 1 g.

ASSAY
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions in a mixture of
5 volumes of acetonitrile and 95 volumes of a 0.05M solution
of sodium dihydrogen orthophosphate which has been adjusted
to pH 6.0 with ammonia.
(1) 0.02% w/v of the substance being examined.

(2) 0.02% w/v of trifiuridine BPCRS.

CHROMATOGRAPHIC CONDITIONS

The chromatographic conditions described under Related
substances may be used.

DETERMINATION OF CONTENT

Calculate the content of ClOHuF3NzOs in the substance
being examined using the declared content of ClOHllF3N20S
in trifiuridine BPCRS.
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PhEur _

Action and use
Thromboxane synthesis inhibitor; antiplatelet drug.

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

322-79-2248.2

(Ph. Bur. monograph 1377)

Triflusal

a
~.eOOH

l--JHO\:)
OH

STORAGE
Trifluridine should be protected from light.

IMPURITIES
The impurities limited by the requirements of this
monograph include:

A. 1-[ (2R,4S,5R)-4-hydroxy-5-(hydroxymethyl)oxolan-2-
yl]-2,4-dioxo-1,2,3 ,4-tetrahydropyrimidin-5-carboxylic acid
(5-c~boxy-2'-deoxyuridine; trifluridine related compound A),

B. 5-~rifluoromethyl)pyrimidine-2,4(lH,3H)-dione

(5-(trifiuoromethyl)uracil; trifluorothymine),

c. 2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-carboxylic acid
(5-carboxyuracil),

D. 1- [(2R,4S,5R)-4-hydroxy-5-(hydroxymethyl)oxolan-2-yl]
pyrimidine-2,4(lH,3H)-dione (2' -deoxyuridine),

DEFINITION
2-(Acetyloxy)-4-(trifiuoromethyl)benzoic acid.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, very soluble in anhydrous
ethanol, freely soluble in methylene chloride.

mp
About 118°C, with decomposition.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison trifiusal CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.200 g of the substance to be
examined in acetonitrile R and dilute to 20.0 mL with the
same solvent. Prepare the solution immediately before use.
Reference solution (a) Dissolve 5.0 mg of trifiusal
impurity B 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 25.0 mL with acetonitrile R.
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 the solution
immediately before use.

Column:
- size: 1= 0.15 m, 0 = 4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (4-5 urn).

Mobz7e phase:
- mobile phase A: 0.5 per cent V/V solution of phosphoric

acidR;
- mobz7e phase B: acetonitrile R;

E. pyrimidine-2,4(lH,3ll)-dione (uracil). Time
(min)

Mobile phase A
(per cent VIJI)

Mobile phase B
(per cent VIJI)

0-20

20 - 25

80 -> 30

30

20 -> 70

70

Flow rate 1.2 mIJmin.

Detection Spectrophotometer at 237 nm.

www.webofpharma.com



11-1210 Triglycerides

Injection 10 JlL of the test solution and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity B.
Relative retention. With reference to triflusal (retention
time = about 11 min): impurity B = about 1.2.

System suitability Reference solution (c):
- resolution: minimum 3.0 between the peaks due to triflusal

and impurity B.

Limits:
- impurity B: not more than 1.5 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
0.5 times the area of the peak due to impurity B in the
chromatogram obtained with reference solution (b) .
(0.10 per cent);

- sum of impurities otherthan B: not more than 0.5 times the
area of the peak due to impurity B in the chromatogram
obtained with reference solution (b) (0.1 per cent);

- disregard limit: 0.25 times the area of the peak due to
impurity B 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.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.200 gin 50 mL of anhydrous ethanol 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 24.82 mg of
CIQH7F304 •

STORAGE
In an airtight container, at a temperature not exceeding
25°C.

IMPURITIES
Specified impurities B.

Other detectable 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/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) A, C, D.

A. 2-(acetyloxy)benzene-1,4-dicarboxylic acid
(2-acetoxyterephthalic acid),

2020

B. 2-hydroxy-4-(trifluoromethyl)benzoic acid
(4-(trifluoromethyl)salicylic acid),

C. acetic 2-(acetyloxy)-4-(trifluoromethyl)benzoic anhydride,

D.2-[[2-(acetyloxy)-4-(trifluoromethyl)benzoyl]oxy]-4
(trifluoromethyl)benzoic acid.

____________________ PhEur

Medium-chain Triglycerides
Fractionated Coconut Oil
(Ph. Bur. monograph 0868)

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.

PhEur -----

DEFINITION
Mixture of triglycerides of saturated fatty acids, mainly of
caprylic (octanoic) acid and ofcapric (decanoic) acid.
The fatty acids are obtained from the oil extracted from the
hard, dried fraction of the endosperm of Cocos nucifera L.
or from the dried endosperm of Elaeis guineensis Iacq,

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), with methylene chloride, with light petroleum
and with fatty oils.

Relative density
About 0.95.

Refractive index
About 1.446.

IDENTIFICATION
First identification: C, D.
Second identification: A, B, D.
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Detection Flame ionisation.

Split ratio 1:100.

Composition of thefatty-acid fraction of the substance:
- 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;
- lauric acid: maximum 3.0 per cent;
- myristic acid: maximum 1.0 per cent;
- fatty acids of chain lengthgreater than or equal to C16:

maximum 1.0 per cent.

Chromium
Maximum 0.05 ppm, if intended for use in parenteral
nutrition.

Atomic absorption spectrometry (2.2.23, Method11).

Test solution Dissolve 2.0 g of the substance to be examined
in methyl isobutyl ketone R3 and dilute to 10.0 mL with the
same solvent.

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 than reference solution Y3 (2.2.2,
MethodI).

Alkaline impurities
Dissolve 2.00 g in a mixture of 1.5 mL of ethanol
(96 percent) R and 3.0 mL of ether R. Add 0.05 mL of
bromophenol bluesolution R. Not more than 0.15 mL of
0.01 M hydrochloric acid is required to change the colour of
the indicator to yellow.

Viscosity (2.2.9)
25 ml'a-s to 33 mf'a-s.

Acid value (2.5.1),'
Maxin:itlm 0.2.'"

Hydroxyl value Ci5.3, MethodA)
Maximum 10.

Peroxide value (2.5.5, MethodA)
Maximum 1.0.

Composition of fatty acids (2.4.22; MethodC)
Use the mixture of calibrating substances in Table 2.4.22.-2.

Column:
- material: fused silica;
- size: 1= 30 m, 0 =0.32 rnm;
- stationary phase: macrogol20 000 R (film thickness

0.5 urn).

Carrier gas heliumfor chromatography R.
Flow rate 1.3 mUmin.
Temperature:

Column

Injection port

Detector

TlDle
(min)

0-1

1- 35

35-50

Temperature
("C)

70

70 ..... 240

240

250

250

Solution A Dilute 0.100 mL of chromium liposoluble standard
solution (1000 ppm Cr) R to 10.0 mL with methylisobutyl
ketone R3.
Stock solution Dilute 0.100 mL of solution A to 10.0 mL
with methylisobutyl ketone R3.

Reference solutions Prepare 3 reference solutions by
dissolving for each 2.0 g of the substance to be examined in
the minimum volume of methylisobutyl ketone R3, adding
0.5 mL, 1.0 mL and 2.0 mL, respectively, of stock solution
and diluting to 10.0 mL with methylisobutyl ketone R3.
Source Chromium hollow-cathode lamp.

Wavelength 357.8 nrn.

Atomicgenerator Graphite furnace.

Carrier gas argon R.

Copper
Maximum 0.1 ppm, if intended for use in parenteral
nutrition.

Atomic absorption spectrometry (2.2.23, MethodII).

Testsolution Dissolve 2.0 g of the substance to be examined
in methylisobutyl ketone R3 and dilute to 10.0 mL with the
same solvent.

Solution A Dilute 0.100 mL of copper liposoluble standard
solution (1000 ppm Cu) R to 10.0 mL with methylisobutyl
ketone R3.

Stock solution Dilute 0.100 mL of solution A to 10.0 mL
with methylisobutyl ketone R3.
Reference solutions Prepare 3 reference solutions by
dissolving for each 2.0 g of the substance to be examined in
the minimum volume of methylisobutyl ketone R3, adding
1.0 mL, 2.0 mL and 4.0 mL, respectively, of stock solution
and diluting to 10.0 mL with methylisobutyl ketone R3.
Source Copper hollow-cathode lamp.

Wavelength 324.7 nrn.

Atomicgenerator Graphite furnace.

Carrier gas argon R.

Lead
Maximum 0.1 ppm, if intended for use-in parenteral
nutrition.

Atomic absorption spectrometry (2.2.23, MethodII).
Test solution Dissolve 2.0 g of the substance to be examined
in methylisobutyl ketone R3 and dilute to 10.0 mL with the
same solvent.

Solution A Dilute 0.100 mL of leadliposoluble standard
solution (1000 ppm Pb) R to 10.0 mL with methylisobutyl
ketone R3.
Stock solution Dilute 0.100 mL of solution A to 10.0 mL
with methylisobutyl ketone R3.
Reference solutions Prepare 3 reference solutions by
dissolving for each 2.0 g of the substance to be examined in
the minimum volume of methylisobutyl ketone R3, adding
1.0 mL, 2.0 mL and 4.0 mL, respectively, of stock solution
and diluting to 10.0 mL with methylisobutyl ketone R3.
Source Lead hollow-cathode lamp.

Wavelength 283.3 nrn.

Atomicgenerator Graphite furnace coated inside with
palladium carbide; calcination is carried out in the presence
of oxygen at a temperature below 800°C.

Carrier gas argon R.

Nickel
Maximum 0.2 ppm, if intended for use in parenteral
nutrition.
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Atomic absorption spectrometry (2.2.23~ Method11).

Testsol~ Dissolve 2,0 g of the substance to be examined
in meihyl isclbutyl ketone R3 and dilute to 10.0 mL with the
same solVent.

Soluti.mc A Dilute 0.100 mL of nickellz"posoluble standard
solution (lOOO ppm Ni) Rto 10.0 mL with methyl isobutyl
ketoneR3..

Stock s¥1lwitm Dilute 0.100 mL of solution A to 10.0 mL
with merbJtl isobutylketone R3.

Refermcesohaions Prepare 3 reference solutions by
dissobring: fur each 2.0 g of the substance to be examined in
the minimum volume of methyl isobutyl ketone R3,adding
1.0 rnL". 2.0 mL and 4.0 mL, respectively, of stock solution
and d.iluting to 10.0 mL with methyl isobutyl ketone R3.

Source Nickel hollow-cathode lamp.

Wavelength 232 nm.
Atomie generator Graphite furnace.

Carrier gas argon R.

Tin
Maximum 0.1 ppm, if intended for use in parenteral
nutrition,

Atomic absorption spectrometry (2.2.23~ Method11).

TestsohtEimz Dissolve 2.0 g of the substance to be examined
in methyl isobutylketoneR3 and dilute to 10.0 mL with the
same solw.nt.

SolutitmA Dilute 0.100 mL of tin liposoluble standardsolution
(lOOO ppm Sn) R to 10.0 mL with methyl isobutyl ketone R3.

Stock solution Dilute 0.100 mL of solution A to 10.0 mL
with methyl isobutylketoneR3.

Reference solutions Prepare 3 reference solutions by
dissolving for each 2.0 g of the substance to be examined in
the minimum volume of methyl isobutyl ketone R3, adding
1.0~ 2.0 mL and 4.0 mL, respectively, of stock solution
and diluting to 10.0 mL with methyl isobutyl ketoneR3.

Source Tin hollow-cathode lamp.

Wa'Vele7~ 286.3 run.

Atomic ge.7rerator Graphite furnace coated inside with
palladium. carbide.

Carriergas argon R.

Water
(2.5.32'}.Maximum 0.2 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 2.0 g.

STORAGE
In a well-filled container, protected from light.

LABElLING
The label states, where applicable, that the substance is
intended fur use in parenteral nutrition.
________~ PhEur

TrigIyceroI Diisostearate
(ph. Ew: monograph. 2032)

PhBr _

DEFINITION
Mixture of polyglycerol diesters of mainly isostearic acid,
obtained by esterification of polyglycerol and isostearic acid.
The polyglyceroi consists mainly of triglycerol.

2020

CHARACTERS
Appearance
Clear, yellowish, viscous liquid.

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 plates of sodium chloride R.

Comparison triglycerol diisostearate CRS.

B. Composition of fatty acids (see Tests).

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BY3 (2.2.2~ Method 1).

Mix 10 mL with 10 mL of ethanol (96 per cent) R.

Acid value (2.5.1)
Maximum 3.0, determined on 1.0 g.

Hydroxyl value (2.5.3~ MethodA)
180 to 230, determined on 0.25 g.

Iodine value (2.5.4~ Method B)
Maximum 5.0.

Peroxide value (2.5.5~ Method B)
Maximum 6.0.

Saponification value (2.5.6)
128 to 160.

Composition of fatty acids (2.4.22~ Method B)
Use the mixture of calibrating substances in Table 2.4.22.-1.

Composition of the fatty-acidfraction of the substance:
- sum of the contents of thefatty acids eluting between palmitic

acid and stearic acid: minimum 60.0 per cent;
- sum of the contents of myristic acid,palmiticacid 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 examined in the crucible and weigh. Dry at
100-105 °C for 1 h and ignite in a muffle furnace at
600°C ± 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..." .

STORAGE
In an airtight container, protected from light.
____________________ PhEur
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PhEur _

DEFINITION
(lRS)-1-Cyc1ohexyl-1-phenyl-3-(piperidin-1-yl)propan-1-01
hydrochloride.

Content
99.0 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 ethanol
(96 per cent) and in methylene chloride.

mp
About 250°C, with decomposition.

IDENI1FICATION
Firstidentification A" D.
Secondidentification B" C, D.
A.lnfrared absorption spectrophotometry (2,2.24).

Comparison trihexyphenidyl hydrochloride CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 mg of the substance to be
examined in a mixture of 20 volumes of methanol R and
80 volumes of methylene chloride R and dilute to 10 mL with
the same mixture of solvents.

Reference solution Dissolve 25 mg of trihexyphenidyl
hydrochloride CRS in a mixture of 20 volumes of methanol R
and 80 volumes of methylene chloride R and dilute to 10 mL
with the same mixture of solvents.

Plate TLC silica gel G plateR.

Mobilephase diethylamine R, hexane R (5:95 VIV).
Application 5 ilL.

Development Over 2/3 of the plate.
Drying In air.

Detection Spray with a 0.1 gIL solution of chloroplatinic
acidR in hydrochloric acidR containing 0.4 per cent VIVof
hydriodic acidR.

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 0.5 gin 5 mL of warm methanol R and make just
alkaline to redlitmuspaperR with sodium hydroxide solution R.
A precipitate is formed which, after recrystallisationfrom
methanol R, melts (2.2.14) at about 113°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 heating in 25 mL of carbon dioxide-jree
waterR. Cool to room temperature and dilute to 50 mL with
carbon dioxide-free waterR.

Optical rotation (2.2.7)
-0.10° to + 0.10°.

Dissolve 1.25 g in a mixture of 20 volumes of 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).

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
200.0 mL with the mobile phase. Dilute 10.0 mL to
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 1 mL of reference solution (b),
add 1 mL of the test solution and dilute to 100 mL with the
mobile phase.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 urn).

Mobzle phase Mix 200 mL of waterR 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 IlL.
Run time 3 times the retention time of trihexyphenidyl.

System suitabzlity Reference solution (d):
- resolution: minimum 4.0 between the peaks due to

trihexyphenidyl and to impurity A.
Limits:
- 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 (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 obtained with reference 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
an oven at 105°C.

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

ASSAY
Dissolve 0.250 gin 50 mL of ethanol (96 per cent) R and add
5.0 mL of 0.01 M hydrochloric acid. Carry out a

52-49-3

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

Hel and enantiomer

337.9

(ph. Bur. monograph 1626)

Trihexyphenidyl Hydrochloride

Action and use
Anticholinergic.

Preparation
Trihexyphenidyl Tablets
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Test solution Dissolve 10 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 m.L 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 10.0 mL of the
solvent mixture. Dilute 1.0 mL of this solution to 20.0 mL
with the solvent mixture.

Reference solUJion (c) Dissolve the contents of a vial of
trimebutine for system suitability CRS (containing impurities D
and E) in 1.0 mL of reference solution (b).

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsz"bJl silica gelfor

chromatography with embedded polargroups R (5 urn);
- temperature: 25°C.

Mobile phase:
-mobz7e phaseA: dissolve 3.6 g ofanhydrous sodium

dihydragen phosphate R in 990 mL of waterR and adjust to
pH 3.0 .with phosphoric acidR; dilute to 1000 mL with
waterR;

- mobile phaseB: acetonitrile R1;

potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mLof 0.1 M sodium hydroxide h equivalent to 33.79 mg of
CzoH3zClNO.

IMPURITIES

A. I-phenyl-3-(piperidin-l-yl)propan-l-one.
____________________ PhEur

Trimebutine Maleate
(Ph. Eur. monograph 2182)

TUne
(min)

Mobile phase A
(per cent VIJI)

Mobile phase B
(per cent VIJI)

503.5

Action and use
Treatment of irritable bowel syndrome.

34140-59-5
0-3

3 - 6.5

6.5 -15

15 - 35

78

78 - 65

65 - 60
60

22

22 - 35

35 - 40
40

PhEur _

DEFINITION
(2RS)-2-(Dimethylamino)-2-phenylbutyl
3,4,5-trimethoxybenzoate (Z)-butenedioate.

Content
99.0 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
. Slightly soluble in water, soluble in acetonitrile, sparingly

soluble in acetone, slightly soluble.in ethanol (96 per cent).

mp
About 133°C.

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison: trimebutine maleate CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2~

Method II).

Dissolve 0.5 g in acetone R, sonicate and dilute to 100 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Dissolve 0.24 g of anhydrous sodium
dihydrogen phosphate R in 180 mL of waterR and adjust to
pH 2.5 with dilute phosphoric acid R; dilute to 200 mL with
waterR. Add 50 mL of acetonitrile R and mix.

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 215 nm.

Injection 20 pL of the test solution and reference
solutions (a) and (c).

Identification ofimpurities Use the chromatogram supplied
with trimebutine for system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities C, D and E.

Relativeretention With reference to trimebutine (retention
time = about 12 min): maleic acid = about 0.17;
impurity-E =about 0.9; impurity D =about 1.3;
impurity C =about 1.4.

System suitabiliry Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurities D and C;
- peak-to-valley ratio: minimum 10, 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
trimebutine.

Limits:
- impurityE: 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 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);
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and enantiomer

___________________ Ph£ur

13171-25-0339.3

OCH3

rN~OCH3, 2HCI

HN~ U
OCH3

Action and use
Vasodilator.

E. (2R5)-2-(methylamino)-2-phenylbutyl
3,4,5-trimethoxybenzoate.

(Trimetazidine Dihydrochloride, Ph. Eur. monograph
1741)

Trimetazidine Hydrochloride

- 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 (2.2.32)
M:a.xmrum. 0.5 per cent, determined on 1.000 g by drying in
an 0VCl at lOS "C.

Sul&ted ash (2.4.14)
.Maximum. 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50mL of anhydrous aceuc acid R. 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 50.35 mg of
e2oH3~09'

IMPURITIES
Specifiedimpurities E.

Other detectable impurities (the following substances would, if
present at a sufficientlevel, be detected by oneorotherof the tests
in themonograph. ··Theyarelimitedby thegeneral acceptance
criterionjor other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therrifure not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D.

B.~4~-trUnemo~bemokaci~

A. (2RS)-2-(dimethylamino)-2-phenylbutanol,

Ph£ur _

DEFINITION
1-(2,3,4-Trimethoxybemyl)piperazine dihydrochloride.

Content
~.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder, slightly
hygroscopic.

Solubility
Freely soluble in water, sparingly soluble in alcohol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of trimetazidine
dihydrochloride.

B. Dissolve 25 mg in 5 mL of waterR. 2 mLof the solution
gives reaction (a) of chlorides (2.3.1).

TESTS
Appear.anceofsolution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, Method 11).

Dissolve 1.0 g in waterR and dilute to 10 mL with the same
solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution 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 trimetazidine for
system 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
100.0 mL with waterR. Dilute 5.0mL of this solution to
100.0 mL with waterR.

Reference solution (c) Dilute 25.0 mL of reference
solution (b) to 50.0 mL with waterR.

andenantiomer

andenantiomer

D. (IRS)-I-[(dimethylamino)methyl]-l-phenylpropyl
3,4,5-trUnetho~bemoate,

e. methyl 3,4,5-trUnemo~bemoate,
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Column:
- size: 1= 0.15 m, 0 = 4.6 mm,
- stationary phase: spherical octadecylsilyl silica gelfor

chromatography R (5 1JIIl) with a pore size of 10 nm,
- temperature: 30°C.

Mobz7e phase:
- mobile phase A: mix 357 volumes bf methanol Rand

643 volumes of a 2.87 g/L solution of sodium
heptanesulfonate R adjusted to pH 3.0 with dilute phosphoric
acidR,

- mobile phase B: methanol R,

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 240 nm,

Equz7ibration For at least 1 h with the mobile phase at the
initial composition.

Injection 10 ilL.
Relative retention 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-to-valley ratio: minimum 3, 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 principal peak in the
chromatogram obtained with reference solution (a);

- signal-to-noise ratio: minimum 10 for the 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 = 0.37; impurity F = 0.71;

- impurities A, B, C, DJ E, FJ HJ 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);

- any other impurity: 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 per cent).

ImpurityG
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 22.6 mg of piperazine hydrate R in
methanol R and dilute to 100 mL with the same solvent.
Dilute 10 mL of the solution to 100 mL with methanol R.
Plate TLC silica gelplate R.

Mobile phase concentrated ammonia R, alcohol R (20:80 VIV).

A. 1-(3,4,5-trimethoxybenzyl)piperazine,

E. 1-(2,4,5-trimethoxybenzyl)piperazine,

D. (2,3,4-trimethoxyphenyl)methanol,

OCH3

~
' OCHs

HO I
'- OCH3

C.2,3,4-trimethoxybenzaldehyde,

OCH3

OHC~OCH,

U OCHs

Application 10 J,lL.
Development Over 2/3 of the plate.

Drying At 100..105 °C for 30 min.

Detection Spray with iodoplarinate reagent R.

Limit.
- impurity 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
an oven at 105°C over diphosphorus pentoxide R 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 gin 50.0 mL of waterR. Add 1 mL of nitric
add R and titrate with 0.1 M silvernitrate, determining the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M silvernitrateis equivalent to 16.96 mg
of C1.JI24ClzNz03'

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A., B., C., D, E, FJ G, H, 1.

B. 1,4-bis(2,3,4-trimethoxybenzyl)piperazine,

5 -l' 25

25 -+ 5

Mobile phase B
(per cent VIJI)

95 -l' 75

75 -l' 95

Mobile phase A
(per cent VIJI)

Time
(min)

0-50

50 - 52
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PhEur ...,-- _

____________________ PhEur

STORAGE
Protected from light.

c. To 2 mL of solution S (see Tests) add 1 mL of barium
hydroxide solution R. A white precipitate is formed, which
dissolves on addition of 1 mL of dilute hydrochloric acidR.
D. Dissolve 0.3 g in a mixture of 5 mL of alcoholic potassium
hydroxide solution R and 5 mL of ethanol (96 percent) R.
Allow to stand for 10 min. Add 0.05 mL of phenolphthalein
solution R1 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 alkalinity
To 10 mL of solution S add 0.1 mL of methylredsolution R.
Not more than 0.1 mL of 0.01 M hydrochloric 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 gelR for 6 h.

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

ASSAY
Gas chromatography (2.2.28).

Internalstandard solution Dissolve 0.125 g of decanol R in
anhydrous ethanol R and dilute to 25 mL with the same
solvent.

Testsolution Dissolve 0.100 g of the substance to be
examined in the internal standard solution and dilute to
10.0 mL with the same solution.

Reference solution Dissolve 0.100 g of trimethadione CRS in
the internal standard solution and dilute to 10.0 mL with the
same solution.

Column:
- material: stainless steel,
- size: l = 0.75 m, 0 = 3 mm,
- .stationary phase: styrene-divinylbenzene copolymer R

(125-150 urn).

Carrier gas nitrogen for chromatography R.

Flow rate 20 mUmin.

Temperature:
- column: 210 °C,
- injection port: 240°C,
- detector: 270 °C.

Detection Flame ionisation.

Injection 1 J.LL.
Calculate the content of C6HgN0 3 from the declared
content of trimethadione CRS.

127-48-0143.1

r NH

HN~

(Ph. Bur. monograph 0440)

DEFINITION
3,5,5-Trimethyloxazolidine-2,4-dione.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Colourless or almost colourless crystals.

Solubility
Soluble in water, very soluble in ethanol (96 per cent).

IDENTIFICATION
Pz'rst identification: B.

Second identification: A, C, D.
A. Melting point (2.2.14): 45°C to 47 °C, determined
without previous drying.

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.

Action and use .
Antiepileptic.

H. ethyl 4-(2,3,4-trimethoxybenzyl)piperazine-l-carboxylate,

G. piperazine,

F. 1-(2,4,6-trimethoxybenzyl)piperazine,

Trimethadione

____________________ PhEur

I. 1-methyl-4-(2,3,4-trimethoxybenzyl)piperazine (N
methyltrimetazidine) .
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Trlmethoprlrn

DEFINITION
5-(3,4,5-Trimethoxybenzyl)pyrimidine-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
Firstidentification: C.

Second identification: A, B~ D.
A. Melting point (2.2.14): 199 DC to 203 DC.

B~ Dissolve about 20 mg inO.1M 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 sodium hydroxide.
Examined between 230 nm and 350 nm (2.2.25), the
solution shows an absorption maximum at 287 nm.
The specific absorbance at the absorption maximum is
240 to 250.

C. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison trimethoprim CRS.

D. Dissolve about 25 mg, heating if necessary, in 5mL 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 of formaldehyde R.
Mix, add 1 mL of 0.5 M sulfuricacid, mix and heat again 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 nm, shows green
fluorescence.

(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

PhEur

738-70-5

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BY7 (2.2.2, MethodII).
Dissolve 0.5 gin 10 mL of a mixture of 1 volume of water R,
4.5 volumes of methanol R and 5 volumes of methylene
chloride R.

Related substances
A. 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 (aJ Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase.

Reference solution (b) Dissolve the contents of a vial of
trimethoprim for system suitability CRS (containing impurity E)
in 1 mL of the mobile phase.

Column:
- size: l =0.250m, 0 = 4.0.mm;
- stationary phase: base-deactivated octadecylsilyl silica gel

for chromatography R (5 um).

Mobz1e phase Mix 30 volumes of methanol R and 70 volumes
of a 1.4 g/L solution of sodium perchlorate R adjusted to
pH 3.6 with phosphoric acidR.

Flow rate 1.3 mIJmin.

Detection Spectrophotometer at 280 nm.

Injection 20 ul, loop injector.

Run time 11 times the retention time of trimethoprim.

Relative retention With reference to trimethoprim (retention
time = about 5 min): impurity C = about 0.8;
impurity E = about 0.9; impurity A = about 1.5;
impurity D = about 2.0; impurity G = about 2.1;
impurity B = about 2.3; impurity J = about 2.7;
impurity F = about 4.0.

System suitabz1ity Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity E and trimethoprim.

Limits:
- correction factors: for the calculation of content,

multiply the peak areas of the following impurities by
the corresponding correction factor:
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) (0.1 per cent);

- total: not more than 0.4 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- disregard limit: 0.04 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.02 per cent); disregard any peak
corresponding to impurity H (relative
retention = about 10.3).

B. 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 (aJ Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase.

Reference solution (bJ Dissolve 5.0 mg of trimethoprim CRS
and 5.0 mgof trimethoprim impurity B CRS in the mobile
phase and dilute to 100.0 mL with the mobile phase.
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D. 2-amino-5-(3,4,5-trimethoxybe~l)pyrimidin-4-01,

C. (RS)-(2,4-diaminopyrimidin-5-yl)(3,4,5-trimethoxyphenyl)
methanol,

A. lV2-methyl-5-(3,4,5-trimethoxybe~l)pyrimidine-2,4
diamine,

andenantiomer

NH2 H pH

Yyc:~ OCH3

N I I
H2N~N ~ OCH3

OCH3

B. (2,4-diaminopyrimidin-5-yl) (3,4,5
trimethoxyphenyl)methanone,

OH

~
~ OCH3

N I I
H2N

AN ~ OCH3

OCH3

- repeatability: maximum relative standard deviation of
5.0 per cent after 6 injections.

Limit:
- impurity 1<: not more than the area of the corresponding

peak in the chromatogram obtained with the reference
solution (5 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 50 mL of anhydrous acetic 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 29.03 mg of
Cl~18N403.

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.

Column:
- size: 1=0.25 m, 0 =4.6 mm;
- stationary phase: min1e silica gelfor chromatography R

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

Mom7e phase Dissolve 1.14 g of sodium hexanesulfonate R in
600 mL of a 13.6 gIL solution of potassium dihydrogen
phosphate R; adjust to pH 3.1 with phosphoric acidR and mix
with 400 mL of methanol R.
Flow rate 0.8 mUmin.

Detection Spectrophotometer at 280 nm.
Injection 20 J.LL loop injector.

Run time 6 times the retention time of trimethoprim.

Relativeretention With reference to trimethoprim (retention
time = about 4 min): impurity H = about 1.8;
impurity I = about 4.9.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due 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 I =0.28;

- any impurity: not more than 0.2 times the area of the
principal peak in 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 obtained with reference
solution (a) (0.2 per cent);

- disregard limit: 0.04 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.02 per cent); disregard any peak due to
impurity B (relative retention =about 1.3).

Impurity K
Gas chromatography (2.2.28).
Test solution 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 1,1-dimethylethyl methyletherR, shake thoroughly
and centrifuge for 10 min. Use the upper layer.

Reference solution Dilute 5.0 mL of hydrochloric acidR to
50.0 mL with waterR, add 12.5 mg of aniline R and shake
thoroughly. Add 10.0 ~ of this solution and 10.0 mL of
1,1-dimethylethyl methyletherR to 35.0 mL of citrate buffer
solution pH 5.0 R, shake thoroughly and centrifuge for
10 min. Use the upper layer.

Column:
- material: fused silica;
- size: 1=30 m, (2) =0.53 nun;
- stationary phase: poly(dimethyl)siloxane R (film thickness

3 JlIIl).

Carrier gas helium for chromatography R.
Flow rate 12 mUmin.

Temperature:
- column: 80°C;
- injection port: 230°C;
- detector: 270 DC.

Detection Nitrogen-phosphorus detector.

Injection 3 ilL.

Run time 15 min.

System suitability Reference solution:
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521-78-8

COzH

and enantiomer • Ie
C02H

410.5

(Ph. Eur. monograph 0534)

Action and use
Monoamine reuptake inhibitor; tricyclic antidepressant.

Preparation
Trimipramine Tablets

PhEur _

TrimipramineMaleate

DEFINITION
(2RS)-3-(1 0, II-Dihydro-5H-dibenzo[b.J]azepin-5-yl)-N,N,2
trimethylpropan-l-amine hydrogen (2Z)-but-2-enedioate.

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

CHARACTERS
Appearance
White or almost white, 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 trimipramine maleate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.
Buffer solution pH 7.7 2.64 gIL solution ofammonium
phosphate R in waterfor chromatography R; adjust to pH 7.7
with phosphoric acidR.
Test solution Dissolve 50 mg of the substance to be
examined in the mobile phase and dilute to 100 mL with the
mobile phase.

Reference solution (a) Dissolve 5 mg of the substance to be
examined and 5 mg of iminodibenzyl R (impurity F) 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.

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: 1= 0.125 m, 0 = 4.0 mrn.;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase acetonitrile R1, buffer solution pH 7.7
(38:62 VIV).

Flo'w rate 1.5 mUmin.

Detection Spectrophotometer at 210 nm.

Injection 20 J.lL.
Run time 3 times the retention time of trimipramine.

o NCJC;XIOCH
3

~N ~ OCHH 3

OCH3

____________________ PhEur

H. methyl 3,4,5-trimethoxybenzoate,

G. 5-(4-ethoxy-3,5-dimethoxybenzyl)pyrimidine-2,4-diamine,

E. 4-amino-5-(3,4,5-trimethoxybenzyl)pyrimidin-2-ol,

F. 5~(3-bromo-4,5-dimethoxybenzyl)pyrimidine-2,4-diamine,

I. 3-(phenylamino)-2-(3,4,5-trlmethoxybenzyl)prop-2
enenitrile,

K. aniline.

J. 3,4,5-trimethoxybenzoic acid,
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Identification of impurities Use the chromatogram supplied
with trimipramine for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B, C, D and E; doubling of
the peak due to impurity E may be observed.

Relativeretention With reference to trimipramine (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 suitabt1ity:
- resolution: minimum 3.5 between the peaks due to

trimipramine and impurity F in the chromatogram
obtained with reference solution (a);

- the chromatogram obtained with reference solution (c) is
similar to the chromatogram supplied with trimipramine for
peak identification CRS.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity F by 0.5;
- impuritY E: not more than 3 times the area of the principal

peak in-the chromatogram obtained with reference
solution. (b) (0.3 per cent);

- impuritjJ" F: not more than 2 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- impurities A, B, C, D: 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 irapurity, 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).

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 gin 50 mL of anhydrous acetic 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 41.05 mg of
C2~30N204'

STORAGE
Protected from light.

L'\1.PURITIES
Specified impurities A, B, C, D, E, F.
Other det~ctable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby 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 also 5.10. Control of impurities
in substances forpharmaceutical use) G.

Trimipramine Maleate 11-1221

t8' CH~ I 3

" N~\ 7-CH3

H CH30 and enantiomer
f' ~
""'"-

A. (2RS)-3-(10,11-dihydro-5H-dibenzo[b.J]azepin-5-yl)-N,
N,2-trimethylpropan-l-amine N-oxide,

t8'~ ...CH3

.

N.~~ and enantiomer
H CH3

f' ~
""'"-

B. (2RS)-3-(10,11-dihydro-5H-dibenzo [b.J] azepin-5-yl)-N,2
dimethylpropan-l-amine,

t8
.,
~ ...CH3

N , N~ .X I and enantiomer
~ f' 3 CH3

~
""'"-

C. (2RS)-3-(5H-dibenzo[b,t]azepin-5-yl)-N,N,2
trimethylpropan-l-amine,

D. imipramine,

E. mixture of the stereoisomers of N-[3-(1O,1l-dihydro-5H
dibenzo [b.JJ azepm-5-yl)-2-methylpropyl]-N,N',N' ,2
tetramethylpropane-l,3-diamine,

F. 10,11-dihydro-5H-dibenzo [b.J] azepine,

G. 2-methyl-1O,11-dihydro-5H-dibenzo [b.J] azepine.
____________________ PhEur
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Triprolidine Hydrochloride

,He!

ASSAY
Carry out Method I for non-aqueous titration,
Appendix VTII A, using 0.25 g dissolved in a mixture of
50 mL of anhydrous acetic acidand 0.5 mL of acetic anhydride
and crystal violet solution as indicator. Each mL of O.lM
perchloric acid VS is equivalent to 15.74mg of C19H2zNz,
HCI.

DEFINITION
~ Triprolidine Hydrochloride is (E)-2-(3-pyrrolidin-l-yl-l..p

tolylprop l-enyl)pyridine hydrochloride monohydrate.
It contains not less than 98.5% and not more than 101.0%
of C19HzzNz,HCI, calculated with reference to the anhydrous
substance.

(Ph. Bur. monograph 1053)

77-86-1

OH
.<.NH2

HO~OH

121.1

Action and use
Organic amine proton acceptor; alkalinizing agent.

Trometamol
6138-79-0332.9

Action and use
Histamine HI receptor antagonist; antihistamine.

Preparation
Triprolidine Tablets

C~CTEEUSTICS

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 ITA, is
concordant with the reference spectrum of triprolidine
hydrochloride (RS 356).

B. Yields reaction A characteristic of chlorides, Appendix VI.

TESTS
Related substances
Carry out the method for thin-layer chromatography,
Appendix In A, using the following solutions in methanol.
(1) 1.0% w/v of the substance being examined.

(2) 0.020% w/v of Z-triprolidine hydrochloride BPCRS.
(3) 0.010% w/v of the substance being examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel F254 (Merck silica gel 60 FZ54

plates are suitable).

(b) Use the mobile phase as described below.

(c) Apply 5 J.tL of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, dry in air, examine under
ultraviolet l£ght (254 nm).

MOBILE PHASE

Equal volumes of butan-Z-cne and dimethylformamide.

LIMITS

In the chromatogram obtained with solution (1):

any spot corresponding to Z-triprolidine is not more intense
than the spot in the chromatogram obtained with solution
(2);

and any other secondary spotis not more intense than the spot
in the chromatogram obtained with solution (3).

Sulfated ash
Not more than 0.1 %, Appendix IX A.

Water
4.5 to 6.0% w/w, Appendix IX C. Use 0.4 g.

PhEur _

DEFINITION
Trometamol contains not less than 99.0 per cent and not
more than the equivalent of 100.5 per cent of
aminomethylidynetri(methanol), calculated with reference to
the dried substance.

CHARACTERS
A white or almost white, crystalline powder, or colourless
crystals, freely soluble in water, sparingly soluble in alcohol,
very slightly soluble in ethyl acetate.

IDENTIFICATION
First identification: B, C.
Secondidentification: A, B, D.
A. Solution S (see Tests) is strongly alkaline (2.2.4).

B. Melting point (2:2.14): 168°C to 174 °C.

C. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
trometamol 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 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, Method11).

pH (2.2.3)
The pH of freshly prepared solution S is 10.0 to 11.5.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gelGRas the coating substance. Wash the plate with
methanol R before applying the solutions.

Test solution (a) Dissolve 0.20 gin 1 mL of water R, with
heating, and dilute to 10 mL with methanol R.
Test solution (b) Dilute 1 mL of test solution (a) to lOmL
with methanol R.
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Reference solution (a) Dissolve 20 mg of trometamol CRS in
methanol R and dilute to 10 mL with the same solvent.

Reference solution (b) Dilute 1 mL of test solution (a) to
100 mL with methanolR.

Apply to the plate 10 IJ,L of each solution. Develop over a
path of 10 em using a mixture of 10 volumes of dilute
ammoniaRl and 90 volumes of 2-propanol R. Dry the plate
at 100 "C to 105 "C. Spray with. a 5 gIL solution oi potassium
permanganate R in a 10.gfL solution of sodiumcarbonate 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 dilutenitric acidR
and dilute to 15 mL with mater R. The solution complies
with the limit test 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 .solution complies with the limit test for iron
(10 ppm).

Loss on dryirig (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.

Bacterial endotoxins (2.6.14)
Less than 0.03 IV/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 of water R. Add 0.2 mL of methyl
redsolution R. Titrate with.0.1 M hydrochloric aciduntil the
colour changes from yellow to red.

1 mL of 0.1 M hydrochloric add is equivalent to 12.11 mg of
e4H u N 0 3•

IMPURITIES

A. nitromethylidynetri(methanol).
____________________ PhEur

Tropicamide
(ph. Eur. monograph 1159)

~
~ 0

# N~ andenantiomer

\H ~,.u~N
OH CH3

1508-75-4

Action and use
Anticholinergic.

Preparation
Tropicamide Eye Drops

Tropicamide 11-1223

PhEur _

DEFINITION
(2RS)-N-Ethyl-3-hydroxy-2-phenyl-N-(pyridin-4-ylmethyl)
propanamide.

Content
99.0 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) and in methylene chloride.

IDENflFICATION
First identification: C.
Second identification: A, B, D, E.
A. Melting point (2.2.14): 95 -c to 98 -c,
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 20.0 mg in 0.1 M hydrochloric acid and
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 nm.
Absorption maximum At 254 nm.
Specific absorbance at the absorption maximum 170 to 190.

e. Infrared absorption spectrophotometry (2.2.24).

Comparison tropicamide CRS.

D. Thin-layer chromatography (22.27).

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 tropicamide CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.

Plate TLC silica gelFZ54 plate R.

Mobile phase concentrated ammoniaR, methanol R, methylene
chloride R (0.5:5:95 V/V/V).

Application 10 JiL.
Development 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 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 mL of acetic acidR and 0.1 g of citric
acid monohydrate 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 ethanol (96 per cent) R and dilute to 10 mL
with the same solvent.

Optical rotation (2.2.7)
-0.1 ° to + 0.10

•

Dissolve 2.5 g in anhydrous ethanol R and dilute to 25.0 mL
with the same solvent.
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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 Rl and dilute to 50.0 mL
with waterfor chromatography R.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 m.L 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)
methyljpyridine R (impurity A), 5.0 mg of tropicamide
impurityC CRS and 5.0 mg of tropicamide impurity D CRS in
2 mL of acetonitrile Rl and dilute to 50.0 mL with water for
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 forpeak
identification CRS (containing impurity B) in 1.0 mL of

~ acetonitrile Rl and dilute to 10.0 mL with waterfor
chromatography R.

Reference solution (d) To 1 mL of reference solution (b) add
1 mL of reference solution (c).

Reference solution (e) Dilute 1.5 mLof reference solution (b)
to 10.0 mL with waterfor chromatography R.
Column:
- size:1= 0.15 m, (2) = 4.6 nun;
- stationary phase: end-capped octadecylsilyl silica gelfor

dzromatography R (3 JlII1);
- temperature: 40°C.

Mobilephase Dissolve 0.135 g of sodium dodecyl sulfate R
and 3.4 mL of phosphoric acid R in 950 mL of water for
chromatography R. Adjust to pH 3.0 with strong sodium
hydroxide solution R and dilute to 1000 mL with water for
chromatography R. Mix 73 volumes of this solution with
27 volumes of acetonitrile RI.
Flow rate 0.8 mUmin.

Detection Spectrophotometer at 210 nm and at 254 nm.

Injection 15 lJ,L.
Run time 3 times the retention time of tropicamide.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity B; use the chromatogram obtained with reference
solution (b) to identify the peaks due to impurities A, C
andD.

Relativeretention With reference to tropicamide (retention
time = about 11 min): impurity C = about 0.4;
impurity A = about 0.5; impurity D = about 0.8;
impurity B = about 2.3.

System suitabz1ity Reference solution (d):
- resolution at 210 nm:minimum 2.0 between the peaks due

to impurities C and A;
- resolution at 210 nm: minimum 2.0 between the peaks due

to impurities A and D.

Limits:
- correction factors: 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;

- impurityB 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);

- impurity A at 254 nm: not more than 1.5 times the area of
the principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cent);

2020

- impurity 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);

- impurityD at 210 nm: not more than the area of the
corresponding peak inthe chromatogram obtained with
reference solution (e) (0.15 per cent);

- unspecified impurities at 254 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 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 acetic acid R, cool and
dilute to 10 mL with the same acid. Dilute 5 m.L of this
solution 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 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 acetic acid R.
Add 0.2 mL of naphtholbenzein solution R and titrate with
0.1 M perchloric aciduntil the colour changes from orange to
green.

1 mL of 0.1 M perchloric acid is equivalent to 28.44 mg of
C17H20N202.

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,

.~I co H
# \H 2 and enantiomer

OH

C. (2RS)-3-hydroxy-2-phenylpropanoic acid (tropic acid),

QC02H

D. phenylacetic acid.
______~ PhEur
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PhEur _

Tropisetron Hydrochloride

DEFINITION
Hydrochloride of (lR,3r,5S)-8-methyl-8-azabicycio[3.2.1]oet
3-yl 1H-indole-3-car~oxylate.

Content ..:i.'
99.0 per cent to 10rO per cent (dried substance).

CHARACTERS.-" .
Appearance
White or almost white powder.

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

solution add 5 mL of a 400 gIL solution of potassium iodide R
and dilute to 100 mL with waterR. Then spray with strong
hydrogen peroxide solution R.

Results . For both detection methods, 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 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 B7 (2.2.2, MethodII).

Dissolve 1.00 g in waterR and dilute to 20 mL with the
same solvent.

Impurity A
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.200 g of the substance to be
examined in a mixture of equal volumes of methanol Rand
methylene chloride R and dilute to 5.0 mL with the same
mixture of solvents.

Reference solution (a) Dissolve 5.0 mg of tropine CRS
(impurity A) in a mixture of equal volumes of methanol R
and methylene chloride 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 R and
methylene chloride R. To 0.1 mL of this solution add 1.0 mL
of reference solution (a).

Plate TLC silica gelF254 plateR.

Mobile phase ammoniaR, methanol R, methylene chJJ;Jride R
(5:40:60 V/V/V).

Applz'cation 10 ilL.

Development Over 2/3 of the plate.

Drying In a current of cold air.

Detection Dip the plate in potassium iodobismuthate
solution Rl.

System suitabilz'ty Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Lz'mz't:
- impurity A: any spot due to impurity A 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).

Test solution 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 ofthis
solution to 10.0 mL with mobile phase A.

Reference solution (b) Dissolve 5.0mg of tropisetron
impurityB CRS and 5 mg of ethylindole-S-carboxylate CRS in
mobile phase A and dilute to 20.0 mL with mobile phase A.
Dilute 1.0 mL of this solution to 50.0 mL with mobile
phase A.

Column:
- size: 1= 0.25 m, (2) =4.6 mID;
- stationary phase: octylsz'lyl silica gelfor chromatography R

(5 /lID).

Mobile phase:
- mobile phaseA: triethylamine R, acetonitrile R, waterR,

methanol R (0.3:35:400:565 V/V/VIV);

105826-92-4

• He!

320.8

° ~H ]
H

HNdO" ~~-~-~~
=- H

\. II

(Ph. Bur. monograph 2102)

Action and use
Serotonin 5HT3 receptor antagonist; antiemetic.

IDENTIFICATION
First identification: B, D.

Secondidentification: A, C, D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50 mg in methanolR and dilute to
25.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 100.0 mL with methanolR.

Spectral range 220-360 nm.
Absorption maxima At 228 nm and 282 DID.

Absorbance ratio A22s1A282 =1.3 to 1.4.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison tropisetron hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in a mixture of equal volumes of methanolR 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 gelF254 plate R.

Mobile phase anhydrous formic acid R, waterR, methanol R,
methylene chloride R (2:2:30:70 V/V/V/V).

Application 5 ilL.

Development Over 2/3 of the plate.

Drying In cold air.

Detection A Examine in ultraviolet light at 254 nm.

Detection B Spray first with a solution prepared as follows:
dissolve 0.85 g of bismuth subnitrate R in a mixture of 10 mL
of acetic acid R and 40 mL of water R; to 5 mL of this
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10405-02-4428.0

Injection 20 J.LL.
Limit:
- N.,N-dimethylaniline: 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)
Maximum 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 gin 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 perchloric acid is equivalent to 32.08 mg
of C17Hz1CINzOz.

IMPURITIES
Specified impun"ties A, B.

A. (lR,3r,5S)-8-methyl-8-azabicydo[3.2.1]octan-3-01
(tropine),

Trospium Chloride

PhEur _

B. 1H-indole-3-carboxylic acid.

Action and use
Anticholinergic.

Preparations
Trospium Chloride Prolonged-release Capsules

Trospium Chloride Tablets

(Ph. Bur. monograph 1798)

DEFINITION
(lR,3r,5S)-3-[(Hydroxydiphenylacetyl)oxy]spiro[8
azoniabicyclo(3.2.1]octane-8,1'-pyrrolidinium] chloride.

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

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-14 100 0

14 - 32 100 - 0 0-100

32 - 36 0 100

36 - 37 0-100 100 -0

37 - 52 100 0

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-10 100 0

10 - 11 100 - 0 0-100

11 - 30 0 100

30 - 31 0-100 100 - 0
31 - 50 100 0

- mobile phase B: tr£ethylamine R, acetonitrile R, water R,
methanol R (0.3:100:100:800 VIVIVIV);

Flow rate 1 mIJmin.
Detection Spectrophotometer at 248 nm,

Flow rate 2 mIJmin.

Detection Spectrophotometer at 280 nm.
Injection 20 J.LL.
Relativeretention With reference to tropisetron (retention
time =about 22 min): impurity B =about 0.05; ethyl indole
3-earboxylate = about 0.2.

System suitability) Reference solution (b):
- resolution: minimum 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 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).

N,N-Dimethylaniline
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Testsolution 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 m.L of this solution to 100.0 mL with
mobile phase A.

Column:
- size: 1=0.25 m, {2) =4.6 mID;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 j.U11).

Mobz1e phase:
- mobile phase A: triethylamine R, acetonitrile R, water R,

methanol R (0.3:35:400:565 VIVIVIV);
- mobile phaseB: triethylamine R, acetonitrile R, water R;

methanol R (0.3:100:100:800 VIVIVIV);
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CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble in water, freely soluble in methanol, practically
insoluble in methylene chloride.

IDENTIFICATION
A. Infrared 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 water R and dilute to
30 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution B7 (2.2.2~ MethodII).

pH (2.2.3)
5.0 to 7.0.

Dilute 5 mL of solution S to 50 mL with carbon dioxide-free
waterR.' .,-

ImpurityC
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in 2.0 mL of methanolR.
Reference solution (a) Dissolve 1.0 mg of trospium
z"mpuriry 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).

Plate TLC silica gelplate R.

Mob£le phase glacial acetic acidR, hydrochloric acidR,
acetonitrile R (1:3.5:45 V/V/V).

Appl£cation 10 J,tL as bands.

Development Over 2/3 of the plate.

Drying In a current of wann air until the odour of acetic
acid is no longer perceptible.

Detection Spray with potassium iodobismuthate solution R and
subsequently with a 5 gIL solution of sodium nitrite R.
System suz"tab£lz"ry Reference solution (b):
- the chromatogram shows 2 clearly visible and separated

zones.

Limit:
- z"mpurity C: any zone due to impurity e is not more

intense than the zone in the chromatogram obtained with
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 trospium
z"mpuriry 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
z"mpuriry 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 mobile phase.

Trospium Chloride ll-1227

Column:
- size: I :;: 0.25 m, 0 = 4.6 mID;
- stationary phase: end-capped ocrylsilyl S£1£Ca gelfar

chromatography R (5 um);
- temperature: 40 "C.

Mob£le phase Mix 1 volume of triethylamine R and
3 volumes ofphosphoric acidRwith 700 volumes of water R
and add 300 volumes of acetonitrile R.
Flowrate 1 mLImin.

Detection Spectrophotometer at 215 om.

Injection 20 J,tL.
Run time 3 times the retention time of trospium.

Relativeretention With reference to trospium (retention
time = about 10 min): impurity B = about 0.7;
impurity A = about 1.9.

System suz"tabllz"ty Reference solution (c):
- resolution: minimum 3 between the peaks due to

impurity Band trospium.

Limits:
- z"mpurity B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.5 per cent);

- impurityA: not more than 3 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (c) (0.3 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 obtained with reference solution (c)
(0.10 per cent);

- total: not more than twice the area of the peak due to
impurity B in the chromatogram obtained with reference
solution (c) (1.0 per cent);

- disregard limit: 0.1 times the area of the peak due to
impurity B 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
Dissolve 0.300 g in 50 mL of waterR. Titrate with
0.1 M siluer nitrate, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M siluer nitrate is equivalent to 42.80 mg
of C2sH30CIN03.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A~ B~ C.

A. hydroxydiphenylacetic acid (benzilic acid),
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____________________ PhEur
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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 the mobile phase.

Reference solution (a) Dissolve 10.0 mg of troxerutin CRS in
the mobile phase, if necessary using an ultrasonic bath and
dilute to 10.0 mL with the mobile phase.

Reference solution (b) Dilute 1 mL of reference solution (a)
to 10 rnL with the mobile phase. Dilute 1 mL of this
solution to 100 mL with the mobile phase.

Column:
- size: l =0.25 m, 0 =4.6 mm,
- stationaryphase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobilephase Mix 20 volumes of acetonitrile Rand
80 volumes of a 15.6 gIL solution of sodium dihydrogen
phosphate R adjusted to pH 4.4 with dilute phosphoric acidR
or dilutesodiumhydroxide solution R.

Flow rate 0.5 mIJmin.

Detection Spectrophotometer at 350 nm.

Injection 10 J.LL.
Run time Twice the retention time of the main compound
of troxerutin (tris(hydroxyethyl)rutin).

Relative retention With reference to· tris(hydroxyethyl)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 suitability Reference solution (a):
- peak-to-valley ratio: minimum 2.0, where Hp = height

above the baseline of the peak due to bis(hydroxyethyl)
rutin and H; = 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:
- principal peak: minimum 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 50 J.LL of ethylene oxidesolution R4 and 950 llL
of waterR and close tightly. Mix to obtain a homogeneous
solution. Heat at 70°C for 45 min.

Column:
- material: fused silica,
- size: I = 30 ID, 0 = 0.32 mm,
- staiionaty phase: poly(cyanopropyl)(7) (phenyl) (7) (methyl)

(86)siloxane R (film thickness 1 urn).

Carrier gas helium for chromatography R.

Flow rate 1.1 mUmin.

Static head-space conditions wh£ch may be used:
- equilibration temperature: 70°C,

7085-55-4743

H~~HO: ~':
OH OH ~

HO
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HO/"-......./O

Action and use
Bioflavonoid.

~
. ~ 0 H~H••• _••• _]

# 0" NH

- OH
H

" j

(ph. Bur. monograph 2133)

c. (lR,3r,5S)-3-hydroxyspiro[8-azoniabicyclo[3.2.1]
octane8,1 ! -pyrrolidinium] .

~~~dJ....y .... j

H

B. (IR,3r,5S)-8-azabicyclo[3.2.1]oct-3-yl
hydroxydiphenylacetate,

DEFINITION
Mixture of O-hydroxyethylated derivatives of rutoside
containing minimum 80 per cent of 2-[3,4-bis(2
hydroxyethoxy)phenyl] -3-[ [6-0-(6-deoxy-cx.-L
mannopyranosyl)-~-D-g1ucopyranosyl]oxy]-5-hydroxy-7-(2
hydroxyethoxy)-4H-l-benzopyran-4-oIle (tristhydroxyethyl)
rutin).

Content
95.0 per cent to 105.0 per cent (dried substance).

CHARACTERS
Appearance
YeUowish-green, crystalline powder, hygroscopic.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent) and practically 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 to the
principal peak in the chromatogram obtained with the
reference solution (a).

Troxerutin
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9002-07-7

an activity of not less than O.s microkatal per milligram,
calculated with reference to the dried substance. In solution,
it has maximum enzymic activity at pH 8; the activity is
reversibly inhibited at pH 3, the pH at which it is most
stable.

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 (2.6.10)
Not more than 1 ug of histamine base per 0.2 microkatal of
trypsin activity. Use a 10 gIL solution of the substance to be
examined in 0.0015 1'1 borate buffer solution pH 8.0 R
inactivated by heating on a water-bath for 30 min. Carry out
dilutions with a 9 gIL solution of sodium chloride R.

CHARACTERS
Appearance
"White or almost white, crystalline or amorphous powder,
hygroscopic if amorphous.

Solubility
Sparingly soluble in water.

IDENTIFICATION
A. Dilute 1 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 tosylarginine methylester
hydrochloride solution R. A reddish-violet colour develops
within 3 min.

B. Dilute 0.5 mL of solution S to 5 mL with waterR.
Add 0.1· mL of a 20 gIL solution of tosyl-lysyl-chloromethane
hydrochloride 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
tosylarginine methylester hydrochloride solution R. No reddish
violet colour develops within 3 min.

TESTS
Solution S
Dissolve 0.10 g in carbon dioxide-free waterR and dilute to
10.0 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than 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 nm; maximum 7.0, determined at the absorption
minimum at 250 nm.

Dissolve 30.0 mg in 0.001 M hydrochloric acidand dilute to
100.0 mL with the same acid.

Chymotrypsin
Test solution To 1.8 mL of buffer solution 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. Afterexacdy 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.

40

40 -> 200

150

250

Temperature
("C)

0-5

5 - 18

Time
(min)

Column

Injection port

Detector

Trypsin
(Ph. Bur. monograph 0694)

Detection Flame ionisation.

Injection 1.0 mL.
The peak due to ethylene oxide is identified by injecting
solutions of ethylene oxide of increasing concentration.

Determine the content of ethylene oxide (ppm) in the
substance to be examined using the following expression:

Action and use
Proteolytic enzyme.

DEFINITION
Trypsin is a proteolytic enzyme obtained by the activation of
trypsinogen extracted "from the pancreas of mammals. It has

Limit:
- ethylene oxide: maximum 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°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.4 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 gin 100.0 mL of waterR. 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 nm.

Calculate the percentage content of C33H4zO19 taking the
specific absorbance to be 250.

STORAGE
In an airtight container, protected from light.

Al area of the peak due to ethylene oxide in the chromatogram
obtained with the test solution,

A2 area of the peak due to ethylene oxide in the chromatogram
obtained with the reference solution,

mi mass of ethylene oxide in the reference solution, in micrograms,
m2 mass of the substance to be examined in the test solution, in

grams,
m3 mass of the substance to be examined in the reference solution,

in IJ:llIIlS.

- equilibration time: 45 min,
- transfer line temperature: 110°C,
- pressurisation time: 2 min,
- injection time: 12 s.
Temperature:
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Tryptophan
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DEFINITION
(2S)-2-Amino-3-( IH-indol-3-yl)propanoic 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 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 ideniification: A, 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 glacial acetic acidR, waterR (50:50 VIV).

Test solution 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.

Plate TLC silica gelplate R.
Mobile phase glacial acetic acid R, waterR, butanol R
(20:20:60 VIVIV).

Application 5 J,IL.
Development Over 2/3 of the plate.

Drying In air. l

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.

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.

m mass of the substance to be examined, in milligrams;
m' mass of trypsin BRP, in milligrams;
V volume of 0.1 M sodium hydroxide used per second by the test

solution;
V' volume of 0.1 M sodium hydroxide used per second by the

reference solution;
A activity of trypsin BRP, in microkarals per milligram.

m'xV
--xA
mxV'

The pH of the test solution is higher than that of the
reference solution.

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 104 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).

ASSAY
The activity of trypsin is determined by comparing the rate at
which it hydrolyses benzoylarginine ethyl ester 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:
- a device that will maintain a temperature of

25.0 ± 0.1 °C;
- a stirring device (for example, 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 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 other suitable electrodes.

Testsolution Dissolve a suitable quantity of the substance to
be examined in 0.001 M hydrochloric acid and dilute to
25.0 mL with the same acid in order to obtain a solution
containing approximately 700 nanokatals per millilitre.

Reference solution Dissolve 25.0 mg of trypsin BRP in
0.001 M hydrochloric acid and dilute to 25.0 mL with the
same acid.

Store the solutions at 0-5 "C. Wann 1 mL of each solution
to about 25°C over 15 min and use 50 J.LL of each solution
for each titration. Carry out the titration in an atmosphere of
nitrogen. Transfer 10.0 mL of 0.0015 M borate 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
benzoylargin£ne 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 Msodium hydroxide.
Add 50 ilL of the test solution and start a timer. Maintain at
pH 8.0 by the addition of 0.1 M sodiumhydroxide, the tip of
the microburette being immersed in the solution; note
the volume 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 calculatethe volume of 0.1 M sodium
hydroxide used per second.

Calculate the activity in microkatals per milligram using the
following expression:
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D. Dissolve about 20 mg in 10 mL of waterR. Add 5 mL of
dimeth;ylaminobe:nzaldeiryde solution R6 and 2 mL of
hydroch1mic acid Rl. Heat on a water-bath. A purple-blue
colour develops.

TESTS
Appeara.tU:e of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2~ Method II).

Dissolve 0.1 gin 1 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 waterR, heating on a water-bath if
necessary, 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.~~ystemsuitability.requirements described
in general chapter ~~? 46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.

SolutionA dilutehydrochloric 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 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 to 250.0 mL with solution A.
Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (l00 ppm NH4J R to 50.0 mL with solution A. Dilute
1.0 mL oftbis 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 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. Run a program
suitable for the determination of physiological amino acids.

System suitabil:ily Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

isoleucine and leucine.

Calculation ofpercentage contents:
- for any ninhydrin-positivesubstance detected at 570 nm,

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 nm for
quantification.

Limits:
- atry ninkydrin-positive substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.5 per cent;
- repurting threshold: 0.05 per cent.

Tryptophan 11-1231

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

Impurity A and other related substances
Liquid chromatography (2.2.29). Prepare the standard, testand
reference solutions immediately before use.

Buffer solution pH 2.3 Dissolve 3.90 g of sodiumdihydrogen
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 VIV').

Standard solution Dissolve 10.0 mg of Nracetylsryptophan R
in the solvent mixture and dilute to 100.0 mL with the
solvent mixture. Dilute 2.0 mL of this solution to 100.0 mL
with the solvent mixture.

Testsolution (a) Dissolve 0.10 g of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Testsolution (b) Dissolve 0.10 g of the substance to be
examined in the standard solution and dilute to 10.0 mL
with the standard solution.

Reference solution (aj Dissolve the contents of a vial of I.l'»
ethylidenebistryptophan CRS (impurity A) in 1.0 mL of the
solvent mixture.

Reference solution (b) Dissolve the contents of a vial of I.I'>
ethylidenebistryptophan CRS (impurity A) in 1.0 mL of the
standard solution.

Reference solution (c) Dilute 0.5 mL of reference solution (a)
to 5.0 mL with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 J.Ill1);
- temperature: 40°C.

Mobz1e phase:
- mobile phase A: acetonitrile R, buffer solution pH 2.3

(115:885 VIV);
- mobile phase B: acetonitrile R, buffer solution pH 2.3

(350:650 VIV);

Time Mobile phase A Mobile phase B
(min) (per cent VIJ') (per cent VIJ')

0-10 100 0

10 - 45 100 -> 0 0-> 100

45 - 65 0 100

Flow rate 0.7 mIJmin.

Detection Spectrophotometer at 220 nm.

Injection 20 Il1. of test solutions (a) and (b) and reference
solutions (b) and (c).

Retention time Tryptophan = about 8 min;
N-acetyltryptophan = about 29 min; impurity A = about
34 min.

System suitability:
- resolution: minimum 8.0 between the peaks due to

N-acetyltryptophan and impurity A in the chromatogram
obtained with reference solution (b); if necessary, adjust
the time programme for the 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);
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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-acetyltryptophan peak).

Limits Test solution (b):
- impurity 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-acetyltryptophan in the chromatogram obtained
with reference solution (b) (100 ppm);

- sum of impurities with a retention time greater than that of
tryptophan and up to 1.8 times the retention time of
N-acetyltryptophan: not more than 1.9 times the 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-acetyltryptophan in the chromatogram obtained with
reference solution (b); disregard the peak due to
N-acetyltryptophan. .

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 gin 3 mL of dilute nitric acidR 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 (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 20 ppm.

In a separating funnel, dissolve 0.50 gin 10 mL of dilute
hydrochloric acidR. Shake with 3 quantities, each of 10 mL,
of methylisobutyl ketone Rl, shaking for 3 min each time.
To the combined organic layers add 10 mL of waterRand
shake for 3 min. Examine 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 DC.

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

ASSAY
Dissolve 0.150 g in 3 mL of anhydrous formic acidR.
Add 50 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchloric add, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

2020

1 mL of 0.1 M perchloric acid is equivalent to 20.42 mg
of CllHlZNzOz.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.
Otherdetectable impun"ties (the following substances uiould; tf
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimitedby the general 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) B, C, D, E, F, G, H, I, J, K, L.

A. 3,3'-[ethane-l,l-diylbis(lH-indol-l,3-diyl)]bis[(2S)-2
aminopropanoic acid] (ethane-l,l-diylbistryptophan),

and epimerat C"

B. (2S)-2-amino-3-[(3RS)-3-hydroxy-2-oxo-2,3-dihydro-lH
indol-3-yl]propanoic acid (dioxyindolylalanine),

C. (2S)-2-amino-4-(2-aminophenyl)-4-oxo~p.tanoic acid
(kynurenine), -

¢?'YHN H.NH~ I 2

L> 'C02H

-=

HO

D. (2S)-2-amino-3-(5-hydroxy-lH-indol-3-yl)propanoic acid
(5-hydroxytryptophan),

OHC,
NH 0 HNH2ifXco.H

E. (2S)-2-amino-4-[2-(formylamino)phenyl] -4-oxobutanoic
acid (N-fonnylkynurenine),

F. (2S)-2-amino-3-(phenylamino)propanoic acid
(3-phenylaminoalanine),
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G. (2S)-Z-amino-3-(Z-hydroxy-1H-indol-3-yl)propanoic acid
(Z-hydroxytryptophan),

Tyrosine 11-1233

Tyrosine
(Ph. Eur. monograph 1161)

6JO:
N NH

If'\ ... C0 2H

_ 'H and enantiomer Action. and use
Amino acid.

181.Z 60-18-4

C02H

H. (3RS)-1 ,2,3,4-tetrahydro-9H-pyrido [3,4-b]indole-3~
carboxylic acid,

I. 1-methyl-1,Z,3,4-tetrahydro-9H-pyrido[3,4-b]indole-3
carboxylic acid,

HO

J. (2S)-Z-amino-3-[2-[Z,3-dihydroxy-1-(lH-indol-3-yl)
propyl] -lH-indol-3-yl]propanoic acid,

K. (ZS)-Z-amino-3-[2-(lH-indol-3-ylmethyl)-lH.,indol-3-yl]
propanoic acid,

L. 1-(IH-indol-3-ylmethyl)-1,Z,3,4-tetrahydro-9H-pyrido
[3,4-b]indole-3-carboxylic acid.

____________________ PhEur

PhEtr _

DEFINITION
(2S)-2-Amino-3-(4-hydroxyphenyl)propanoic acid.

Product of fermentation or of protein hydrolysis.

Con.t:ent
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, practically insoluble in ethanol
(96 per cent). It dissolves in dilute mineral acids and in
dilute solutions of alkali hydroxides.

IDENTIFICATION
First identification: AJ B.
Second identification: AJ CJ DJ E.
A. Specific optical rotation (see Tests).

B.lnfrared absorption spectrophotometry (2.2.24).

Comparison tyrosine CRS.

C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of thesubstance to be
examined in 1 mL of dilute ammoniaR2 and dilute to 50 mL
with mater R.
Referencesolution Dissolve 10 mg of tyrosine CRS in 1 mL of
diluteammonia R2 and dilute to 50 mL with waterR.

Plate TLC silica gelplateR.
Mobile phase concentrated ammoniaR1, propanol R
(30:70 VIV).

Application 5 J.1L.
Deoelopment Over Z/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.

D. To about 50 mgadd 1 mL of dilute nitric acidR. A dark
red colour is produced within 15 min.

E. Dissolve about 30 mg in Z mL of dilute sodium hydroxide
solution R. Add 3 mL of a freshly prepared mixture of
equal volumes of a 100 gIL solution of sodium nitrite R and a
solution of 0.5 g of sulfanilic acidR in a mixture of 6 mL of
hydrochloric acidR1 and 94 mL of waterR. An orange-red
colour is produced.
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TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method II).
Dissolve 0.5 g in dilute hydrochloric acidR and dilute to
20 mL with the same acid.

Specific optical rotation (2.2.7)
-12.3 to -11.0 (dried substance).

Dissolve 1.25 g in a mixture of equal volumes of dilute
hydrochloric acidR and waterR and dilute to 25.0 mL with
the same mixture of solvents.

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 all solutions as described.

Solution A dzlute hydrochloric add 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.

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 ofphenylalanine R
(impurity A) in solution A and dilute to 100.0 mL with
solution A. Dilute 1.0 m.Lof the solution to 250.0 mL with
solution A.

Reference solution (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 solution (d) Dilute 6.0 mL of ammonium standard
solution (l00 ppm NH4J 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 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 solution Solution A.

Inject suitable, equal amounts of the test, blank andreference
solutions into the amino acid analyser. Run a program
suitable for the determination of physiological amino acids.

System suitability Reference solution (e):
- resolution: minimum 1.5 between the peaks due to

isoleucine and leucine.

Calculation of percentage contents:
- for impurity A, use the concentration of impurity A in

reference solution (b);
- for any ninhydrin-positive substance detected at 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 result obtained at 570 nm for
quantification.

Limits:
- impurity A at 570 nm: maximum 0.5 per cent;
- any ninhydrin-positive substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.6 per cent;

2020

- 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.

Dissolve 0.25 gin 3 mL of dilute nitric acidR and dilute to
15 mL with waterR. The solution, without further addition
of nitric acid, complies with the test.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve, with gentle heating, 0.5 gin 5 mL of dilute
hydrochloric acidR and dilute to 15 mL with distilled waterR.

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 (d) and blank
solution.

Limit:
- ammonium at 570 nm: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (d): (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 gin lOmL 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 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 (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 ginS mL of anhydrous formic acidR.
Add 30 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mlsof 0.1 M perchloric acid is equivalent to 18.12 mg of
·C9H11N03•

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Other detectable impurities (thefollowing substances zoould, 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. 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, C.

A. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),
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B. (2S)-2,6-diaminohexanoic acid (lysine),

C. 3,3'-disulfanediylbis[(2R)-2-aminopropanoic acid]
(cystine).

_____"'-- PhEur

Tyrothricin
(ph. Bur. monograph 1662)

'0

}-x-Gly- L":Ala- o-Leu-t-Ala - D-Val-L-Val-o-Val-L-Trp-
H -, 5 OH

o-leu-Y",D-leu-L-Trp-o-Leu-L-Trp-N~
w 15 H

Gramicidin Mol. formula M, X Y

A1 CggH140N20017 1882 L-Val L-Trp

A2 C100H142N20017 1896 L-lle L-Trp

Cl C97H139N19018 1859 L-Val L-Tyr

C2 C98H141N19018 1873 i-lle L-Tyr

[O-Phe-L-pro - X- Y- L-Asn-L-Gln- Z-L-Val- L-om-L-~~UJ

Tyrocidin Mol. formula M, X Y Z

A C66H88N13013 1271 L-Phe o-Phe L-Tyr

B CeaH89N14013 1311 L-Trp D-Phe L-Tyr

C C7oH90N1S013 1350 L-Trp o-Trp L-Tyr

0 C72H91N16012 1373 L-Trp n-Trp L-Trp

E C66Hs8N13012 1255 L-Phe D-Phe L-Phe

Action and use
Polypeptide antibacterial.

PhEur _

DEFINITION
Mixture of antimicrobial linear and cyclic polypeptides,
isolated from the fermentation broth of Brevibacillus brevis
Dubos. It consists mainly of gramicidins and tyrocidins as
described above; other related compounds may be present in
smaller amounts.

Potency
180 IU/mg to 280 IU/mg (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, soluble in ethanol (96 per cent)
and in methanol.

IDENTIFICATION
Firstidentification: B.

Tyrothricin 11-1235

Second identification: A.

A. Thin-layer chromatography (2.2.27).

Testsolution .Dissolve 5 mg of the substance to be examined
in 4.0 mL of ethanol (96 percent) R.
Reference solution Dissolve 5 mg of tyrothricin CRS in
4.0 mL of ethanol (96 per cent) R.

Plate TLC silica gelF254 plateR.
Mobz7e phase methanolR, butanol R, waterR, acetic acidR,
butyl acetate R (2.5:7.5:12:20:40 VIVlVIVIV).

Application 1 IlL.
Development Over 2/3 of the plate.

Drying In a current of warm air.

Detection A Examine in ultraviolet light at 254 nm.
Results A The principal spots or groups of principal spots in
the chromatogram obtained with the test solution are similar
in position and size to the principal spots or groups of
principal spots in the chromatogram obtained with the
reference solution. The upper group corresponds to
gramicidins, the lower group to tyrocidins.

Detection B Spray with dimethylaminobenzaldehyde
solution R2. Heat the plate in a current of warm air until the
spots appear.

System suitabz7ity Reference solution:
- the chromatogram shows 2 clearly separated spots or

groups of spots.

Results B The principal spots or groups of principal spots in
the chromatogram obtained with the test solution are similar
in position, colour and size to the principal spots or groups of
principal spots in the chromatogram. obtained with the
reference solution. The upper group corresponds to
gramicidins, the lower group to tyrocidins.

B. Composition (see Tests).

TESTS
Composition
Liquid chromatography (2.2.29): use the normalisation
procedure. Prepare the solutions immediately before use.
Testsolution 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 solution (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: l =0.25 m, 0 =4.6 mID,

- stationary phase: octadecylsilyl silica gelfor chromatography R
(5 J.UTI),

- temperature: 60 DC.

Mobile phase 0.79 gIL solution of ammonium sulfate R,
methanol R (25:75 VIV).

Flow rate 1.2 mllmin.
Detection Spectrophotometer at 280 nm.
Injection 25 IlL.
Run time 6 times the retention time of gramicidin AI.
Use the chromatogram obtained with reference solution (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 C1 = about 0.8;
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__________________-,..-_ PhEur

PhEur _

mp
About 48 -c.
Carry out all operations protected from light.

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). Carry out the testprotected
from light.,

Test solution Dissolve 25.0 mg of the substance to be
examined in 25.0 mL of anhydrous ethanol R by heating at
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 ethanol R by heating at about 50 "C
for 2 min. Allow to cool.

Reference solution (b) .Dissolve 2 mg of ubidecarenone
impurityD 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 (c) Dilute 1.0 mL of the test solution to
100.0 mL with anhydrous ethanol R. Dilute 5.0 mL of this
solution to 10.0 mL with anhydrous ethanol R.

Column:
- size: l = 0.2 m, 0 = 4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica" gelfor

chromatography R (5 urn);
- temperature: 30 "C.

Mobilephase anhydrous ethanol R, methanol R2 (20:80 VIV).

Flow rate 1.7 mIJmin.

Detection Spectrophotometer at 275 nm.

Injection 10 J.LL 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 peak due to
impurity D.

Relative retention With reference to ubidecarenone (retention
time = about 14 min): impurity D = about 0.7.

System suitability Reference solution (b):
- resolution: minimum 6.5 between the peaks due to

impurity D and ubidecarenone.

Calculation of percentage contents:
- for each impurity, use the concentration of ubidecarenone

in reference solution (c).

Limits:
....,...- impurityD: maximum 0.3 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent,
- reporting threshold: 0.05 per cent.

ImpurityF
Liquid chromatography (2.2.29). Carryout the testprotected
from light.

Test solution Dissolve 25.0 mg of the substance to be
examined in 25.0 mL of hexane R.

303-98-0863

Action and use
Co-enzyme in mitochondrial electron transport.

Ubidecarenone

gramicidin C2 = about 0.9; gramicidin A2 = about 1.1;
tyrocidins =about 1.5 to 6.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 3.0, where Hp = height

above the baseline of the peak due to gramicidin A2 and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
gramicidin AI.

Limits:
- sum of gramicidins: 25 per cent to 50 per cent,
- sum of tyrocidins: 50 per cent to 70 per cent,
- total: minimum 85 per cent,
- disregard limit: the sum of the areas of the peaks due to

gramicidins in the chromatogram obtained with reference
solution (b).

Loss on drying (2.2.32)
Maximum 4.0 per cent, determined on 1.000 g by drying
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 solution Prepare a solution of tyrothricin containing
about the same amount. of gramicidin as the corresponding
solution of gramicidin CRS i.e. 5 times more concentrated.

STORAGE
In an airtight container, protected from light.

(ph. Bur. monograph 1578)

o

DEFINITION
2-[(all-.E)-3,7,11, 15,19,23,27,31,35,39
Decamethyltetraconta-2,6,10,14,18,22,26,30,34,38
decaenyfj-5,6-dimethoxy-3-methylbenzene-l,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.
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Reference solution (a) 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 mL of the test solution to
100.0 mL with hexaneR.

Column:
- size: I =0.25 m, 0 =4.0 mm;
- stationary phase: silica gelfor chromatography R (7 JlIIl).

Mobile phase ethyl acetate R, hexaneR (3:97 VIV)o
Flow rate 2 mUmin.

Detection Spectrophotometer at 275 nm.
Injection 20 I!L.
Run time 1.2 times the retention time of ubidecarenone.

Identification of impurities Use the chromatogram supplied
with ubidecarenone for system suitabz1ity CRS and the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity F.

Relativeretention With reference to ubidecarenone (retention
time =aboutl'O miii): impurity F =about 0.85.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity Frand ubidecarenone. .

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 per cent).

Water (2.5.12)
Maximum 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 test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of C5gHgo04 taking into
account the assigned content of ubidecarenone CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities D~ F.
Otherdetectable impurities (the following-substances would, if
present at a sufficient leuel, be detected by oneor other of the tests
in the monograph. They are limitedby 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, E, G.

A. 2,3-dimethoxy-5-methylbenzene-l,4-diol,

Ubidecarenone 11-1237

o

B. 2-[(all-E)-3,7,11,15,19,23,27-heptamethyloctadocosa
2,6, 10,14,18,22,26-heptaenyl]-5,6-dimethoxy-3
methylbenzene-l,4-dione (ubiquinone-7),

o

c. 5,6-dimethoxy-3-methyl-2-[(all-E)-3,7,11,15,19,23,27,31
octamethyldotriaconta-2,6,1 0,14,18,22,26,30-
octaenyl]benzene-l ,4-dione (ubiquinone-8),

o

D.5,6-dimethoxy-3-methyl-2-[(all-E)
3,7,11,15,19,23,27,31,35-nonamethylhexatriaconta
2,6,10,14,18,22,26,30,34-nonaenyl]benzene-l,4-dione
(ubiquinone-9) ,

E. (2RS)-7,8-dimethoxy-2,5-dimethyl-2-[(all-E)-
4,8,12, 16,20,24,28,32,36-nonamethylheptatriaconta
3,7,11,15,19,23,27,31,35-nonaenyl]-2H-1-benzopyran-6
01 (ubicromenol),

o

F. 2-[(2Z,6E,10E,I4E,18E,22E,26E,30E,34E)
3,7,11,15,19,23,27,31,35,39-decamethyltetraconta
2,6,10,14,18,22,26,30,34,38-decaenyl]-5,6-dimethoxy-3
methylbenzene-1,4-dione (ubidecarenone (Z)-isomer),

G. unknown structure.
____________________ PhEur
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(Undecylenic Acid, Ph. Bur. monograph 0461)

Undecenoic Acid

57-13-660.1

Action and use
Keratolytic.

Preparation
Urea Cream

(Ph. Bur. monograph 0743)

PhEur _

Urea

ASSAY
Dissolve 0.750 gin 10 mL of ethanol (96 per cent) R.Titrate
with 0.5 M sodium hydroxide using 0.1 mL of phenolphthalein
solution R as indicator, until a pink colour is obtained.

1 mL of 0.5 M sodium hydroxide is equivalent to 92.14 mg
of CllHzoOz.

STORAGE
In a non-metallic container, protected from light.

DEFINITION
Carbamide.

Content
98.5 pet' cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or transparent
crystals, slightly hygroscopic.

Solubility
Very soluble in water, soluble in ethanol (96 per cent),
practically insoluble in methylene chloride.

IDENTIFICATION
First identification: A, B.
Secondidentification: A, C, D.
A. Melting point (2.2.14): 132°C to 135 °C.

E. Infrared absorption spectrophotometry (2.2.24).

Comparison urea CRS.
C. Dissolve 0.1 gin 1 mL of waterR. Add 1 mL of nitric
acidR. A white, crystalline precipitate is formed.

D. Heat 0.5 g in a test tube until it liquefies and the liquid
becomes turbid. Cool, dissolve in a mixture of 1 rnL of dilute
sodium hydroxide 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 (2.2.1) and colourless (2.2.2,
Method II).
To 2.5 mL of solution S add 7.5 mL of waterR.
Alkalinity
To 2.5 mL of solution S add 7.5 mL of waterR, 0.1 mL of
methylred solution Rand 0.4 mL of 0.01 M hydrochloric acid.
The solution is red to orange.

_ PhEur

112-38-9184.3CUHZ002

PhEur ----'--'-- _

DEFINITION
Undec-fO-enoic acid.

Content
97.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or very pale yellow, crystalline mass or colourless or

, pale yellow liquid.

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.
R Freezing point (2.2.18): 21°C to 24 °C.

C. To 2.0 g add 2mL of freshly distilled aniline R and boil
under a reflux condenser for 10 min. Allow to cool and add
30 mL of etherR. Shake with 3 quantities, each of 20 mL, of
dtlutehydrochloric add R and then with 20 m.Lof water R.
Evaporate the organic layer to dryness on a water-bath. After
recrystallising twice from ethanol (70 percent V/l-? Rand
drying in vacuo 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 dilute sulfuric
acid R and 5 mL of glacial acetic acid R. Add dropwise
0.25 mL ofpotassium permanganate solution R. The colour of
the potassium permanganate is discharged.

TESTS
Peroxide value (2.5.5, MethodA)
Maximum 10.

Fixed and mineral oils
To 1.0 g add 5 mL of sodium carbonate solution 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 acids
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
phenolphthalein solution R. Not more than 0.1 mL of 0.1 M
sodiumhydroxide is required to change the colour of the
indicator.

Degree ofunsaturation
Dissolve 85.0 mg in a mixture of 5 mL of dilute hydrochloric
acid Rand 30 mL of gladal acetic acidR. Using 0.05 mL of
indigo carmine solution R1 as indicator, added towards the end
of the titration, titrate with 0.0167 M bromide-bromate until
the colour changes from blue to yellow. 8.9 mL to 9.4 mL of
0.0167 .1"1 bromide-bromate is required. Carry out a blank
titration.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 0.50 g.
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Biuret
Maximum 0.1 per cent.
To 10 mL of solution S add 5 mL of waterR, 0.5 mL of a
5·gIL solution of copper sulfate pentahydrate Rand 0.5 mL of
strong sodium hydroxide solution R. Allow to stand for 5 min.
Any reddish-violet colour in the solution is not more intense
than that in a standard prepared at the same time in the
same manner using 10 mL of a 0.2 gIL solution of biuret R.
Ammonium (2.4.1)
Maximum 500 ppm, determined on 0.1 mL of 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 for 1 h.

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

ASSAY
Dissolve 0.2000 g in waterR and dilute to 50.0 mL with 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 Rand
2.5 g of selenium R,and 3 glass beads. Wash any adhering
particles from the neck into the flaskwith 5 mL of sulfuric
acidR, allowing it to run down the sides of the flask, and mix
the contents by rotation. 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 the flask
from becoming overheated. Continue the heating for 30 m.ip..
Cool, dissolve the solid material by cautiously adding to the
mixture 25 mL of waterR, cool again and place in a steam
distillation apparatus. Add 30 mL of strong sodium hydroxide
solution R and distil immediately by passing steam through
the mixture. Collect the distillate in 15 mL of a 40 gIL
solution of boric acidR to which has been added 0.2 mL of
methyl redmixed solution R and enough waterR 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 the outer surface of the condenser from reaching
the contents of the receiver. Titrate the distillate with 0.01 M
sulfuric acid.

1 mL of 0.01 M sulfuric acidis equivalent to 0.6006 mg of
CH~20.

STORAGE
In an airtight container.
____________________ PhEur

Urofollitropin
(ph. Bur. monograph 0958)

97048-13-0

Action and use
Follicle-stimulating hormone,

Preparation
Urofollitropin Injection

PhEur _

DEFINITION
Dried preparation containing menopausal gonadotrophin
obtained from the urine of post-menopausal women. It has

Urofollitropin 11-1239

follicle-stimulating activity and no or virtually no luteinising
activity.

Potency
Minimum 90 IU of follicle-stimulating hormone (hFSH) per
milligram.

Ratio of the numberofunits of luteinising hormone (interstitial
cell-stimulating hormone) [hLH (ICSH)} to the number of unitsof
follicle-stimulating hormone Maximum 1/60.

PRODUCTION
It is prepared by suitable collection and extraction procedures
followed by purification steps.

The method of preparation includes steps that have been
shown to remove and/or inactivate 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
Residualluteinising activity
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 (interstitial-ceIl-stimulating hormone) which
consists of 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
having masses such that the difference between the heaviest
and the lightest rat is not more than 109. Assign the rats at
random to 4 equal groups of at least 6 animals. If sets of 4
litter mates are available, assign one litter mate at random
from each set to each group and mark according to litter.

Inject subcutaneously into each rat 50 IV of serum
gonadotrophin R on the first day and 25 IV of chorionic
gonadotrophin R on the fourth day, each in 0.5 mL of
phosphate-albumin buffered saline pH 7.2 R.

Choose 3 doses of the reference preparation such that the
smallest dose produces a depletion of the ovarian ascorbic
acid content in all the rats and the largest dose does not
produce a maximal depletion in all the rats. Use doses in
geometric progression; as an initial approximation, total doses
of 0.5 IV, 1.0 ill and 2.0 IV 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 ofhlH 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 saline pH 7.2 R. Inject into a tail
vein to each separate group of rats 6 days after the injection
of chorionic gonadotrophin. Exactly 4 h after the injection,
euthanise the rats and remove the ovaries from each animal.
Remove any extraneous fluid and tissue from the ovaries and
weigh the ovaries immediately.
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Treat the combined ovaries from each rat separately, as
follows. Crush and homogenise within 2 min in a freshly
prepared 25 gIL solution of metaphosphoric acidR at a
temperature of 4 DC and dilute to 7 mL with the same
solution. Allow the homogenate to stand for 30 min at 4 DC
and centrifuge at 4 DC at approximately 2500 g. Filter the
supernatant, if necessary, through a 0.22 um 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 waterRand 2 mL of
dichlorophenolindophenol 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
the 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, treated 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)
Maximum 5.0 per cent.

Bacterial endotoxins (2.6.14, Method C)
Less than 0.40 ill per International Unit of urofollitropin, if
intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal ofbacterial 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 human 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
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hormone (interstitial-ceil-stimulating hormone) which
consists of a mixture of a freeze-dried extract ofurine 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 109. 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 litter.

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 all the
rats. Use doses in geometric progression and as an initial
approximation total doses of 1.5 IU, 3.0 IV and 6.0 IV may
be tried although the dose will depend on the sensitivity of
the animalsused, 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 shail contain in the daily dose not less than 14 IV 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 DC.

Inject subcutaneously into each rat the daily dose allocated 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 methods (for
example, 5.3) using the mass of the 2 combined ovaries as
the response (the accuracy of the assay may be improved by
a suitable correction of the organ mass with reference to the
mass of the animal from which it was taken; 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.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 DC to 8 DC. If the substance is sterile, store
in a sterile, airtight, tamper-proof container.

LABELLING
The labelstates:
- the number of International Units of follicle-stimulating

hormone per container,
- the potency, in International Units of follicle-stimulating

hormone per milligram.
__-------- PhEur
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Urokinase
(Ph. Bur. monograph 0695)

9039-53-6

Action and use
Plasminogen activator; fibrinolytic; enzyme.

PhEur _

DEFINITION
Enzyme, obtained from human urine, that activates
plasminogen. It consists of a mixture of low-molecular-mass
(LMM) (Mr 33 000) and high-molecular-mass (HMM)
(Mr 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 collection and extraction procedures
followed by purificatsm steps.

The method of preparation includes steps that have been
shown to remove and/or inactivate extraneous agents.
In addition, the process is designed to minimise microbial
contamination andv:asoactive substances.

CHARACTERS
Appearance
White or almost white, amorphous powder.

Solubility
Soluble in water.

IDENTIFICATION
A. Place separately in two haemolysis tubes 0.5 mL of
citrated human plasma and 0.5 mL of citrated bovine plasma
and maintain in a water-bath at 37°C. To each tube add
0.1 mL of a solution containing a quantity of the substance
to be examined equivalent to 1000 ill/mL in phosphate buffer
solution pH 7.4 Rand 0.1 mL of a 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.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2~

Method II).
Dissolve 10 mg in 10 mL of waterR.

Thromboplastic contaminants
Test solutions Dissolve suitable quantities of the substance to
be examined in barbital buffer solution 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 six haemolysis tubes 1 em in internal diameter
add 0.1 mL of citrated rabbit plasma R. Allocate the test
solutions one to each of five of the tubes; add to each tube
0.1 mL of the solution allocated to it and to the sixth tube
add 0.1 mL of barbital buffer solution 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 (clotting time of the
blank minus clotting time measured) against log
concentration in International Units. Extrapolate the best-
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fitting straight line through the five points until it reaches the
log-eoncentration axis. The urokinase activity at the
intersection point, which represents the limit concentration
for coagulant activity (zero coagulant activity), is not less
than 150 IU/mL.

Molecular fractions
Size-exclusion chromatography (2.2.30).

Testsolution Dissolve about 1 mg in 1.0 mL of 0.02 M
phosphate buffer solution pH 8.0 R. Prepare immediately before
use.

Column:
- size: 1=0.9 m, (2) =16 mm;
- stationary phase: cross-linked dextran for

chromatography R3;
- temperature: 5°C.

Mobile phase . 17.5 gIL solution of sodium chloride R in
0.02 M phosphate buffer solution pH 8.0 R.

Flow rate 0.1 mIJmin.

Apply the test solution to the head of the column rinsing
twice with 0.5 mL portions of the buffer and carry 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 nm and plot the individual values on a
graph. Draw perpendicular lines towards the axis of the
abscissae from the minima before 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 HMMILMM activity ratio. Pool the HMM fractions and,
separately, the LMM fractions. Determine separately the
urokinase activity in International Units of each of the
fraction pools by the method prescribed under Assay.
The ratio of the urokinase activity in the HMM fraction pool
to that in the LMM fraction pool is not less than 2.0.

Total protein
Determine the nitrogen content, using 10 mg, by the method
of sulfuric acid digestion (2.5.9) and calculate the quantity of
protein by multiplying by 6.25.

Pyrogens (2.6.8)
If intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of pyrogen, it complies with the test for pyrogens.
Inject per kilogram of the rabbit's mass 1.0 mL of a sterile
9 gIL solution of sodium chloride R containing a quantity of
the substance to be examined equivalent to 20 000 IU/mL.

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 time of a fibrin
clot in given 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.

Unless otherwise prescribed, use phosphate buffer solution
pH 7.4 R containing 30 giL of bovine albumin R for the
preparation of the solutions and dilutions used in the assay.

Testsolution Prepare a solution of the substance to be
examined expected to have an activity of 1000 IU/mL.
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__________~ PhEur

Ursodeoxycholic Acid

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 three serial 1.5-fold
dilutions.of the reference preparation such that the longest
clot-lysis time is less than 20 min and the shortest clot-lysis
time is greater than 3 min. Prepare three similar dilutions of
the test solution. Keep the solutions in iced water and use
within 1 h. Use twenty-four tubes 8 mm in diameter. Label
the tubes Tb T2 and T3 for the dilutions of the test solution
and Sb Sz and S3 for the dilutions of the reference solution,
allocating four tubes to each dilution. Place the tubes in iced
water. Into each tube, introduce 0.2 mL of the appropriate
dilution, 0.2 mL ofphosphate buffersolution pH 7.4 R
containing 30 gIL of bovine albuminRand 0.1 mL of a
solution of human thrombin Rhaving an activity of not less
than 20 IU/mL. Place the tubes in a water-bath at 37°C and

. allow to stand for 2 min to attain temperature equilibrium.
Using an automatic pipette, introduce into the bottom of the
first tube 0.5 mL of a 10 gIL solution of bovine euglobulins R,
ensuring mixing. At intervals of 5 s, introducesuccessively
into the remaining tubes 0.5 mL of a 10 gIL solution of
bovine euglobulins R. Using a stop-watch, measure for each
tube the time in seconds that elapses between the addition of
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 than 90 per cent and not
more than 111 per cent of the stated potency.
The confidence limits (P =0.95) of the estimated potency
are not less than 80 per cent and not more than 125 per cent
of the stated potency.

STORAGE
In an airtight container, protected from light, at a
temperature not exceeding 8°C. If the substance is sterile,
store in a sterile, airtight, tamper-proof container.

LABELLING
The label states the potency in International Units per
milligram of protein.

PhEur ,....--_

DEFINITION
3ct,7~-Dihydroxy-5~-cholan-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), slightly soluble in acetone, practically insoluble
in methylene chloride.

mp
About 202°C.

IDENTIFICATION
First identification: A.

Secondidentification: B~ C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison ursodeoxycholic acideRS.

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, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

C. Dissolve about 10 mg in 1 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).

Solvent mixture waterR, 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.

Testsolution (b) Dilute 1 mL of test solution (a) to 10 ml,
with the solvent mixture.

Reference solution (a) Dissolve 40 mg of ursodeoxycholic
acidCRS in the solvent mixture and dilute to 10 mL with the
solvent mixture.

Reference solution (b) Dissolve 20 mg of lithocholic acid CRS
(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 solvent mixture.

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 acidR, acetone R~ methylene
chloride R (1:30:60 VIVIV).

Application 5 J.LL.
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 1 volume of sulfuric

128-13-2392.6

(Ph. Eur. monograph 1275)

Action and use
Bile acid; treaunent of gallstones.

Preparations
Ursodeoxycholic Acid Capsules

Ursodeoxycholic Acid Tablets

Ursodeoxycholic Acid Oral Suspension
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acidR and 20 volumes of glacial acetic acidR and heat at
120 "C until blue spots appear on a lighter background.

Systemsuitability Reference solution (c):
- the chromatogram shows 2 clearly separated principal

spots.

Limit Test solution (a):
- impurity C: any spot due to impurity e 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).

Solventmixture methanolR, mobile phase (10:90 VIV)o

Testsolution Dissolve 60 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 the contents of a vial of
ursodeoxycholic acidfor system suitabilit;y CRS (containing
impurities A and H) in 1.0 mL of the solvent mixture.

Reference solutiori(bJ..~ Dilute 1.0 mL of the test solution to
100.0 mL withthe.solvent mixture. Dilute 1.0 mL of this
solution to 10.0 ~,with the solvent mixture.

Column:
- size: 1= 0.25 m£;0 =4.6 mm;
- stationary phase:end-eapped octadecylsilyl silica gelfor

chromatography R(5 J.lIIl);
- temperature: 40 "C ± 1 "C,

Mobile phase Mix 30 volumes of acetonitrile R, 37 volumes
of a 0.78 gIL solution of sodium dihydrogen phosphate R
adjusted to pH 3 with phosphoric acidR, and 40 volumes of
methanol R.

Flow rate 0.8 mIJmin.
Detection Refractometer at 35 ± 1 "C.

Injection 150~.

Run time 4 times the retention time of ursodeoxycholic
acid.

Identification of impurities Use the chromatogram supplied
with ursodeoxycholic acidfor system suitabz7it;y CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A and H.

Relative retention With reference to ursodeoxycholic acid
(retention time = about 14 min): impurity H = about 0.9;
impurity A = about 2.8.

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

impurity H and ursodeoxycholic acid.

Limits:
- impurit;y 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
with reference solution (b) (0.10 per cent);

- total: not more than 15 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.5 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).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying 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 0.350 g in 50 mL of ethanol (96 per cent) R,
previously neutralised to 0.2 mL ofphenolphthalein 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
C24H4004.

IMPURITIES
Specified impurities A, C.
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
criterion for other/unspecified impurities and/orby the general
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. Seealso 5.10. Control of impurities
in substances for pharmaceutical use) B, D, E, F, G, H,i.

A. 3ex,7ex-dihydroxy-5~-cholan-24-oic acid (chenodeoxycholic
acid),

B. 3ex,7ex, 12ex-trihydroxy-5~-cholan-24-oic acid (cholic acid),

C. 3ex-hydroxy-5~-cholan-24-oic acid (lithocholic acid),

D. 3ex,7~,12ex-trihydroxy-5~-cholan-24-oic acid (ursocholic
acid),
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PhEur

DEFINITION
2- [(2-Amino-6-:oxo-1,6-dihydro-9H-purin.;.9-yl)methoxy]ethyl
L-valinate 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 valacidovir hydrochloride 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 anhydrous
ethanol R and evaporate to dryness in a desiccator, under
high vacuum, over diphosphorus pentoxide R. Record new
spectra using the residues.

B. It gives reaction (a) of chlorides (2.3.1).

C. It complies with the limit for impurity R given in test A
for related substances.

D. Optical rotation (2.2.7): laevorotatory.

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).

Testsolution Dissolve 0.250 g of the substance to be
examined in 2 mL of waterR and dilute to 5.0 mL with
ethanol (96 percent) R.
Reference solution (a) Dissolve 5 mg of valaciclovir
impurity D CRS, 5.0 mg of valaciclovir impurity B CRS,
5.0 mg of valaciclovir impurityG CRS and 8.4 mg of
valaciclovir impurity F para-toluenesulfonate CRS in a mixture
.of 2 mL of waterRand 6 IDL of ethanol (96 percent) R, and .
dilute to 10.0 mL with ethanol (96 percent) R.
Reference solution (b) Dilute 3.0 mL of reference solution (a)
to 10.0 mL with ethanol (96 per cent) R.
Reference solution (c) Dilute 2.0 mL of reference solution (a)
to 10.0 mL with ethanol (96 per cent) R.
Reference solution (d) Dilute 0.5 mL of reference solution (a)
to 10.0 mL with ethanol (96 per cent) R.

Plate TLC silica gelF254 plateR (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
the plate to dry.

Mobzle phase concentrated ammonia R, tetrahydrofuran R,
methanol R, methylene chloride R (3:12:34:54 V/V/V/V); use
freshly prepared mobile phase.

Application 4 IlL of the test solution and reference
solutions (b), (c) and (d).

Development Over 4/5 of the plate.

Drying In a current of air.

Detection Examine in ultraviolet light at 254 run for
impurities E and G; spray with a 0.1 gIL solution of

124832-27-5

I HCI

360.8

Valaciclovir Hydrochloride
(ph. Bur. monograph 1768)

H. 3~,7~-dihydroxy-5~-cholan-24-oic acid,

H3C, H

CH3~C02H

dffP
· H

. CH3 : H : . -

H H
HO : : OH

H H H

G. methyl 3ct,7~-dihydroxy-5~-cholan-24-oate,

F. 3ct-hydroxy-7-oxo-5~-cholan-24-oic acid,

E. 3ct,12ct-dihyd.roxy-5~-cholan-24-oic acid (deoxycholic
acid),

_________________'---__ PhEur

1. 5~-cholane-3ct,7~,24-trio1.

Action and use
. Purine nucleoside analogue; antiviral (herpesviruses).

Preparation
Valaciclovir Tablets

www.webofpharma.com



2020

fluorescamine R in ethylene chloride R and examine in
ultraviolet light at 365 am for impurity F.

Retardation factors Impurity A =about 0;
impurity B = about 0.2; valaciclovir = about 0.3;
impurity.C =about 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 they are visualised differently.

System suitability The chromatograms obtained with
reference solutions (b), (c) and (d) each show 3 clearly
separated spots when examined under ultraviolet light at
254 nm, due to impurities D, E and G.

Limits:
- impurityE: any spot due to impurity E is not more intense

than the corresponding spot in the chromatogram
obtained with reference solution (c) (0.2 per cent);

- impurityF: any spot due to impurity F is not more intense
than the corresponding spot in the chromatogram
obtained with r~erence solution (b) (0.3 per cent
calculmedashy4tocllloridesal~;

- impurity G: any spot due to impurity G is not more
intense than the .corresponding spot in the 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.

Test solution 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 valaciclovir 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
acid R and dilute to 5.0 m.L with the same solution.

Reference solution (b) Dissolve 50.0 mg of anhydrous
valaciclovir 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 the test solution to
100.0 mL with a O.5per cent VIV solution of hydrochloric
acid R. Dilute 1.0 mL of this solution to 100.0 mL with a
0.5 per cent VIV solution of hydrochloric acidR.
Column:

- size: 1= 0.15 m, (2) =4.0 mm;
- stationary phase: croom-ether silica gelfor chiral

separation R (5 urn); .
- temperature: 10 "C.

Mobile phase perchloric acidR, methanol R, water for
chromatography R (0.5:5:95 VIVIV).
Flow rate 0.75 mlJmin.
Detection Spectrophotometer at 254 nm.

Injection 10 ~ of the test solution and reference
solutions (a) and (c).

Run time 1.5 times the retention time of valaciclovir.

Identification of impurities Use the chromatogram supplied
with valaciclovir for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A + B, C + R, D, I
andM.

Relativeretention With reference to valaciclovir (retention
time = about 21 min): impurities A and B = about 0.2;
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impurity I = about 0.4; impurities C and R = about 0.6;
impurity D = about 0.7; impurity M = about 1.3.

System suitability Reference solution (a):
- peak-to-oalley ratio: minimum 1.5, 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 curve separating this peak from the peak due to
impurities C and R.

Limits:
- correction factor: for the calculation of content, multiply

the peak area of impurities A and B by 0.7;
- impurity 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 content of the
coeluting impurities C and R as determined in this
test;

- sum ofimpurities A andB: maximum 2.0 per cent;
- impurity I: maximum 0.2 per cent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (c)
(0.03 per cent); disregard any peaks due to impurities
other than A + B, C + R or I.

B. Liquid chromatography (2.2.29): use the normalisation
procedure. Use the solutions within24 h of preparation.
Solventmixture ethanol (96 per cent) R, waterR (20:80 VIV).

Testsolution Dissolve 40 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 2.5 mg of valaciclovir for
system suitability CRS (containing impurities A, B, C, D, H, I,
J, M and R) in the solvent mixture and dilute to 5.0 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 20.0 mL with the solvent mixture.

Column:
- size: I = 0.25 m, 0 =4.6 mm;
- stationary phase: end-capped phenylhexylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 15 aC.

Mobile phase:
- mobile phase A: trifiuoroacetic acidR, waterfor

chromatography R (0.2:100 VIV);
- mobile phase B: trifluoroacetic acidR, methanol R2

(0.2:100 VIV);

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-5 90 10

5 - 35 90 -> 60 10 -> 40

Flow rate 0.8 mllmin.
Detection Spectrophotometer at 254 run.

Injection 10 ~.
Identification of impurities Use the chromatogram supplied
with valaciclovir 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.

Relative retention 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;
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impurity D = about 1.2; impurity J =about 1.3;
impurity M =about 1.6.

System suitability Reference solution (a):
- peak-co-valley ratio: minimum 2.5, where Hp = height

above the baseline of 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
valaciclovir;

- the chromatogram obtained is similar to the
chromatogram supplied with valaciclovir for system
suitability CRS.

Limits:
- impurity M: maximum 1.5 per cent;
- impurity D: maximum 0.5 per cent;
- impurity C: maximum 0.3 per cent;
- impurities H;, J: for each impurity, maximum

0.10 per cent;
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- disregard limit: 0.6 times the area of the principal peak

in the chromatogramobtained with reference
solution (b) (0.03 per cent); disregard the peaks due
to impurities A, Band 1.

Limit:
- totalfor tests A and B: maximum 5.0 per cent.

Chloride
9.4 to 9.9 per cent (anhydrous and solvent-free substance).

Dissolve 0.350 gin 100 mL of waterR and add 0.2 mL of
nitric acidR. Carry out a potentiometric titration (2.2.20),
using 0.1 M 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 ooation,
which is used to condition the electrodes. Carry out a blank
titration.

1 mL of 0.1 M siloer nitrate is equivalent to 3.543 mg of Cl.

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 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 content of C 13H z 1CIN604 taking
into account the assigned content of anhydrous valaciclovir
hydrochloride CRS.

IMPURITIES
Specified impurities A;, B;, C;, D;, E;, F, G;, H, I;, J, M;, R.

Other detectable impurities (thefollowing substances uould, if
present at a sufficient leoel, be detected by oneorother of the tests
in the monograph. They arelimited by thegeneral 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 forpharmaceutical use) K;, L;, N;, 0;, P;, Q.

A. .2-amino-l,9-dihydro-6H-purin-6-one (guanine),

2020

B. 2-amino-9-[(2-hydroxyethoxy)methyl] -I,9-dihydro-6H
purin-6-one (aciclovir),

C. 2-[ (2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl N-methyl-L-valinate,

D.2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yDmethoxy]
ethyl N-ethyl-L-valinate,

E. 2-[(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl N-[(benzyloxy)carbonyl]-L-valinate,

F. 2-hydroxyethyl L-valinate,

G. N;,N-dimethylpyridin-4-amine,

H. 2- [(2-amino-6-oxo-1 ,6-dihydro-9H-purin-9-yl)methoxy]
ethyl t-alaninate,

1. 2.;.[(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl acetate,
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J. Z-[ (Z-amino-6-oxo-l ,6-dihydro-9H-purin-9-yl)methoxy]
ethyl L-isoleucinate,

K. 9- [(2-hydroxyethoxy)methyl]-Z-[[[(6-oxo-6,9-dihydro-1H
ptain-2-yDarnino]merllyl]amino]-1,9-dihydro-6H-ptain-6
one,

Q. 2-[(Z-amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxy]
ethyl N-[[(6-oxo-6,9-dihydro-lH-purin-Z-yl)amino]
methyl] -L-valinate,

N~NH HN~N
HO·· <Jt_A AJ- '> OH
~ N •.. N

h
N./"'....N ~N N ~

o~ H H ~o

R. 2-[(Z-amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxy]
ethyl D-valinate.

_______--..,.- - PhEur

L. Z;Z'-(merllylenediazanediyl)bis[9-[(2-hydroxyerlloxy)
methyl]-1,9-dihydro-6H-purin-6-one] , Valaciclovir Hydrochloride Hydrate

M.Z-[(2-amino,..6-oxo-l ,6-dihydro-9H-purin-9-yl)methoxy]
ethyl N-fonnyl-L-valinate,

Valaciclovir Hydrochloride, Hydrated

(Ph. Bur. monograph 2751)

PhEur _

Action and use
Purine nucleoside analogue; antiviral (herpesviruses).

Preparation
Valaciclovir Tablets

1218948-84-5C13H21CIN60<bxH20 360.8
(anhydrous substance)

DEFINITION
2- [(Z-Amino-6-oxo-l ,6-dihydro-9H-purin-9-yl)methoxy]ethyl
L-valinate hydrochloride hydrate.

Content
95.0 per cent to 10Z.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 Dissolve the substance to be examined in the
minimum volume of waterR, evaporate to dryness at room
temperature and record the spectrum using the residue.

Comparison Repeat the operations using anhydrous
valaciclovir hydrochloride CRS.

N.2-[[6-oxo-Z-[[[(6-oxo-6,9-dihydro-lH-purin-Z-yl)amino]
methyl] amino] -1, 6-dihydro-9H-purin-9-yl]methoxy] ethyl
L-valinate,

P. [methylenebis [azanediyl (6-oxo-l ,6-dihydro-9H-purine-2,9
diyl)merllyleneoxyethan-Z,I-diyl]] di-L-valinate,

O. Z-[[2-[[[[9-[(2-hydroxyethoxy)merllyl]-6-oxo-6,9-dihydro
IH-purin-2-yl]amino]methyl]amino]-6-oxo-l,6-dihydro
9H-purin-9-yl]methoxy] ethyl L-valinate,
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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 chlorides (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 waterR and dilute to 5.0 mL with
ethanol (96 per cent) R.

Reference solution Dissolve 5.0 mg of valaciclo'lJir
impurity G CRS and 5.0 mg of valaciclovir impurityS CRS in
a mixture of 2 mL of waterRand 6 mL of ethanol
(96 per cent) R and dilute to 10.0 mL with ethanol
(96 per cent) R. Dilute 0.5 mL of the solution to 10.0 m.L
with ethanol (96 per cent) R.
Plate TLC silica gel FZ54 plate R (2-10 1lID).

Pretreatment Wash the plate with methanol R until the
solvent front has migrated over. at least 4/S·ofthe plate; allow
to dry in air.

Mobile phase concentrated ammonia R, tetrahydrofuran R,
methanol R, methylene chlonae.R (3:12:34:54 V/V/V/ll); use
freshly prepared mobile phase.

Application 4 j.lL.

Development Over 4/5 of the plate.

Drying In a current of air.

Detection Examine in ultraviolet light at 254 nm.

Retardation factors Valaciclovir =about 0.3;
impurity S =about 0.7; impurity G =about 0.8.

System suitabzlity The chromatogram obtained with the
reference solution shows 2 clearly separated spots due to
impurities S and G.
Limits:
- impurity G: any spot due to impurity G is not more

intense than the corresponding spot in the chromatogram
obtained with the reference solution (0.05 per cent);

- impun'ty 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.

Testsolution Dissolve 50.0 mg of the substance to be
examined in a 0.5 per cent V/V solution of hydrochloric acidR
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 V/V solution of hydrochloric
acidR and dilute to 5.0 mL with the same solution.

Reference solution (b) Dissolve 50.0 mg of anhydrous
valaciclovir hydrochloride CRS in a 0.5 per cent V/V solution
of hydrochloric acidR and dilute to 100.0 mL with the same
solution.

Reference solution (c) Dilute 3.0 mL of the test solution to
100.0 mL with a 0.5 per cent V/V solution of hydrochloric
acidR. Dilute 1.0 mL of this solution to 100.0 mL with a
0.5 per cent V/V solution of hydrochloric acid R.
Column:

- size: 1= 0.15 m, 0 = 4.0mm;
- stationary phase: crown-ether silica gelfor chiral

separation R (5 um);
- temperature: 10°C.

2020

Mobile phase perchloric acid R, methanol R, waterfor
chromatography R (0.5:5:95 V/V/V).
Flow rate 0.75 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 10 ul, of the test solution and reference
solutions (a) and (c).

Run time 1.5 times the retention time of valaciclovir.

Identification of impurities Use the chromatogram supplied
with oalaciclooir for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due JO impurities A + B, C + R, D
andM.

Relative retention With reference to valaciclovir (retention
time = 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 suitability Reference solution (a):
- peak-to-valley ratio: minimum 1.5, 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 curve separating this peak from the peak due to
impurities C and R.

Limits:
- correction factor. for the calculation of content, multiply

the peak area of impurities A and B by 0.7;
- impurity 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 content of the
coeluting impurities C and R as determined in this
test;

- sum of impurities A and B: maximum 2.0 .je! cent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (c)
(0.03 per cent); disregard any peaks due to impurities
other than A + Band C + R.

B. Liquid chromatography (2.2.29): use the normalisation
procedure. Use the solutions within 24 h ofpreparation.

Solventmixture ethanol (96 per cent) R, waterR (20:80 V/V).
Testsolution Dissolve 80 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 1.6 mg of valaciclovir for
system suitabiHty CRS (containing impurities A, B, C, D,
H, M and R) 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
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
impurity P CRS in the solvent mixture and dilute to 25.0mL"
with the solvent mixture. Dilute 1.0 mL of the solution to
100.0 mL with the solvent mixture.

Column:
- size: I = 0.25 m, (2) = 4.6 mm;
- stationary phase: end-capped phenylhexylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 15°C.

Mobile phase:
- mobile phase A: trifluoroacetic acidR, waterfor

chromatography R (0.2:100 V/ll);
- mobile phase B: trifluoroacetic acidR, methanol R2

(0.2:100 V/V);
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o

HN~N
~ __Jl ) OH

H2N N NL~

H. 2- [(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl L-alaninate,

J. 2- [(2-amino-6-:-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl L-isoleucinate,

G. N,N-dimethylpyridin-4-amine,

D. 2- [(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl N-ethyl-L-valinate,

C. 2- [(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl N-methyl-L-valinate,

B. 2-amino-9- [(2-hydroxyethoxy)methyl]-1,9-dihydro-6H
purin-e-one .(acic1ovir),

1. 2- [(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl acetate,

A. 2-arnino-1,9-dihydro-6H-purin-6-one (guanine),

demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) IJ J, N.

10

10 --+ 40

40

Mobile phase B
(per cent VIl')

90

90 --+ 60

60

Mobile phase A
(per cent VIl')

Time
(min)

0-5

5 - 35

35 -45

Flow rate 0.8 mUmin.
Detection Spectrophotometer at 254 nm.

Injection 10 J1L.
Identification of impurities Use the chromatogram supplied
with vo1aciclovir for system suitabilityCRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D, H and M;
use the chromatogram obtained with reference solution (c) to
identify the peak due to impurity P.

Relativeretention 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 J .06; impurity D = about 1.2;
impurity M = abotlt""~1.6; impurity P = about 2.0.
Systemsuziability Reference solution (a):

- peak-to-valleY:iratio: minimum 2.0, 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
valaciclovir.

Limits:
- impurity M: maximum 0.6 per cent;
- impurity D: maximum 0.3 per cent;
- impurity C: maximum 0.2 per cent;
- impurities HJ P: for each impurity, maximum

0.10 per cent;
- unspecified impurities: 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 and B.

Limzi:
- totalfor tests A and B: maximum 4.0 per cent.

Water (2.5.12)
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 content of C13H21 CIN60 4 taking
into account the assigned content of anhydrousvalaciclovir
hydrochloride CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A J B~ C~ D~ G, HJ M, PJ RJ S.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimitedby 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 impurities for
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PhEur _

Product offermentation 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 colourless
crystals.

Solubility
Soluble in water, very slightly soluble in ethanol
(96 per cent).

IDENI1FICATION
Firstidentification: A, B.
Second identification: A, C.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison valine CRS.
C. Thin-layer chromatography (2.2.27).

Test-solution. Dissolve 10 mgofthe substance to be
examined in a 10.3 gIL solution of hydrochloric acidRand
dilute to 50 mL with the same solution.

Reference solution Dissolve 10 mg of valine CRS in a
10.3 gIL solution of hydrochloric acidR and dilute to 50 mL
with the same solution.

Plate TLC silica gelplateR.
Mobile phase glacial acetic acidR, waterR, butanol R
(20:20:60 VIVIV)

Application 5~.

Development Over 2/3 of the plate.

Drying In air.
Detection Spray with ninhydrin solution R and heat at 105 DC
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.

TESTS
Solution S
Dissolve 2.5 g in waterR and dilute to 100 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, MethodII).

Specific optical rotation (2.2. 7)
+ 26.5 to + 29.0 (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 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 dilute hydrochloric acidR1 or a sample preparation
buffer suitable for the apparatus used.

Testsolution Dissolve 30.0 mg of the substance to be
examined iii solution A and dilute to 50.0 mL with
solution A.

72-18-4117.1

o OHC,

:\ ~
. NH CH3

HN N •

~I) 0 CH3

H2NNN~0'-0
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-t-valinate,

N. 2-[[6-oxo-2-[[[(6-oxo-6,9-dihydro-IH-purin-2-yl)amino]
methyl] amino] -I,6-dihydro-9H-purin-9-yl]methoxy]ethyl
t-valinate,

=C
o :\0 ~-,NH2 CH3

N NH HN N
<IJ-... AI) 0 CH3

N N N~N N N ~ 0
H H H . '-0

DEFINITION
(2S)-2-Amino-3-methylbutanoic acid.

Valine

Action and use
Amino acid.

(Ph. Bur. monograph 0796)

____________________ PhEur

R. 2-[ (2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]
ethyl D-valinate,

CH3 0

o H3C~ A

:\

H3C 0~..NH CH3

HN N
I~ I) 0 CH3

H2N~N N ~ 0'-0
S. 2-[ (2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]

ethyl N-(tert-butoxycarbonyl)-L-valinate.
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____________________ PhEur

99-66-1144.2

(ph. Eur. monograph 1378)

Action and use
Antiepileptic.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 g in 10 mL of dilute
hydrochloric acidR. Shake with 3 quantities, each of 10 mL,
of methylisobutyl ketoneRl, 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 (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 gin 3 mL of anhydrous formic acidR.
Add 30 mL of anhydrous acetic 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 11.71 mg of
CSH11N02 •

STORAGE
Protected from light.

IMPURITIES
Specified impurities B.
Other detectable impurities (thefollowing substances would, if
present at a sufficient leoel, be detected by oneor otherof the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to identifythese impurities for demonstration of
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) A~ C.

C. (2S)-2-amino-4-methylpentanoic acid (leucine).

B. (2S,3S)-2-amino-3-methylpentanoic acid (isoleucine),

A. (2S)-2-aminopropanoic acid (alanine),

Valproic Acid

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 ofproline 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 ammoniumstandard
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 solution (d) Dissolve 30 mg of isoleucine R
(impurity B) and 30 mg of leucine R (impurity C) 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.

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
solution A.

Blank solution Solution A.

Inject suitable, equakamounts of the test, blank and reference
solutions into the aIUino acid analyser. Run a program
suitable for the detegnination of physiological amino acids.

Systemsuitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities B and --C.
Calculation ofpercentage contents:
- for impurity B, use the concentration of impurity B in

reference solution (e);
- for any ninhydrin-positive substance detected at 570 nm,

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.

Limits:
- impurityBat 570 nm: maximum 0.4 per cent;
- 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 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 10 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in distilled waterR 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 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.
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PhEur ...,,- _

DEFINITION
2-Propylpentanoic acid.

Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
Colourless or very slightly yellow, clear liquid, slightly
viscous.

Solubility
Very slightly soluble in water, miscible with ethanol
(96 per cent) and with methylene chloride. It dissolves in
dilute solutions of alkali hydroxides.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison valproic acid CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y5 (2.2.2, Method II).
Dissolve 2.0 g in dilute sodium hydroxide solution R and dilute
to 10 mL with the same alkaline solution.

Related substances
Gas chromatography (2.2.28).

Test solution Dissolve 0.500 g of the substance to be
examined in heptaneR and dilute to 100.0 mL with the same
solvent.

Reference solulwn (a) Dissolve 5 mg of valproic acidfor
system suitability CRS (containing impurity K) in 1.0 mL of
heptane R.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with heptane R.
Column:
- material: wide-bore fused silica;
- size: 1= 30 m, 0 = 0.53 mm;
- stationary phase: macrogol20000 2-nitroterephthalate R (film

thickness 0.5 urn).

Carrier gas helium for chromatography R.
Flow rate 8 mllrnin.
Temperature:

- unspecified impurities: 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
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- disregard limit: 0.03 times the area of the principal peak in
the chromatogram obtained with reference 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 gin 25 mL of ethanol (96 percent) R.
Add 2 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 14.42 mg of
CgH160Z•

STORAGE
In an airtight container.

IMPURITIES
Specified impurities K.
Other detectable impurities (thefollowing 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 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) A, B, C, D, E, F, G, H,
I, J, L.

A. pentanoic acid (valerie acid),

H3C~•• C~H
/\ and enantiomer

<\ H
CH3

B. (2RS)-2-ethylpentanoic acid,

Temperature
CC)

Time
(min)

Column

Injection port

Detector

0-5

5 - 15

15 - 28.3

28.3 - 30

80

80 -> 150

150 -> 190

190

220

220

C. (2RS)-2-(I-methylethyl)pentanoic acid,

Detection Flame ionisation.

Injection 1 ~lL.

Relativeretention 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 valproic acid.

Limits:
- impurity K: not more than 0.15 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

D. 2,2-dipropylpentanoic acid,

E. pentanamide (valeramide),

F. 2-propylpentanamide,
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TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 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 5 mg of valsartan forpeak
identification CRS (containing impurity A) in the mobile
phase and dilute to 5.0 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 rom;
- stationary phase: silica gel OD for chiral separations R.
Mobile phase trifiuoroacetic acidR, 2-propanol R, hexane R
(0.1:15:85 V/V/V).

FlO'lV rate 0.8 mIJmin.
Detection Spectrophotometer at 230 nm.

Injection 10 J.LL.
Run time 1.5 times the retention time of valsartan.

Identification of impurities Use the chromatogram supplied
with valsartan forpeak identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity A.

Relative retention With reference to valsartan (retention
time =about 13 min): impurity A =about 0.6.

System suiiability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity A and valsartan.

Limit:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(1.0 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 mg of the substance to be
examined in the mobile phase and dilute to 100.0mL 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 the contents of a vial of
ualsartan for system suitability CRS (containing impurity C) in
1.0 mL of the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 3.0 rom;
- stationary phase: end-capped octadecylsz1yl silica gelfor

chromatography R (5 1JlIl).

Solubility
Practically insoluble in water, freely soluble in anhydrous
ethanol, sparingly soluble in methylene chloride.

IDENTIFICATION
Carry out either tests A, B or tests A, C.

A. Infrared absorption speettophotometry (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.

137862-53-4

and enantiomer

435.5

Ph£ur ~ _

Action and use
Angiotensis II (AT1) receptor antagonist.

Preparations
Valsartan Capsules

Valsartan Tablets

DEFINITION
(2S)-3-Methyl-2- [pentanoyl[[2' -(lH-tetrazol-5-yl)biphenyl-4
yl]methyl] amino] butanoic acid.

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

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

(Ph. Bur. monograph 2423)

Valsartan'

H. pentanenitrile (valeronitrile),

G. 2,2-dipropylpentanamide,

L. (2RS)-2-methylpentanoic acid.
____________________ Ph£ur

I. 2-propylpentanenitrile,

K. (2RS)-2-ethyl-2-methylpentanoic acid,

J. 2,2:dipt6pylpentanenitrile,
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Mobzle phase glacial acetic acid R, acetonitrile R1, waterR
(1:500:500 VMV).

Flow rate 0.4 mUmin.
Detection Spectrophotometer at 225 nm.

Injection 10 (.LL

Run time 6 times the retention time of valsartan.

Identification ofimpurities Use the chromatogram supplied
with valsarr:an for .\)Istem suztability CRS and the
chromatogram. obtained with reference solution (b) to
identify the peak due to impurity C.

Relative retention With reference to valsartan (retention
time = about 5 min): impurity C = about O.S.

Systemsuitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurity C and vaIsartan.

Limits:
- impurityC: 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 (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).

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 1.0 g.

ASSAY
Dissolve 0.170 gin 70 mL of 21Jropanol R. Titrate with
0.1 M tetrabui;ylammonium hydroxide in 2-propanol,
determining the endpoint potentiometrically (2.2.20).
Perform all operations under nitrogen.

1 mL of 0.1 M teeraburylammonium hydroxide in 21Jropanol is
equivalent to 21.78 mg of CZ,J!29NS03'

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A~ C.
Otherdetectable impurities (the following substances toould, if
present at a sufficient leuel, be detected by oneor other of the tests
in the monograph. They arelimitedby 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 ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B.

A. (2R)-3-metb.:v{-2-[pentanoyl[[2'-(lH-tetrazol-5-yl)
biphenyl-4-yl]methyl]amino]butanoic acid,

2020

B. benzyl (2S)-3-methyl-2-[pentanoyl[[2'-(lH-tetrazol-5-yl)
biphenyl-4-yl] methyl] amino]butanoate,

C. (2S)-2-[butanoyl [[2' -(1H-tetrazol-5-yl)biphenyl-4-yl]
methyl] amino] -3-methylbutanoic acid.

_______~-----------_PhEur

Vancomycin Hydrochloride
(Ph. Bur. monograph 1058)

Action and use
Glycopeptide antibacterial.

Preparations
Vancomycin Capsules

VancomycinEye Drops

Vancomycin Infusion

Vancomycin Oral Solution

PhEur _

DEFINITION
Monohydrochloride of
(3S,6R, 7R,SM, ISM,22R,23S,26S,30aM,36R,3SaR)-3-(2
amino-2-oxoethyl)-44-[[2-0-(3-amino-2,3,6-trideoxy-3-C
methyl-Ct.-L-ryxo-hexopyranosyl)-~-D-g1ucopyranosyl]oxy]

10,19-dichloro-7,22,2S,30,32-pentahydroxy-6-[(2R)-4-
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Table 1058.-1

Column:
- size: 1= 0.15 m, 0 = 2.1 mm;
- stationary phase: end-capped, charged surface, ethylene-bridged

octadecylsilyl silica gelfor chromatography (hybrid material) R
(1.7 urn);

- temperature: 40 ± 2°C.

Mobile phase:
- mobile phase A: acetonitrile R, methanol R, solution A

(3:4:93 VIVIV);
- mobile phase B: acetonitrile R, methanolR, solution A

(10:40:50 VIVIV);

Temperature of solution A Target pH
CC)

15 8.27 ± 0.05

16 8.25 ± 0.05

17 8.22 ± 0.05

18 8.19 ± 0.05

19 8.16 ± 0.05

20 8.13 ± 0.05

21 8.11 ± 0.05

22 8.08 ± 0.05

23 8.05 ± 0.05

24 8.03 ± 0.05

25 8.00 ± 0.05

Mobile phase B
(per cent VIV)

Mobile phase A
(per cent VIJ')

Time
(min)

methyl-2-(methylarnino)pentanamido]-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)-8,11 :18,21
dietheno-13,16:31,35-dimetheno-lH,13H-[1,6,9]
oxadiazacydohexadecino [4,5-m] [10,2,16]
benzoxadiazacyclotetracosine-26-carboxylic acid
(vancomycin B hydrochloride).

Substance produced by certain strains of Amycolatopsis
orientalis.

Potency
Minimum 1050 IV/mg (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Examine the chr~IDatograms obtained in the test for
vancomycin-B and ~rated substances.

Results The princip~ peak in the chromatogram obtained
with the test solution-is similar in retention time to the
principal peak in the~~hromatogram obtained with reference
solution (a). --

B. It 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
450 nm is not greater t$n 0.10, and its absorbance at
370 nm is not ..eater than 0.65.

Dissolve 2.50 g in waterR and dilute to 25.0 mL with the
same solvent.

Flow rate 0.30 ± 0.02 mIJmin.
Detection Spectrophotometer at 280 nm.

Autosampler Set at 5°C.

Injection 2 ilL.
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 M; use the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities B, D, E, G and L.

Relative retention 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 suitability:
- 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);

pH (2.2.3)
2.5 to 4.5.

Dissolve 0.50 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Vancomycin B and related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.

Solution A Dissolve 7.0 g of tris(hydroxymethylj
aminomethane R in approximately 950 mL of waterfor
chromatography R. Measure the temperature of the solution
and adjust to the target pH indicated in Table 1058.-1 using
a 20 per cent VIV solution of glacial acetic acidR in water for
chromatography R and dilute to 1000 mL with waterfor
chromatography R.
Testsolution Dissolve 20.0 mg of the substance to be
examined in waterR and dilute to 5.0 mL with the same
solvent.

Reference solution (a) Dissolve 4 mg of vancomycin for system
suitability CRS (containing impurities A, C, F, H, I, J, K
and M) in 1.0 mL of waterR.

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
sample completely using sonication.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with a 0.1 per cent VIV solution of acetic acidR.
Dilute 1.0 mL of this solution to 10.0 mL with a
0.1 per cent VIV solution of acetic acidR.

0-7

7 - 21

21 - 35

35 - 37

88

88 75

75 25

25

12

12 25

25 75

75
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A. N2
.
1-demethylvancomycin B,

B. (1.2M)-[L-~-Asp3]vancomycin B (3.2-syn-chloro[L-~-Asp3]

vancomycin B) (CDP-1 major),

CHa _

NH2 HaC

N' NHN ....
H

o
"""- . H

I I ~ "OH
o ~

CI

CHa

C02H Hac~

:;t...... NHO ····H

H~ NHN. ..NH C
I

H0" a

o
CI ", .... H

I I OH
'0 ~

o

o

CHa
~

I NH2 HaC

N ..' N' NH ,o N N .... CHa
H H

o
CI ~ ~.... H

I I OH
o ~ 0 ~

OH CI

HO

HO

- signal-to-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 impurities Band E: maximum 2.0 per cent;
- impurityJ: maximum 1.6 per cent;
- impurities D, F, M: for each impurity, maximum

1.5 per cent;
- impurities G, I, K: for each impurity, maximum

1.2 per cent;
- impurityC: maximum 1.0 per cent;
- any other impurity eluting before vancomycin B: for each

impurity, maximum 0.8 per cent, and not more than 5
such impurities exceed 0.30 per cent;

- any other impurity eluting aftervancomycin B: for each
impurity, maximum 0.8 per cent, and not more than 3
such impurities exceed 0.30 per cent;

- totalof impurities: maximum 9.0 per cent;
- reporting threshold: 0.10 per cent.

Water (2.5.12)
Maximum 5.0 per cent, determined en 0.500 g.

Sulfated ash (214.14)
Maximum 1.0 per cent, determined on 1.00 g.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).

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-proof.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, I, J, K, M.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to identifythese impurities for demonstration of
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) L.

C. 0 4
.4-de- [2-Q-(3-amino-2,3,6-trideoxy-3-C-methyl-et-L

lyxo-hexopyranosyl)-~-D-glucopyranosyl]vancomycin B
(aglucovancomycin B),
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D. d·4-de-[2-0 -(3-amino-2,3,6-trideoxy-3-C-methyl-ct-L-
. ?Yxo-hexopyranosyl)-~-D-g1ucopyranosyl]-04.4-~-D

glucopyranosyl-vancomycin B
(desvancosaminylvancomycin B),

2020
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G. 4.3,.l\f,4 -anhydro-[t-n-Asp"] vancomycin B,

°

CH3

C02H H3C~
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H. 3.6-dechlorovancomycin B (mono-dechloro-e
vancomycin B),

E. [L-~-Asp3]vancomycin B (CDP-l minor),

F. [t-o-Glrr'[vancomycin B,

HO

o

CH3

NH2 H3C

N N ....NH CH
3

H
o

CI ~ .... H

I I OH
o ~

I. (1.2iY1)-vancomycin B (3.2-syn-chloro-vancomycin B),
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____________________ PhEur

121-33-5152.1CSHS03
Ph Eur --,-- _

CHARACTERS
White or slightly yellowish, crystalline powder or needles,
slightly soluble in water, freely soluble in alcohol and in
methanol. It dissolves indilute solutions of alkali hydroxides.

IDENTIFICATION
F~stidentijlcatwn: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 spectrum obtained with
vanillin 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, colour and size to the principal spot in
the chromatogram obtained with reference solution (a).

D. To 5 mL of a saturated solution of the substance to be
examined add 0.2 mL ofJerricchloride solution R1. A blue
colour is produced. Heat to 80°C. The solution becomes
brown. On cooling, a white precipitate 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 clear (2.2.1) and not more
intensely coloured than reference solution B6 (2.2.2,
Method II).

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gelGF254 R as the coating substance.

Testsolution (a) Dissolve 0.1 g of the substance to be
examined in methanol R and dilute to 5 mL with the same
solvent.

Testsolution (b) Dilute 1 mL of test solution (a) to 10 mL
with methanol R.
Reference solution (a) Dissolve 10 mg of vanz7lin CRS in
methanol R and dilute to 5 mL with the same solvent.

Reference solution (b) Dilute 0.5 mL of test solution (a) to
100 mL with methanol R.
Apply to the plate 5 !JL of each solution. Develop in an
unsaturated tank over a path of 10 cm using a mixture of
0.5 volumes of anhydrous acetic acidR, 1 volume of
methanol Rand 98.5 volumes of methylene chloride R. Dry the
plate in a current of cold air. Examine in ultraviolet light at
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

Vanillin

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 with reference to the dried
substance.

(Ph. Bur. monograph 0747)
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L. [L-oc-Asp3]vancomycin B),

M. unknown structure.

J. (CX,7R)-vancomycm B (26-epi-vancomycin B),
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Solubility
Slightly soluble in water, freely soluble in anhydrous ethanol,
practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison uardenafil hydrochloride CRS.

B. Water (see Tests).

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 Rl, mobile phase A (20:80 VIV).

Testsolution (aJ Dissolve 50.0mgofthe substance to be
examined in 20 mL of acetonitrile Rl and dilute to 100.0 mL
with mobile phase A.

Testsolution (b) Dilute 15.0 mL oftest solution (a) to
50.0 mL with the solvent mixture.

Reference solution (a) Dissolve 50.0 mg of vardenafil
hydrochloride CRS in 20 mL of acetonitrile Rl 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 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 (c) Dissolve 5 mg of vardenafil for system
suitability CRS (containing impurity A) in 2 mL of
acetonitrile Rl and dilute to 10 mL with mobile phase A.
Column:
- size: 1= 0.25m, 0 =3.0 mrn;
- stationary phase: end-capped polar-embedded octadecylsilyl

amorphous organosilica polymer R (5 JlIl1);
~ temperature: 45 -c.
Mobile phase:
- mobile phaseA: solution containing 0.7 gIL of disodium

hydrogen phosphate dihydrate R and 1.3 gIL of potassium
dihydrogen phosphate R;

- mobile phaseB: acetonitrile Rl;

dinitrophenylhydrazine-aceto-hydrochloric solution R and
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 per cent).

Reaction with sulfuric acid
Dissolve 50 mg in 5 mL of sulfuric acidR. After 5 min, the
solution is not more intensely coloured than a mixture of
4.9 mL of yellow primary solution and 0.1 mL of red
primary solution or a mixture of 4.9 mL of yellow primary
solution and 0.1 mL of blue primary solution (2.2.2~

Method!);

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.

Sulfated ash (2.4.14)
Not more than 0.05 per cent, determined on 2.0 g.

ASSAY
Dissolve O~120 g in 2.0 mL of alcohol R and add 60 mL of
carbon dioXide-ifree waterR. 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 15.21 mg of
CSHS03·

STORAGE
Store protected from light.
____....,...- PhEur

Vardenafil Hydrochloride
Trihydrate
(ph. Bur. monograph 2782)

Tune
(min)

Mobile phase A
(per cent VIJl)

Mobile phase B
(per cent VIJl)

PhEur _

Action and use
Selective inhibitor of cyclic GMP-specific phosphodiesterase
type V with vasodilator action; treatment of erectile
dysfunction.

Preparations
Vardenafil Tablets

Vardenafil Orodispersible Tablets

DEFINITION
2-[2-Ethoxy-5-[(4-ethylpiperazin-1-yl) sulfonyl]phenyl]-5
methyl-7-propylimidazo[5,1-jJ [1,2,4]triazin-4(3H)-one
hydrochloride trihydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightly brown or yellow powder.

20

20 -> 75

7S

80

80 -> 25

25

0-2

2 -22

22-27

Flowrate 0.5 mUmin.
Detection Spectrophotometer at 242 nm.

Injection 10 J1L of test solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with uardenafil for system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity A.
Relativeretention With reference to vardenafil (retention
time =about 16 min): impurity A = about 0.8.

System su£tability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

impurity A and vardenafil.

Calculation ofpercentage contents:
- for each impurity, use the concentration ofvardenafil in

reference solution (b).

330808-88-3579.1
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PhEur _

50700-72-6

Br

638

Action and use
Non-depolarizing neuromuscular blocker.

Preparation
Vecuronium Bromide for Injection

(ph. Eur. monograph 1769)

Vecuronium Bromide

C. 2,2'-[piperazine-1 ,4-diylbis [(sulfonyl) (4-ethoxybenzene
1,3-diyl)]]bis[5-methyl-7-propylimidazo[5, 1-j]
[1,2,4] triazin-4(3H)-one].

DEFINITION
1-[3cx,17~-Bis(acetyloxy)-2~-(piperidin-1-yl)-5cx-androstan

16~-yl]-1-methylpiperidin-1-iumbromide.

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

CHARACTERS
Appearance
White or almost white crystals or crystalline powder.

Solubility
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 (2.2.24).

Comparison vecuronium 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 add 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 BY7 (2.2.2, Method II).

____________________ PhEur

B. 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydroimidazo
[5,1-j] [1,2,4]triazin-2-yl)benzenesulfonic acid,

A. 2- [2-ethoxy-5- [(4-ethylpiperazin-1-yl)sulfonyl]phenyl]-5,7
dimethylimidazo[S, l-f][1,2,4] triazin-4(3H)-one,

Limits:
- impurity A: 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.

Sulfates (2.4.13)
.Maximum 400 ppm.

Suspend 0.5 gin 20 mL of a 5.15 gIL solution of hydrochloric
acidR and stir for 15 min. Filter if complete dissolution is
not obtained.

Water (2.5.12)
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.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection 10 ul, of test solution (b) and reference
solution (a).

Calculate the percentage content of C23H33CIN604S taking
into account the assigned content of vardenafil
hydrochloride CRS.

IMPURITIES
Specified impurities. A.
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
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034)e . 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.
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Specific optical rotation (2.2.7)
+ 30.5 to + 35.0 (anhydrous substance), determined on
solution S.

ImpurityB
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.10 g of the 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
examined and 5 mg of pancuronium 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 R and dilute
to 100.0 mL with the same solvent.

Plate TLCsilica gelplate R (2-10 J.UIl).

Mobilephase Dissolve 1 g of sodium bromide R in 5 mL of
water R. Add 85 mL of 2"1JTOPanol R, then 10 mL of
acetonitrile R.
Application 1 IlL.
Development In; an unsaturated tank, over 2/3 of the plate.

Drying .. In air for 30 min.

Detection Spray with a 2.5 gIL solution of iodine R in a
mixture of equal volumes of methanol R and methylene
chloride R.
System suitability Reference solution (a):
- the chromatogram shows 2 clearly separated spots.

Limit:
- impurity B: any spot due to impurity B is not more intense

than the spot in the chromatogram obtained with
reference solution (b) (0.25 per cent).

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

SolutionA 0.2 gIL solution of hydrochloric acidR in
methanolR2.

Test solution Dissolve 40 mg of the substance to be
examined in solution A and dilute to 20.0 mL with
solution A.

Reference solution (a) Dissolve 4 mg of vecuronium for system
c, suitabz1ity CRS (containing impurities C and E) in solution A

and dilute to 2.0 mL with the solution A.

Reference solution (b) 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.

Column:
- size: l =0.25 m, (2) =4.6 mm.;
- stationary phase: end-capped oetadecylsz1yl silica gelfor

chromatography R (5 J.lID.);
- temperature: 40°C.

Mobilephase Mix 135 volumes of an 18.0 gIL solution of
tetramethylammonium hydroxide R previously adjusted to
pH 6.9 with phosphoric add R, 250 volumes of methanol R2
and 615 volumes of acetomi:riIe RI.

Flow rate 2.0 mL/min.

Detection Spectrophotometer at 210 nm.
Autosampler Set at 4°C.
Injection 20 IlL. ~

Run time 5 times the retention time of vecuronium.

Identification of impurities Use the chromatogram supplied
with vecuronium for system suitability CRS and the

Vecuronium Bromide 11-1261

chromatogram obtained with reference solution (a) to
identify the peaks due to impurities C and E.

Relative retention With reference to vecuronium (retention
time = about 5 min): impurity C = about 0.8;
impurity E =about 1.2.

System suitability:
- signal-to-noise ratio: minimum 28 for the principal peak in

the chromatogram obtained with reference solution (b);
- peak-to-valley ratio: minimum 2.0, 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 principal peak in the
chromatogram obtained with reference solution (a).

Calculation ofpercentage contents:
~ correction factor. multiply the peak area of impurity C by

1.4; .
- for each impurity, use the concentration of vecuronium in

reference solution (b).

Limits:
- impurity C: 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 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 gin 50 mL of glacial acetic acid R. 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 63.8 mg
of C34H57BrNz04'

STORAGE
In an airtight container, protected from light and moisture.

IMPURITIES
Specified impurities B, C.
Otherdetectable impurities (thefollowing substances 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/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identz'fy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, D, E, F.

A. 2~, 16~-di(piperidin-1-yl)-5ct-androstane-3ct, 17~-diyl
diacetate,
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Or~
CH3

0"

H3CA~

B. 1,1 '-[3<l,17~-bis(acetyloxy)-5<l-androstane-2~,16~-diyl]bis

(L-methylpiperidin-l-ium): (pancuronium),

o
H3C~

H CH,~.H NO.
-. I
H CH3

C. 1-[17~-(acetyloxy)-3<l-hydroxy-2~-(piperidin-1-yl)-5<l

androstan-16~-yl]-1-methylpiperidin-l-ium,

D. 1-[3<l,17~-dihydroxy-2~-(piperidin-l-yl)-5<l-androstan
16~-yl]-1-methylpiperidin-l-ium,

E. 1-[3<l-(acetyloxy)-17~-hydroxy-2~-(piperidin-l-yl)-5<l

androstan-16~-yl]-I-methylpiperidin-l-ium,

F. 2~-(piperidin-l-yl)-17-oxo-5<l-androstan-3<l-yl acetate.
____________________ PhEur

Vegetable Fatty Oils
(ph. Bur. monograph 1579)
PhEur _

DEFINITION
Vegetable fatty oils are mainly solid or liquid triglycerides of
fatty acids. They may contain small amounts of other lipids
such as waxes, free fatty acids, partial glycerides or
unsaponifiable matters. Vegetable fatty oils are obtained from

2020

the seeds, the fruit or the pit/stone/kernel of various plants by
expression and/or solvent extraction, then possibly refined
and hydrogenated. A suitable antioxidant may be added if
necessary.
Virgin oil An oil obtained from raw materials of special
quality by mechanical procedures (e.g. by cold expression or
centrifugation) .
Refinedoil An oil obtained by expression and/or solvent
extraction, and subsequently either alkali refining (followed
by bleaching and any deodorisation) or physical refining.

Hydrogenated oil An oil obtained by expression and/or
solvent extraction, and subsequently either alkali refining or
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 forb enzo [a]pyrene decided by the competent authority.
A limit of 2.0 ppb is set in Commission Regulation (EC)
No. 208/2005.

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
A. Expression

High-pressure screw-pressing It consists of some or all 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 the
viscosity of the oil, coagulation of the protein in the 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 that only 3 per cent to 6 per cent
of the oil is left in the cake.

Wet 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 excellent 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. This operation can be carried out using:
- self-cleaning bowl or disc centrifuges;
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- 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 the
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
cleaned, ground, dehulled and flaked. The, most widely used
solvent is a mixture of mainly n-hexane and methylpentanes
(bp: 65-70 °C) commonly referred to as 'hexane'. Due to the
major fire and explosive risks of this mixture, liquified 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
triglyceridesand with minimal loss of oil. The contents of the
following s~bstances 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 :refining) ;

- water, which favours the enzymatic hydrolysis reactions
(by alkali refining, drying);

- partial glycerides, which may cause foaming and a bitter
taste (by neutralisation, washing);

- phosphatides and phosphorous compounds, which have
emulsifying properties and may came 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 refining)
and carotenoids (by bleaching);

- glycolipids, which may form colloidal solutions with
water;

- free hydrocarbons, paraffin, waxes and resinous materials;
- metals (Fe, Cu, Pb, Sn, Pt,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 other

vitamins);
- polycyclic aromatic hydrocarbons.

Alkali refining
It involves the following steps: degumming if necessary,
neutralisation using alkali, washing and drying.

Degumming During this step of the refining, i.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 with alkali This step reduces the free-fatty
acid content below 0.1 per cent; the fatty acids are converted
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 the disadvantage of saponifying a portion of neutral
oil if the neutralisation is not well conducted.

Vegetable Fatty Oils 11-1263

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
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 oil, which is generally heated at 90°C for
30 min under vacuum, with bleaching earth (natural or
activated) or carbon (activated or not); synthetic silica
adsorbents may also be added. Substances that have not
been totally removed during refining are eliminated, for
example carotenoids and chlorophyll.

Deodorisation
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
the oil: 200-235 "C for 1.5-3 h or greater than 240°C for
30 min.

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,
tocopherols, part of the refined oil), and may cause cis-trans
isomerisation of the unsaturated fatty-acid double bonds.

WINTERISATION
Elimination of solids and waxes by filtration at low
temperature (also called dewaxing). Thesesolids 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, Pt, 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.
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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.

Preparations
Venlafaxine Prolonged-release Capsules

Venlafaxine Prolonged-release Tablets

Venlafaxine Tablets

PhEur -'-- _

DEFINITION
< Hydrogenated Vegetable Oil is a mixture of ttiglycerides of

fatty acids of vegetable origin.

68334-00-9

Hydrogenated Vegetable Oil

Action and use
Excipient.

-------------------- PhEur DEFINITION
1-[(IRS)-2-CDimethylamino)-1-(4-methoxyphenyl)
ethyl]cyclohexanol 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
anhydrous ethanol, slightly soluble or practically insoluble in
acetone.

CHARACTERISTICS
An almost white, fine powder at room temperature and a
pale yellow, oily liquid above its melting point.

Practically insoluble in water; soluble ill hexaneand in hot
propan-2-ol.

IDENfIFICATION
Complies with the tests for Acid value, Iodine value and
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% w/w, 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°.

and enantiomer , Hel

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison venlafaxine hydrochloride CRS,
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
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 R and 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 phase and dilute to 25.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 rnLof the test solution to
10.0 m.L with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve the contents of a vial of
uenlafaxine for system suitability CRS (containing impurities D
and F) in 1.0 rnL of the mobile phase.

Column:
- size: 1=0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 urn) with a pore size of 10 nm.

Mobile phase Mix 510 volumes of acetonitrile Rand
1490 volumes of a solution prepared as follows: dissolve 17 g
of ammonium dihydrogen phosphate R in 1490 mL of waterR
and adjust to pH 4.4 using phosphoric acidR.

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 225 nm.

Injection 20~.

Run time 10 times the retention time of venlafaxine.

Relativeretention With reference to venlafaxine (retention
time =about 9 min): impurity D =about 0.9;
impurity F =about 3.4.

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

99300-78-4313.9

(ph. Bur. monograph 2119)

Venlafaxine Hydrochloride

Action and use
Inhibition of 5HT and noradrenaline reuptake;
antidepressant.
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System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity D and venlafaxine.

Limits:
- impurityF: 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 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)
(O.OS per cent).

Loss on drying (2.2.32)
. Maximum O.S per cent, determined on 1.000 g by drying in

'Vacuo at 80 DC for 3 h.

Sulfated asl1·(2.4.14)
Maximum 0:1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.2S0 g in a mixture of S.OmL of 0.01 M
hydrochloric acidand SOmL of ethanol (96 per cent) 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.

1 m.L of O.IM sodium hydroxide is equivalent to 31.39 mg
of C17H2SClN02.

IMPURITIES
Specified impurities F.

Other detectable 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 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, B, G, H.

A. 2-(4-methoxyphenyl)-NJN-dimethylethanamine,

B. ethyl (2RS)-3-(dimethylamino)-2-(4
methoxyphenyl)propanoate,

Verapamil Hydrochloride 11-1265

and enantiomer

D. 1-[ (IRS)-I-(4-methoxyphenyl)-2-(methylamino)
ethyl]cydohexanol,

E. (SRS)-5-(4-methoxyphenyl)-3-methyl-l-oxa-3-azaspiro
[S.5]undecane,

F. (2RS)-2-(cydohex-l-enyl)-2-(4-methoxyphenyl)-NJN

dimethylethanamine,

G. (2RS)-2-cyclohexyl-2-(4-methoxyphenyl)-lV,N
dimethylethanamine,

H.l-[(lRS)-I-(4-methoxyphenyl)-2-[[2-(4
methoxyphenyl)ethyl]amino] ethyl]cyclohexanol.

____________________ PhEur

Verapamil Hydrochloride
(Ph. Bur. monograph 0573)

Action and use
Calcium channel blocker.

Preparations
Verapamil Prolonged-release Capsules

Verapamil Prolonged-release Tablets
C. 1-[(lRS)-2-amino-l-(4-methoxyphenyl)ethyl]cyclohexanol,

491.1 152-11-4
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Plo» rate 1.5 mUmin.

Detection Spectrophotometer at 278 nm.

Injection 10 Ill-.
Relativeretention With reference to verapamil (retention
time =about 15 min): impurity I =about 1.3;
impurity M =about 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 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 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).

TESTS
SolutionS
Dissolve 1.0 g in carbon dioxide-free waterR while gently
heating and. dilute to 20.0 mL with the same solvent.

Appearance ofsolution
Solution S is clear (2.2.1) and colourless (2.2.2~ MethodII).

pH (2.23)
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).

Solventmixture Mobile phase B, mobile phase A
(37:63 VIV).

Test sdtaion Dissolve 25.0 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 5 mg of verapamil
hydrochloride CRS, 5 mg of verapamil impurity I CRS and
5 mgof uerapamil impurity M CRS in the solvent mixture and
dilute to 20 mL with the solvent mixture. Dilute 1 mL of
this solution to 10 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.

Column:
- size: 1=0.25 m, 0 =4.6 rnm;
- stationary phase: end-capped polar-embedded octadecylsilyl

amorphous organosilica polymer R (5 J.lID).

Mobilephase:
- mobile phaseA: 6.97 gIL solution of dipotassium hydrogen

phosphate R adjusted to pH 7.20 with phosphoric acidR;
- mobile phaseB: acetonitrile R;

Verapamil Injection

Verapamil Oral Solution

Verapamil Tablets

PhEur _

DEFINITION
(2RS)-2-(3,4-Dimethoxyphenyl)-5-[[2-(3,4
dimethoxyphenyl)ethyl] (methyl) amino]-2-(I-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.
IDENTIFICATION
First identification: B~ D.

Secondidentification: A~ C~ D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 20.0 mg in 0.01 M hydrochloric 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 nm.

Absorption maxima At 229nm and 278 nm.

Shoulder At 282 run.

Absorbance ratio A27s1A229 =0.35 to 0.39.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison verapamil hydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in methylene chloride R and dilute to 5 mL with the
same solvent.

Reference solution (a) Dissolve 20 mg of oerapamil
hydrochloride CRS in methylene chloride R and dilute to 10 mL
with the same solvent.

Reference solution (b) Dissolve 5 mg of papaverine
hydrochloride CRS in reference solution (a) and dilute to
5 mL with the same solution.

Plate TLC silica gelF254 plateR.

Mobile phase diethylamine R, cyclohexane R (15:85 VIV).

Application 5 ilL.

Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitabz1ity 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 and size to the
principal spot in the chromatogram obtained with reference
solution (a).

D. It gives reaction (b) of chlorides (2.3.1).

Tune
(min)

0-22

22-27

27-35

Mobile phase A
(per cent VIJI)

63

63 ~ 35

35

Mobile phase B
(per cent VIJI)

37

37 ~ 65

65
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Loss on drying (2.2.32)
Maximum 0.5 per cent, determined o~ 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 50 mL of anhydrous ethanol R and add
5.0 mL of 0.01 M hydrochloric acid.Titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Measure the volume added
between the 2 points of inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 49.11 mg of
CZ7H39ClNz04'

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (thefollowing substances soould, if
present at a.sufficient Ieuel, be detected by oneor otherofthe tests

in the monograph. They arelimitedby the general acceptance
criterion for.otherlunspecified 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~ B~ C~ D~ E~ F~ G, H~
I~ J~ x; L~ M~ N~ O~ P.

OCH3

H,co~ . (vOCH3
H3CO~N~N~

I I
CHs CH3

A. N~N'-bis [2-(3,4-dimethoxyphenyl)ethyl]-N~N'
dimethylpropane-l,3-diamine,

H3CO~
I CH

H co ~ N/ 3
3 H

B. 2-(3,4-dimethoxyphenyl)-N-methylethanamine,

H3CO~

I CH
H CO ~ N/ 3

3 I

CHs

C. 2-(3,4-dimethoxyphenyl)-N,N-dimethylethanamine,

D. 3-chloro-N-[2-(3,4-dimethoxyphenyl)ethyl]-N
methylpropan-l-amine,

H3CO~

~OH
H3CO

E. (3,4-dimethoxyphenyl)methanol,

Verapamil Hydrochloride 11-1267

F. (2RS)-2-(3,4-dimethoxyphenyl)-5-(methylamino)-2-(1
methylethyl)pentanenitrile,

H3C0:0

. I
HsCO ~ CHO

G. 3,4-dimethoxybenzaldehyde,

OCH3

~CO~ ~I~ OCH
s

HCO~N ~
3 I:

CH3 \ CN
CH3 and enantiomer

H. (2RS)-2-(3,4-dimethoxyphenyl)-5-[[2-(3,4
dimethoxyphenyl) ethyl](methyl)amino]-2
ethylpentanenitrile,

HSCO~ H~C~~~
HCO~N ~ . ·OCH3

3 I I
CH ~

3 ~ OCHs

and enantiomer

I. (2RS)-2-(3,4-dimethoxyphenyl)-2-[2-[[2-(3,4-dimethoxy
phenyl) ethyl](methyl)amino]ethyl]-3-methylbutanenitrile,

OCH3

HSCO~~.' ~~OCH3

I ·l
HCO ~ N ~

s H':
HsC\ CN and enantiomer

CH3

J. (2RS)-2-(3,4-dimethoxyphenyl)-5-[[2-(3,4-dimethoxy
phenyl) ethyl]amino]-2-(I-methylethyl)pentanenitrile (N
norverapamil) ,

¢
: HS

OCH3
CHs I

HsC " ~
H ''eN and enantiomer

K. (2RS)-2-(3,4-dimethoxyphenyl)-3-methylbutanenitrile,

L. 1-(3,4-dimethoxyphenyl)-:·2-methylpropan-l-one,
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PhEur _

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, slightly soluble in methanol,
practically insoluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison vigabatrin CRS.

TESTS
ImpurityD
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in water R and dilute to 10.0 mL with the same
solvent. To 1.0 mL of the solution add 2.0 mL of a 30.8 gIL
solution of boric acidR adjusted to pH 7.7 with a 500 gIL
solution of sodium hydroxide R, and mix. Add 3.0 mL of a
1.6 gIL solution of (9-fiuorenyDmethyl chloroformate R in
acetone R, mix and allow to stand for 5 min. Add 3.0 mL of
ethylacetate R, shake vigorously for a few seconds and allow
the phases to separate. Use the lower layer within 8 h of
preparation.

Reference solution Dissolve 20.0 mg of vigabatrin
impurity D C~S in waterR and dilute to 50.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
uiater R: To 1.0 mL of this solution add 20.0 mg of the
substance to be examined, dissolve in waterR and dilute to
10.0 mL with the same solvent. Prepare as for the test
solution, at the same time and in the same manner.

Column:
- size: 1= 0.15 m, (2) =4.6 mm;
- stationary phase: phenylsz1yl silica gelfor chromatography R

(5 !J.II1).
Mobile phase Mix 25 volumes of acetonitrile R and
75 volumes of a 4.1 gIL solution of anhydrous sodium
acetate R adjusted to pH 4.2 with glacial acetic acidR.
Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 263 nm.
Injection 25~.

Run time Twice the retention time. of vigabatrin.

Relatioe retention With reference to vigabatrin (retention
time = about 17 min): (9-fluorenyl)methanol = about 0.4;
impurity D = about 0.6.

System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

(9-fluorenyl)methanol and impurity D.

Limit:
- impurity D: not more than 0.5 times the area of the

corresponding peak in the chromatogram obtained with
the reference solution (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 40.0 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 10 mg of vigabatrin
impurity A C~S and 10.0 mg of vigabatrin impurityB C~S in
the mobile phase and dilute to 10.0 mL with the mobile
phase (solution A). Dilute 3.0 mL of solution A to 50.0 mL
with the mobile phase. Dilute 1.0 mL of this solution to
10.0 mL with the mobile phase.

60643-86-9129.2

DEFINITION
(4~S)-4-Aminohex-5-enoicacid.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

Vigabatrin

P. 2,6-bis(3,4-dimethoxyphenyl)-2,6-bis(l-methylethyl)
heptane-I ,7-dinitrile,

H3CO

H3CO

. OCH3

H3CO~ .~I~. OCH
3

HCO~N .#
3 I"

CH3 CN
CH3 and enantiomer

M.5,5'-[[2-(3,4-dimethoxyphenyl)ethyl]iInino]bis[2-(3,4
dimethoxyphenyl)-2-( I-methylethyl)pentanenitrile],

(). (2~~-2-(3,~din1ethoxyphenyl)-5-[[2-(3,4-dimethoxy
phenyl)ethyl] (methyl)amino]- 2-propylpentanenitrile,

N.5,5'-(methylimino)bis[2-(3,4-dimethoxyphenyl)-2-(1
methylethyl)pentanenitrile] ,

Action and use
Antiepileptic,

Preparations
Vigabatrin Oral Powder

Vigabatrin Tablets

(Ph. Bur. monograph 2305)

____________________ PhEur
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Reference solution (b) Dissolve 4.0 mg of vigabatrin
impurity E CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase. Dilute 1.0 mL of the solution to

50.0 mL with the mobile phase.

Reference solution (c) To 40 mg of the substance to be
examined add 1.0 m.Lof solution A and dilute to 10.0 mL
with the mobile phase.

Column 1:
- size: I =0.25 m, 0 =4.6 nun;
- stationary phase: hexylsz'bJl silica gelfor chromatography R

(5 1JlI1).

Column 2:
- size: 1=0.25 m, 0 =4.6 mm;
- stationary phase: cation-exchange resin R (10 J..lIIl).

Columns 1 and 2 are coupled in series.

Mobile phase Dissolve 58.5 g of sodium dihydrogen
phosphate R in waterR, add 23 mL of phosphoric acidRand
dilute to 1000 mL with waterR; mix 25 volumes of the
solution, 25 volumes of acetonitrile R1 and 950 volumes of
waterR. -- ... -.

Flow rate 1.O.mUmin.

Detection Spectrophotometer at 210. nm.
Injection 20J.tL.

Run time 2.5 times the retention time of vigabatrin.

Relativeretention With reference to vigabatrin (retention
time =about 18 min): impurity E =about 0.5;
impurity A = about 0.8; impurity B = about 1.5.

Identification of impurities 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 (b) to identify the peak due to impurity E.
System suitability:
- resolution: minimum 1.5 between the peaks due to

impurity A and vigabatrin in the chromatogram obtained
with reference solution (c);

- signal-to-noise ratio: minimum 20 for the peak due to
impurity E in the chromatogram obtained with reference
solution (b);

- repeatability: maximum relative standard deviation of
5.0 per cent after 5 injections of reference solution (b).

Limits:
- impurities A, B: for each impurity, not more than the area

of the corresponding peak in the chromatogram obtained
with reference solution (a) (0.15 per cent);

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

- total: maximum 0.5 per cent;
- disregard limit: 0.25 times the area of the peak due to

impurity E in the chromatogram obtained with reference
solution (b) (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.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.300 g.

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

ASSAY
Dissolve 90 mg in 50 mL ofglacial acetic acidR. Titrate with
0.1'M perchloric acid, determining the end-point
potentiometrically (2.2.20).

Vigabatrin 11-1269

1 mL of 0.1 M perchloric acid is equivalent to 12.92 mg
of C6H11NOz.

IMPURITIES
Specified impurities A, B, D.

Other detectable 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. 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, E, F.

H2C~ .
H""N~ and enannorner

H 0

A. (5RS)-5-ethenylpyrrolidin-2-one,

B. (2E)-2-(2-aminoethyl)but-2-enoic acid,

H 0

~N-"< its epimer at C* .
H2C H"\N~ NH2 and theirenantiomers

~. 0

C. 5-ethenyl-2-oxopyrrolidine-3-carboxamide (mixture of the
4 stereoisomers),

D.4-aminobutanoic acid (GABA),

its epimer at C"
and their enantiomers

F. 4-[(4-aminohex-5-enoyl)amino]hex-5-enoic acid (mixture
of the 4 stereoisomers).

____________________ PhEur
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PhEur _

Vinblastine Sulfate reference solution (c) (5.0 per cent). Disregard any peak with
an area less than that of the peak in 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 cC/min, under a.stream of nitrogen for chromatography R, at
a flow rate of 40 ml./min,

ASSAY
Examine by liquid chromatography (2.2.29).

Keep the solutions in icedwaterbefore use.
Testsolution Dilute 1.0 mL of solution S (seeTests) to
5.0 mL with waterR.
Reference solution (a) Dissolve the contents of a vial of
vinblastine sulfate CRS in 5.0 mL of waterR to obtain a
concentration of 1.0 mg/ml.,

Reference solution (b) Dissolve 1.0 mg of vincristine
sulfate CRS in 1.0 mL of reference solution (a).

Reference solution (c) Dilute 1.0 mLofreference solution (a)
to 50.0 mL with waterR.
Reference solution .(d) Dilute 1.0 mL of reference solution (c)
to 20.0 mL with waterR.
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 octylsilyl silica gelfor
chromatography R (5 J.lII1). Place between the injector and
the column a precolumn packed with suitable silica gel,

- as mobile phase at a flow rate of 1.0 mIlmin a mixture of
38 volumes of a 1.5 per cent V/V solution of
diethylamine R adjusted to pH 7.5 with phosphoric acidR,
12 volumes of acetonitrile R and 50 volumes of methanol R,

- as detector a spectrophotometer set at 262 om,
- a loop injector.
Inject 10 ul, of each solution and record the chromatograms
for 3 times the retention time of the peak due 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 obtained with reference solution (d) has
a signal-to-noise ratio not less than 5. Calculate the
percentage content of C46H6oN4013S from the area of the
principal peak in each of the chromatogramsobtained with
the test solution and reference solution (a) and from the
declared content of vinblastine sulfate CRS.

STORAGE
Store in an airtight, glass container, protected from light, at a
temperature not exceeding -20 "C. If the substance is sterile,
store in a sterile, airtight, tamper-proof glass container.
____________________ PhEur

143-67-9909

Vinblastine Sulphate

(Ph. Eur. monograph -0748)

Action and use
Vinca alkaloid cytotoxic.

Preparation
Vinblastine Injection

CHARACTERS
A white or slightly yellowish, crystalline powder, very
hygroscopic, freely soluble in water, practically insoluble in
alcohol.

IDENTIFICATION
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the Ph. Eur. reference spectrum of
vinblastine sulfate.

B. Examine the chromatograms obtained in the assay.
The principal peak in the chromatogram obtained with the
test solution is similar in position and approximate size to the
principal peak in the chromatogram obtained with reference
solution (a).

TESTS
Solution S
Dissolve 50.0 mg in carbon dioxide-free water R 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, Method1).

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 to 5.0.

Related substances
Examine the chromatograms obtained in the assay. In the
chromatogram obtained with the test solution, the area of
any peak apart from the principal peak is not greater than the
area of the principal peak in the chromatogram obtained with
reference solution (c) (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

DEFINITION
Vinblastine sulfate contains not less than 95.0 per cent and
not more than the equivalent of 104.0 per cent of methyl
(3aR,4R,5S,5aR, 10bR,13aR)-4-(acetyloxy)-3a-ethyl-9-
[(5S,7R,9S)5-ethyl-5-hydroxy-9-(methoxycarbonyl)
1,4,5,6,7,8,9,10-octahydro-211-3,7-methanoazacycloundecino
[5,4-b]indol-9-yl]-5-hydroxy-8-methoxy-6-methyl
3a,4,5,5a,6,11,12,13a-octahydro-lll-indolizino[8,1-cd]
carbazole-5-carboxylate sulfate, calculated with reference to
the dried substance.
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Vincristine Sulfate
Vincristine Sulphate

(Ph. Bur. monograph 0749)

923 2068-78-2

Reference solution (c) Dilute 1.0 mL of the test solution to
50.0 mL with waterR.

Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 20.0 mL With waterR.

Precolumn:
- stationary phase: octylsilyl silica gelfor chromatography R.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm,
- stationary phase: octylsilyl silica gelfor chromatography R

(5 um),

Mobilephase:
- mobile phaseA: 1.5 per cent V/V solution of diethylamine R

adjusted to pH 7.5 with phosphoric acidR,
- mobile phaseB: methanol R,

Action and use
Vinca alkaloid cytotoxic.

Preparation
Vincristine .Iniection

Time
(min)

0-12

12 - 27

Mobile phase A
(per cent VIJI)

38

38 ..... 8

Mobile phase B
(per cent VIV)

62

62 ..... 92

PhEur -=..,--...,..",..,-- _

DEFINITION,'
Methyl (3aR,4Rj58,paR,10bR, 13aR)-4-(acetyloxy)-3a-ethyl
9- [(58,7 R,9S)-5-ethyl-5-hydroxy-9-(methoxycarbonyl)
1,4,5,6,7,8,9,10-octahydro-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-1H-indolizino[8,1-cd]
carbazole-f-carboxylate sulfate.

Content
95.0 per cent to 104.0 per cent (dried substance).

CHARACTERS
Appearance
White or 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.

TESTS
Solution S
Dissolve 50.0 mg in carbon dioxide-free waterR and dilute to
10.0 mL with the same solvent. Keep the solution in iced water
to carry out the testfor related substances.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method1).

pH (2.2.3)
3.5 to 4.5.

Dilute 2 mL of solution S to 10 mL with carbon dioxide-free
waterR.

Related substances
Liquid chromatography (2.2.29). Keep the solutions in iced
waterbefore use.

Test solution Dilute 1.0 mL of solution S to 5.0 mL with
waterR.

Reference solution (a) Dissolve the contents of a vial of
vincristine sulfate CRS in 5.0 mL of waterR to obtain a
concentration of 1.0 mg/mL.

Reference solution (b) Dissolve 1.0 mg of vinblastine
sulfate CRS in 1.0 mL of reference solution (a).

Flow rate 2 mlJrnin.
Detection Spectrophotometer at 297 nm.

Injection 20 IlL.
System suitability Reference solution (b):
- resolution: minimum 4 between the peaks due to

vincristine and vinblastine.

Limits:
- any impurity: not more than the area of the principal peak

in the chromatogram obtained with reference solution (c)
(2.0 per cent),

- total: not more than 2.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (c) (5.0 per cent),

- disregard limit: area of the peak in the chromatogram
obtained with reference solution (d) (0.1 per cent).

Loss 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,
under a current of nitrogen for chromatography R, at a flow
rate of 40 mIJmin.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances, with the following modifications.

Mobz1e phase Mix 30 volumes of a 15 per cent V/V solution
of diethylamine R adjusted to pH 7.5 with phosphoric acidR
and 70 volumes of methanol R.

Flow rate 1.0 mlJrnin.
Calculate the percentage content of C46HssN4014S using the
chromatogram obtained with reference solution (a) and the
declared content of vincristine sulfate CRS.

STORAGE
In an airtight, glass container, protected from light, at a
temperature not exceeding -20°C. If the substance is sterile,
store in a sterile-airtight, tamper-proof glass container.

IMPURITIES
Specified impurities A, B, C, D, H.
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 impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
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therefore not necessary to z"dentlJy these imptaities for
demonstration of compliance. See also 5.10. Control ofimpurities
in substances for pharmaceutical use) E, F, G.

A. methyl (3aR,4R,5S,SaR,10bR,13aR)-4-(acetyloxy)-3a
ethyl-9-[(5R,7S,9~-5-ethy~5,6~ydroxy-9

(methoxycarbonyD-l,4,5,6,7,8,9,10~~ydro-21f-3,7

methanoazacycloundecino[5,4-b]indol-9-yl]-6-formyl-5
hydroxy-8-methoxy-3a,4,5,5a,6,11, 12,13a~etahydro-l1f
indolizino [8,1-ed]carbazole-Sscarboxylate (3'-hydroxy
VCR),

.~CH3

N " H

II ~...N ...H' CH3
\ H . /

N 0'y"'CH3
H ---, H ""H II

I . 00
HCO ~ N O~'(

o 3 CHO OCH3

B. methyl (3aR,4R,5S,5aR, 10bR,13aR)-4-(acetyloxy)-3a
ethyl-9-[(5R,7S,9~-5-ethyl-9-(methoxycarbonyl)
1,4,S,6,7,8,9,10-octahydro-2H-3,7
methanoazacycloundecino[S,4-b]indol-9-yl]-6-formyl-5
hydroxy-8-methoxy-3a,4,5,5a,6,11,12,13a-oetahydro-l1f
indolizino[8, I-cd] carbazole-S-carboxylate (4'
deoxyvincristine),

C. methyl (3aR,4R,5S,5aR, lObS, 13aR)-4-(acetyloxy)-3a
ethyl-9- [(5S,7R,9~-5-ethyl-S-hydroxy-9
(methoxycarbonyl)-1,4,5,6,7,8,9,10~etahydro-21f-3,7

methanoazacycloundecino [S,4-b] indol-9-yl]-5-hydroxy-8
methoxy-3a,4,5,5a,6,11,12,13a-oetahydro-l1f-indolizino
[8,I-cd]carbazole-S-carboxylate (N-desmethylvinblastine),

D. methyl (3aR,4R,5S,5aR,10bR,13aR)-3a-ethyl-9-
[(5S,7R,9S)-5-ethyl-5-hydroxy-9-(methoxycarbonyl)
1,4,S,6,7,8,9,10-octahydro-2H-3,7
methanoazacycloundecino [S,4-b] indol-9-yl] -6-formyl-4,5
dihydroxy-8-methoxy-3a,4,5,Sa,6,11,12,13a-oetahydro-

2020

I1f-indolizino [8, I-cd] carbazole-5-carboxylate
(deacetylvincristine),

E. methyl (3aR,4R,5S,5aR,10bR,13aR)-3a-ethyl-9-
[(5S,7R,9S)-5-ethyl-5-hydroxy-9-(methoxycarbonyl)
1,4,S,6,7,8,9,1 0-octahydro-21f-3,7
methanoazacyc1oundecino [5,4-b] indol-9-yl] -4,5-dihydroxy
8-methoxy-6-methyl-
3a,4,5,5a,6,11,12,13a-oetahydro-l1f-indolizino[8, I-cd]
carbazole-5-carboxylate (deacetylvinblastine),

F. methyl (3aR,4R,5S,5aR, 1ObR, 13aR)-4-(acetyloxy)-3a
ethyl-9-[(laS,11S,13S,13aR)-la-ethyl-ll
(methoxycarbonyl)-1a,4,5, 10,11,12,13,13a-oetahydro-21f
3, 13-methano-oxireno[9,10]azacyc1oundecino [S,4-b]indol
l1-yl]-5-hydroxy-8-methoxy-6-methyl
3a,4,5,5a,6,11,12,13a-octahydro-l1f-indolizino[8, I-cd]
carbazole-5-carboxylate (leurosine),

G. methyl (3aR,4R,5S,5aR, 10bR,13aR)-4-(acetyloxy)-3a
ethyl-9-[(laS,11S,13S,13aR)-la-ethyl-ll
(methoxycarbonyl)-la,4,5,10,11,12,13,13a-octahydro-21f
3, 13-methano-oxireno[9,10]azacycloundecino[S,4-b]indol
l1-yl]-6-formyl-5-hydroxy-8-methoxy
3a,4,5,5a,6,11,12,13a-oetahydro-l1f-indolizino[8, I-cd]
carbazole-5-carboxylate (formyUeurosine),

H. vinblastine.
___________________ PhEur
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2020 Vindesine Sulfate 11-1273

Column:
- size: 1= 0.15 m, (2) = 4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase:
- mobile phase A: 1.5 per cent V/V solution of diethylamine R

adjusted to pH 7.4 with phosphoric acidR;
- mobile phase B: methanol R;

Vindesine Sulfate
Vindesine Sulphate

(Ph. Bur. monograph 1276)

Time
(min)

0-40

40 - 49

49 - 60

Mobile phase A
(per cent Vfl')

49

49 -> 30

30

Mobile phase B
(per cent VIJI)

51

51 ...... 70

70

PhEur ,...-- _

DEFINITION
3-(Carbamoyl)-(1I-deacetyl-~e(methoxycarbonyl)

vincaleukoblastine sulfate.

Content
96.0 per cent to 103.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, amorphous, hygroscopic substance.

Solubility
Freely soluble in water and in methanol, practically insoluble
in cyclohexane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison Ph. Bur. refemu:e spectrum of vindesine sulfate.

TESTS
Solution S
Dissolve 50 mg in carbon dim:ide-free water 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 Y1 (2.2.2., Method l).

pH (2.2.3)
3.5 to 5.5 for solution S.

Related substances
Liquid chromatography (2.2.29). Keep the solutions in iced
water before use.
Test solution Dissolve 10.0 mg:of the substance to be
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 solution (b) Dissolve 1.0 mg of
desacetyhnnblastine CRS in water R, add 1.0 mL of the test
solution and dilute to 50.0 mL with water R.
Reference solution (c) In order to prepare impurity A in situ,
dissolve 0.2 g of the substance to be examined in dilute
hydrogen peroxide solution R and dilute to 20.0 mL with the
same solvent. Dilute 2.0 mL of the solution to 10.0 mL with
water R. Inject the solution within 1 h of preparation.

Action and use
Vinca alkaloid cytotoxic.

Preparation
Vindesine Injection

852 59917-39-4
Flow rate 2 mIJmin.
Detection Spectrophotometer at 270 nm.
Injection 200 jlL.
Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity A.

Relative retention With reference to vindesine (retention
time = about 25 min): impurity A = about 0.2.

System suitability Reference solution (b):
- the retention time of vindesine is less than 40 min;
- resolution: minimum 2.0 between the peaks due to

vindesine and desacetylvinblastine;
- symmetry factor. maximum 2.0 for the peak due to

vindesine.

Limits:
- impurity 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);

- 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°C; weigh the sample in an
inert atmosphere and carry out a blank test.

ASSAY
Liquid chromatography (2.2.29). Keep the solutions in iced
water before use.
Testsolution Dissolve 5.0 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve and dilute the entire contents
of a vial of vindesine sulfate CRS with waterR to yield a
concentration of approximately 0.50 mg/mL.

Reference solution (b) . Add 1.0 mg of desacetylvinblastine CRS
to 2.0 mL of reference solution (a).

Column:
- size: 1= 0.15 m, (2) =4.6 mrn;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 um).
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____________________ PhEur

Vinorelbine Tartrate

125317-39-71079

C.04-deacetyl-23-demethoxy-23

hydrazinylvincaleukoblastine (deacetylvinblastine
hydrazide) .

(Ph. Bur. monograph 2107)

Mobile phase Mix 38 volumes of a 1.5 per cent V/V solution
of diethylamine R, previously adjusted to pH 7.4 with
phosphoric add R, and 62 volumes of methanolR.

Flow rate 1 mUmin.
Detection Spectrophotometer at 270 nm,

Injection 20 j.lL.

System 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;
- repeatability: maximum relative standard deviation of

1.5 per cent for the peak due to vindesine after
5 injections,

Calculate the percentage content of C43Hs7NsOIIS taking
into account the assigned content of vindesine 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-proof container.

IMPURITIES
Specifiedimpurities A.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or otherof the tests
in the monograph. They are limitedby thegeneral acceptance
criterion for other/unspecified impurities 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) B, C.

A. 3-(carbamoylj-O't-deacetyl-3-de(methoxycarbonyl)
vincaleukoblastine }/J' -oxide (vindesine N'3-oxide),

B. vincaleukoblastine (vinblastine),

Action and use
Vinca alkaloid cytotoxic.

PhEur _

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).

CHARACTERS
Appearance
White or almost white powder, hygroscopic.

Solubility
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 sulfate 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
above,

B, It gives reaction (b) of tartrates (2.3.1).
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2020 Vinorelbine Tartrate 11-1275

Flow rate 2.0 mUmin.
Detection Spectrophotometer at 267 nm.

Autosampler Set at 5 "C,

Injection 20 J.LL.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A; use the chromatogram supplied with vinorelbine
for peak identification B CRS and the chromatogram obtained
with reference solution (d) to identify the peaks due to
impurities C and I; use the chromatogram supplied with
vinorelbine for peak identzjieation A CRS and the

TESTS
Solution S
Dissolve a quantity equivalent to 0.140 g of the anhydrous
substance in carbon dioxide-free 'Water R and dilute to 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 nm 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 normalisation
procedure.

Solventmixture Mobile phase A, mobile phase B
(45:55 VIV).

Testsolution 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}-z Dissolve 14 mg of oinorelbine
tartrate CRS in watiF''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 nm, supplying a dose
of 1600 kJ/m2 at a fluence rate of 500 W/m2 in order to
generate impurity A.

Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 100.0 mL with the solvent mixture.

Reference ;olution (c) Dissolve 7 mg of vinorelbine for peak
identification A CRS (containing impurity K) in the solvent
mixture and dilute to 5.0 mL with the solvent mixture.

Reference solution (d) Dissolve 7 mg of vinorelbine for peak
identification B CRS (containing impurities C and I) in the
solvent mixture and dilute to 5.0 mL with the solvent
mixture.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (5 J.IIIl);
- temperature: 30 "C. ~

Mobile phase:
- mobile phaseA: mix 14 mL of diethylamine R and 986 mL

of waterfor chromatography R, and adjust to pH 7.5 with
dilute phosphoric acidR;

- mobile phaseB: acetonitrile R, methanol R (20:80 VIV);

Time
(min)

0-5

5 - 45

45 - 50

Mobile phase A
(per cent VIV)

45

45 -+ 20

20

Mobile phase B
(per cent V/JI)

55

55 -+ 80

80

chromatogram obtained with reference solution (c) to identify
the peak due to impurity K.

Relativeretention With reference to vinorelbine (retention
time =about 20 min): impurity C =about 0.65;
impurity K =about 0.8; impurity A =about 0.9;
impurity I = about 1.2.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity A and vinorelbine.

Limits:
- impurityA: maximum 0.3 per cent;
- impurities C, I, K: for each impurity, maximum

0.2 per cent;
- unspecified impurities: 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 water R. Slowly add 10.0 mL of sulfuric
acidR 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 acidR in sulfuric acidR.

Reference solution Dilute 2.5 mL of a 0.572 gIL solution of
boric acidR to 100.0 mL with water R. To 2.0 mL of this
solution slowly add 10.0 mL of sulfuric acidR 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 4ltid R in
sulfuric acidR.
Blank solution To 2.0 mL of waterR slowly add 10.0 mL of
sulfuric acidR 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 acidR in sulfuric acidR.
After 45 min, measure the absorbance (2.2.25) of the test
solution and the reference solution, between 560 nm 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, Method /) using a fluoride-selective
indicator electrode and a silver-silver chloride reference
electrode.

Testsolution 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 water R.

Reference solutions To 0.6 mL, 0.8 mL, 1.0 mL, 1.2 mL and
1.4 mL oi fiuotide.standard solution (10 ppm F) R, add
5.0 mL of total-ionic-strength-adjustment buffer R and dilute to
50 mL with water R.
Introduce the electrodes into the reference solutions and
allow to stand for 5 min. Determine the potential difference
between the electrodes after 1 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 same conditions, determine the
potential difference obtained with the test solution and
calculate the content of fluoride.

Silver
Maximum 5 ppm.

Atomic absorption spectrometry (2.2.23, Method /).
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E. 4'-deoxy-3'et,4'«-epoxyvincaleukoblastine (leurosine),

F. (6'RS)-4'-deoxy-6'-methyl-3',4'-didehydro-6'-azonia-S'
norvincaleukoblastine,

G. 4'-deoxy-3'etA'e-epoxy-B'-norvincaleukoblastine,

H. 4'-deoxy-3'A'-didehydro-8',24-dinorvincaleukoblastine,

1. 17-bromo-4'-deoxy-3',4'-didehydro-B '
norvincaleukoblastine,

B. 04-deacetyl-4'~deoxy-3',4'-didehydro-S'

norvincaleukoblastine,

C. unknown structure,

A. 3,4'-dideoxy-3,6~-epoxy-3'A',7,S-tetradehydro-6,7

dihydro-S'-nor-3~-vincaleukoblastine,

Test solution Dissolve 0.500 g of the substance to be
examined in 10.0 mL of water R.

Reference solutions Prepare the reference solutions using silver
standardsolution (5 ppm Ag) R and diluting with a
6.5 per cent V/V solution of lead-free nitricacidR.

Source Silver hollow-cathode lamp.

Wavelength 32S.1 nm,

Atomisation device Air-acetylene flame.

Water (2.5.12)
Maximum 4.0 per cent, determined on 0.250 g.

ASSAY
Dissolve 0.350 gin 40 mL of glacialacetic add R. 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 53.96 mg
. of CS3H66N40Z0'

STORAGE
Under an inert gas, protected from light, at a temperature
not exceeding -15 0 C.

IMPURITIES
Specified impurities A, C, I, K.

Other detectable impurities (the following substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to £denufy these £mpuniies for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, D, E, F., G, H, J.

D. (6'RS)-4'-deoxy-3',4'-didehydro-S'-norvincaleukoblastine
6'-oxide,

J. 4'-deoxy-3',4'-didehydrovincaleukoblastine,
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____________________ PhEur

PhEur _

vinpocetine impurity D CRS in the mobile phase and dilute to
50.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 m.L of reference solution (a)
and 1.0 mL of reference solution (b} to 20.0 mL with the
mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped oetadi!cylsilyl silica gelfor

chromatography R (5 JlII1).

Mobile"phase 15.4 gIL solution of amnionium acetate R,
acetonitrile R (45:55 V/V).
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 280 nm.
Injection 15 J.1L.
Run time 3 times the retention time ofvinpocetine.

Relativeretention With reference to vinpocetine (retention
time = about 16 min): impurity A = about 0.4;
impurity D = about 0.68; impurity B = about 0.75;
impurity C = about 0.83.

System suitability Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

impurities D and B.

Limits:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.6 per cent);

- impurities B, D: for each impurity, not more than the area
of the corresponding peak in the chromatogram obtained
with reference solution (c) (0.5 per cent);

- impurity 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: for each impurity, not more than the
area of the peak due to vinpocetin.e in the chromatogram
obtained with reference solution (c) (0.10 per cent);

- total: not more than 10 times the area of the peak due 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 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
vacuo in an oven at 100 DC for 3 h.

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

ASSAY
Dissolve 0.300 gin 50 mL of a mixture of equal volumes of
acetic anhydride R and anhydrous acetic acid R. Titrate with
0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivaIent to 35.05 mg
of CZZHZ6NzOz.

IMPURITIES
Specified impurities A, B, C, D.

42971-09-5

and epimer at C*

350.5

Action and use
Vasodilator."

(Ph. Bur. monograph 2139)

K. 4'-deoxy-8'-nor-4'Ct~-vincaleukoblastine.

Vinpocetine

DEFINITION
Ethyl (13aS,13b5)-13a-ethyl-2,3,5,6,13a,13b-hexahydro-lH
indolo[3,2, l-de]pyrido [3,2,I-vJ [1,5]naphthyridine-12
carboxylate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellow, crystalline powder.

Solubility
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 vinpocetine CRS.

TESTS
Specific optical rotation (2.2.7)
+ 127 to + 134 (dried substance).

Dissolve 0.25 gin dimethylforrnamide R and dilute to 25.0 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 50.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
" 50.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of vinpocetine
impurity B CRS, 6.0 mg of vinpocetine impurity A CRS,
5.0 mg of vinpocetine impun'ty C CRS and 5.0 mg of
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11-1278 Vitamin A

o

A. ethyl (12S, BaS,13bS)-13a-ethyl-12-hydroxy
2,3,5,6,12,13, 13a, 13b-octahydro-1H-indolo[3,2,1
de]pyrido [3,2, l"-vJ [l,5]naphthyridine-12-carboxylate (ethyl
vincaminate),

B. methyl (13aS,13bS)-13a-ethyl-2,3,5,6,13a,13b-hexahydro
IH-indolo[3,2,1-de]pyrido[3,2,I-vJ [1,5]naphthyridine-12
carboxylate (apovincamine),

o CHs

Haeo

C. ethyl (BaS,13bS)-13a-ethyl-1O-methoxy-2,3,5,6,13a,13b
hexahydro-lH-indolo [3,2, I-de] pyrido [3,2, I-vJ
[1,5]naphthyAdine-12-carboxylate (methoxyvinpocetine),

o CHa

HaC/'-..O)" H

N and enantiomer

D. ethyl (12RS,13aRS,13bRS)-13a-ethyl
2,3,5,6,12,13,13a,13b-octahydro-1H-indolo[3,2,1
de]pyrido[3,2,I-vJ [1,5]naphthyridine-12-carboxylate
(dihydrovinpocetine) .

____________________ PhEur

Vitamin A
(Ph. Eur. monograph 0217)

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.

H~~,R
U"U 0CHs

Substance R Molecular M r

formula

all-(E)-retinol H CZoH300 286.5

all-(E)-retinol acetate CO-CH3 CZZH320 Z 328.5

all-(E)-retinol propionate CO-CzHs Cz3H34OZ 342.5

all-(E)-retinol palmitate CO-C 1sH3 1 C3t#600 Z 524.9

2020

Preparation
Paediatric Vitamins A, C and D Oral Drops
PhEur _

DEFINITION
VitaminA 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 all-(E)-retinol (all-(E)-3,7-dimethyl
9-(2,6,6-tIimethylcyc1ohex-l-enyl)nona-2,4,6,8-tetraen-l-01;
CZOH 300 ) . 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.). 1 mg RE. corresponds to the activity of 1 mg of all
(E)-retinol. The activity of the other retinol esters is
calculated stoichiometrically, so that 1 mg RE. of vitamin A
corresponds to the activity of:
- 1.147 mg of all-(E)-retinol acetate,
- ·1.195 mg of all-(E)-retinol propionate,
- 1.832 mg of all-(E)-retinol palmitate.

International Units (IV) are also used to express the activity
of vitamin A. 1 ill of vitamin A is equivalent to the activity
of 0.300 Jlg of all-(E)-retinol. The activity of the other retinol
esters is calculated stoichiometrically, so that 1 ill of
vitamin A is equivalent to the activity of:
- 0.344 J,tg of all-(E)-retinol acetate,
- 0.359 Jlg of all-(E)-retinol propionate,
- 0.550 Jlg of all-(E)-retinol palmitate,

1 mg of retinol equivalent is equivalent to 3333 IU.

CHARACTERS
Appearance
Retinol acetate: pale-yellow 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 yellow solid or a yellow oily
liquid, if melted (mp: about 26°C).

Solubility
All retinol esters are practically insoluble in water, soluble or
partly soluble in anhydrous ethanol and miscible with organic
solvents.

Vitamin A and its esters are very sensitive to the action of air,
oxidising agents, acids, light and heat.

Carryout the assay and all tests as rapidly aspossible, avoiding
exposure to actinic lightand air, oxidising agents, oxidation
catalysts (e.g. copper, iron), acids and heat;usefreshly prepared
solutions.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Prepare a solution containing about 3.3 IU of
vitamin A per micro litre in cyclohexane R containing 1 gIL of
butylhydroxytoluene R.
Reference solution Prepare a 10 mg/mL solution of retinol
esters CRS (i.e. 3.3 ill of each ester per microlitre) in
cyclohexane R containing 1 gIL of butylhydroxytoluene R.

Plate TLC silica gelF254 plateR.
Mobile phase ether R, cyclohexane R (20:80 V/V).

Application 3~.

Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
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System suitability 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 cyclohexane R, stabilised
with a solution containing 1 gIL of burylhydroxytoluene R,
containing about 330 ill of vitamin A per rnicrolitre.

Reference solution Shake 1 m.L of the test solution with
20 mL of 0.1 M tetrabutylammonium hydroxide in 2-propanol
for 2 min.and dilute to 100 mL with cyclohexane R, stabilised
with a solution containg 1 gIL of butylhydroxytoluene R.
Plate-YLC·silica gelF254 plateR.

Mobilephase ether R, cyclohexane R (20:80 VIV).

Application 3 J.LL.
Development Over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
System suitabt1ity Reference solution:
- in the chromatogram obtained no or only traces of the

retinol esters are seen.

Limit Any spot 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 solution The solution described under Activity.

Absorption maximum At 325 DIn to 327 nm.
Absorbance ratios:
- A30olA326 = maximum 0.60;
- A350lA326 = maximum 0.54;
- A370lA326 = maximum 0.14.

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 of pentaneR and dilute with
2-propanol Rl to a presumed concentration of 10 ill/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 326 X Vx 1900
lOOxm

A326 absorbance at 326 nm,
m mass of the substance to be examined, in grams,
V total volume to which the substance to be examined is diluted

to give 10 IU/mL to 15' ill/mL,
1900 factor to convert the specific absorbance of esters of retinol into

International Units per gI3IIl.

Natural Vitamin A Ester Concentrate 11-1279

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 states:
- the number of International Units per gram,
- the name of the ester or esters.

IMPURITIES

A. R = H, CO-CH3: kitols (Diels-Alder dimers of
vitamin A),

B. (3E,5E,7£)-3,7-dimethyl-9-[(1Z)-2,6,6-trimethylcyclohex
2-enylidene]nona-l,3,5,7-tetraene (anhydro-vitarnin A),

C. (3E,5E,7£)-3,7-dimethyl-9-[(1Z)-2,6,6.:.trimethylcyclohex
2-enylidene]nona-3,5,7 -trien-I-ol (retro-vitamin A),

D. oxidation products of vitamin A.
____________-'-- PhEur

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 ill of vitamin A and not less than 97.0% of the
number of ill of vitamin A stated on the label. It may
contain a suitable antioxidant or mixture of antioxidants.

CHARACTERISTICS
A yellow oil or a mixture ofoil and crystallinematerialwhich
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.

IDENTIFICATION
A. Dissolve a quantity containing 10 ill in a mixture of 100
parts of absolute ethanol and 1 part of hydrochloric acid.
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1830 ~
A32S COlT' x--X V

, 100m

The above expression can be used only ifA 325 has a value of
not greater than A325, corr /0.970 where A325, corr is the
corrected absorbance at 325 nm and is given by the equation:

A 325, corr = 6.815A325 - 2.555A 310 - 4.260A 334

where A designates the absorbance at the wavelength
indicated by the subscript.

If A325 has a value greater than A325, corr / 0.970, calculate
the content of vitamin A from the expression:

The assay is not valid unless:

(a) the wavelength of maximum absorption lies between
323 nm and 327 nm and

(b) the absorbance at 300 nm relative to that at 325 nm is at
most 0.73.

MethodB
Carry out the method for liquidchromatography,
Appendix III D, using the following solutions. Prepare
solution (I) as follows. To a quantity of the substance being
examined containing 50,000 ill in a round-bottomed flask,
add 5 mL of a freshly prepared 10% w/v solution of ascorbic

ASSAY
Carry out the test as rapidly as possible, avoiding exposure to
actinic light and air, oxidising agents, oxidation catalysts
(e.g. copper and iron) and acids.
Examine by ultraviolet absorption spectrophotometry,
Appendix II B (Method A). Ifmethod A is found not to be
valid, examine by liquid chromatography, Appendix III D
(Method B).

Method A
Test solution 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 of potassium 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
waterand 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 300 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 II B, of the solution at
300 nm, 310 nrn, 325 nm and 334 nm and at the
wavelength of maximum absorption with a suitable
spectrophotometer in l-cm specially matched cells, using
propan-2-ol as the compensation liquid.

Calculate the content of vitamin A, as all-trans-retinol, in ill
per gram from the expression:

absorbance at 325 nm,
mass of the substance to be examined in
grams,
total volume of solution containing 10 ill to
15 IU of vitamin A per mL,
conversion factor for the specific absorbance
of all-trans-retinol in IU.

1830
A32Sx--xV100m

v

1830

where A 325

m

The lightabsorption, 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 lightabsorption 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 ill 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 1 g in a boiling tube (20 em x 2.5 em) and dissolve in
20 mL of a mixture of 2 volumes of glacial acetic acidand
1 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 800 for 2 minutes, tighten the stopper
and cool rapidly. Transfer the contents to a flask containing
25 mL of a freshly prepared 1% w/v solution. of potassium
iodide, rinse the tube with a further 25 mL ofthe potassium
iodide solution, shake the combined solution and rinsings
and titrate with O.OIM sodium thiosulfate 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 chromatography,
Appendix III E, using a mixture of 70 volumes of 1,4-dioxan,
15 volumes of methanoland 15·volumes of water containing
1% w/v of but;ylated hydroxyanisole in the bottom of the tank
and as the mobile phase. Saturate the paper with a 10% w/v
solution of liquid paraffin in petroleum spirit (boiling range, 400

to 60°) and dry without the aid of heat. Apply separately to
the impregnated paper 5 J.1L and 10 ~ of each of the
following freshly prepared solutions. For solution (1) dissolve
sufficient of the concentrate in petroleum spirit (boiling range,
40° to 6fF) to yield a solution containing 16,150 to
17,850 ill per mL. For solution (2) mix a quantity of the
concentrate containing not less than 500 ill of vitamin A
and not more than 1 g of fat with 30 mL of absolute ethanol
and 3 mL of a 50% w/w solution of potassium hydroxide. Boil
gently under a reflux condenser in a current of oxygen-free
nitrogen for 30 minutes, cool rapidly and add 30 mL of
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 the 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 to about 5 mL and remove the
remaining solvent in a current of oxygen-free nitrogen without
the application of heat. Dissolve the residue in sufficient
petroleum spirit (boiling range~ 400 to 600) 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 (1) is
not more intense than that of the spot in the corresponding
chromatogram. obtained with solution (2).
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The chromatographic procedure may be carried out using
(a) a stainless steel column (25 cm x 4.6 rnm) packed with
octadecylsilyl silica gelfor chromatography (5 J.l111 to 10 urn),
(b) as mobile phase at a flow rate of 1 mL per minute a
mixture of 3 volumes of waterand 97 volumes of methanol,
(c) a detection wavelength of 325 nm, (d) a 10 ul, loop
injector and (e) an electronic integrator.

Inject in triplicate solution (1) and solution (3).
The retention time of all-trans-retinol is 5 minute ±
1 minute.

The assay is not valid unless (a) the chromatogram obtained
with solution '(1) shows a peak corresponding to that of all
trans-retinol in the chromatogram obtained with solution (3),
(b) when using the method of standard additions to solution
(1) there is greater than 95% recovery of the added retinyl
acetate 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:

acid and 10 mL of a freshly prepared 80% w/v solution of
potassium hydroxide and 100 mL of ethanol (96%). Boil under
a reflux condenser on a water bath for 15 minutes.
Add 100 mL of a 1% w/v 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% w/v solution of sodium chloride and then with 150 mL of a
mixture of equal volumes of petroleum spirit (boz7ing range, 40°
to 6fr) 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% w/v solution of
potassium hydroxide in a 10% v/v solution of ethanol (96%)
and then with three 50 mL quantities of a 1% w/v solution of
sodiumchloride. 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 underagentle current of nitrogen at a temperature
not exceeding 30°: ''l:;)issolve the residue in propan-2-ol,
transfer to a 25 triL'volumetric flask and dilute to 25 mL
withpropan-2-ol.-Gentle heating in an ultrasonic bath may be
required. For solution (2) prepare a solution of retinyl
acetate EPCRS in propan-2-ol Rl so that 1 mL contains about
1000 ill of all-trans-retinol.

The exact concentration of solution (2) is assessed by
ultraviolet absorption spectrophotometry, Appendix IT B.
Dilute solution (2) with propan-2-ol Rl to a presumed
concentration of 10 IV per mL to 15 ill per mL and
measure the absorbance at 326 nm in matched l-cm cells
using propan-2-ol Rl as the compensation liquid.

Calculate the content of vitamin A in IV per mL of solution
(2) from the following expression, taking into account the
assigned content of retinyl acetate EPCRS:

A 1900xV2
326 x IOOxVi

where A 325

V3

V4

1830

where Al

c

v
m

absorbance at 325 nrn,
volume of the diluted solution,
volume of solution (3) used,
conversion factor for the specific absorbance of
all-trans-retinol in ill.

CxV 1
A1 x - - x -

A2 m

area of the peak corresponding to all-trans
retinol in the chromatogram obtained with
solution (1),
area of the peak corresponding to all-trans
retinol in the chromatogram obtained with
solution (3),
concentration of retinylacetateEPCRS in
solution (2) as assessed prior to the
saponification in International Units per mL
(1000 ill per mL),
volume of solution (2) treated,
mass of the substance being examined in
solution (1).

absorbance at 326 nm,
volume of the diluted solution,
volume of solution (2) used,
conversion factor for the specific absorbance
of retinylacetate EPCRS in ill.

For solution (3) proceed as described for solution (1) 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 spectrophotometry, Appendix II B. Dilute
solution (3) with propan-2-ol Rl to a presumed concentration
of 10 ill per mL to 15 IV per mL of all-trans-retinol and
measure the absorbance at 325 nm in matched 1 cm cells
using propan-2-ol Rl as the compensation liquid.

Calculate the content of all-trans-retinol in IV per millilitre of
solution (3) from the expression:

STORAGE
Vitamin A Ester Concentrate (Natural) should be kept in an
airtight container, protected from light and stored at a
temperature of 8° 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 (1) the number of IV (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 crystallisation has occurred.
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PhEur _

Detection Spectrophotometer at 256 nm.

Injection 20 J.LL of the test solution and reference
solutions (b) and (c).

Run time 2.5 times the retention time of voriconazole.

Relativeretention With reference to voriconazole (retention
time =about 7 min): impurity D = about 1.5.

Systemsuitability Reference solution (b):
- resolution: minimum 4.0 between the peaks due to

voriconazole and impurity D.

Limit:
- impurity D: not more than the area of the principal peak

in the chromatogram obtained with reference solution (c)
(0.2 per cent).

ImpurityE
liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
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 voriconazole
impurityB CRS in 50 mL of methanol R and dilute to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 17 mg of sodium chloride R in
waterR and dilute to 200.0 mL with the same solvent.
Mix 1 mL of the solution, 1 mL of reference solution (a) and
25 mL of methanol R and dilute to 50.0 mL with the mobile
phase.

Reference solution (c) To 1.0 mL of reference solution (a)
add 25 mL of methanol R and dilute to 50.0 mL with the
mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 rom;
- stationary phase: strongly basic anion-exchange resin for

chromatography R (8.5 um);
- temperature: 40°C.

Mobt7e phase To 1500 mL of waterR add 500 mL of
methanol R, mix and degas; add about 175 J.LL of a 470 gIL
solution of sodium hydroxide R and mix.

Flow rate 1.0 mUmin.
Detection Conductivity detector; use a self-regenerating
anion suppressor.

Injection 20 J.LL of the test solution and reference
solutions (b) and (c).

Run time Twice the retention time of impurity E.

Relativeretention With reference to impurity E (retention
time = about 4 min): chloride = about 1.5.

System suitability:
- resolution: minimum 3.5 between the peaks due to

impurity E and chloride in the chromatogram obtained
with reference solution (b);

- symmetry factor. maximum 1.7 for the peak due to
impurity E in the chromatogram obtained with reference
solution (c).

Limit:
- impurity B: 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).

Testsolution (a) Dissolve 50.0 mg 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-Difluorophenyl)-3~(5-fluoropyrimidin-4-yl)-1
(1H-1,2,4-triazol-1-yl)butan-2-01.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very slightly soluble in water, freely soluble in acetone and in
methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison voriconazole CRS.
B. Enantiomeric purity (see Tests).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

Dissolve 0.5 g in a 103 gIL solution of hydrochloric acidRand
dilute to 20 mL with the same solution.

Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in 2 mL of acetonitrile R and dilute to 50.0 mL
with the mobile phase.

Reference solution (a) Dissolve 5.0 mg of ooriconazole
impurity 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 1 mL of reference
solution (a) and dilute to 50.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 rom;
- stationary phase: silica gelBefor chiral chromatography R

(5 urn);
- temperature: 30°C.

Mobile phase Mix 18 volumes of acetonitrile Rand
82 volumes of a 0.77 gIL solution of ammonium acetate R
previously adjusted to pH 5.0 with glacial acetic acidR.
Flow rate 1.0 mIJmin.

Action and use
Antifungal.

(Ph. Bur. monograph 2576)

Voriconazole
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Test solution (b) Dilute 5.0 mL of test solution (a) to
100.0 rnL with the mobile phase.

Reference solution (a) Dissolve 50.0 mg of voriconazole CRS
in the mobile phase, sonicating ifnecessary, and dilute to
100.0 rnL with the mobile phase. Mix well to ensure
complete dissolution. Dilute 5.0 mL of the solution to
100.0 rnL 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 stand for 30 min. Dilute
1.0 mL of the solution to 100.0 mL with the mobile phase
(in situ 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 mobile phase and mix well.

Reference solution (d) Dissolve 2 mg of voriconazole
impurity B CRS in the mobile phase and dilute to 200 mL
with the mobile phase. Dilute 1.0 mL of the solution to
10.0 mL with the m()bile phase.

c:E~

Column:--""
- size: 1=0.15 m;"J2) =3.9 mm;
- stationary phase/end-capped octadecylsilyl silica gelfor

chromatography'R(4 um);
- temperature: 35°C.

Mobilephase Mix 15 volumes of acetonitrile R, 30 volumes
of methanol Rand 55 volumes of a 1.90 gIL solution of
ammoniumformate R previously adjusted to pH 4.0 with
anhydrous formic acidR while stirring continuously.

Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 256 om.

Injection 20 JlL 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 peaks due to
impurities A andC; use the chromatogram obtained with
reference solution (d) to identify the peak due to impurity B.

Relative retention With 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 peaks due to

impurities A and C.

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 = 2.1; impurity C =0.7;

- impurities A, B, 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 impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.10 per cent);

- sum of impurities A, B, C, D, E and unspecified impurities:
maximum 0.5 per cent;

- disregard l£mit: 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 0.4 per cent, determined on 1.00 g.

Voriconazole 11-1283

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 IV/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 content of C16H14F3NsO from the
declared content of voriconazole CRS.

STORAGE
If the substance is sterile, store in a sterile, airtight, tamper
proof container.

IMPURITIES
Specified impurities A, B, 'C, D, E.

~
F I

F '

o

,.('N,

~JN

A. 1-(2,4-difluorophenyl)-2-(lH-1,2,4-triazol-l-yl)ethanvne,

F

and enantiomer

B. (2RS,3SR)-2-(2,4-difluorophenyl)-3-pyrimidin-4-yl-l-(lH
1,2,4-triazol-1-yl)butan-z-ol,

C. 4-ethyl-5-fluoropyrimidine,

D. (2S,3R)-2-(2,4-difluorophenyl)-3-(5-fluoropyrimidin-4-yl)
1-(lH-1,2,4-triazol-l-yl)butan-z-ol (voriconazole
enantiomer),
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PhEur _

____________________ PhEur

(ph. Bur. monograph 0698)

Testsolution Dissolve 40.0 mg of the substance to be
examined iri the solvent mixture and 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 rnL of methanol R and dilute to 100 mL with waterR.
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 10.0 rnL with the solvent mixture.

Column: ,
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: cyanoszlyl silica gelfor chromatography R

(5 J.UTI);
- temperature: 30 "C.

Mobile phase glacial acetic acidR, acetonitrile R, waterR
(1:25:75 VIVIV).

Flow rate 1.5 mL'min.

Detection Spectrophotometer at 260 nm.
Injection 20~.

Run time Twice the retention time of warfarin.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities Band C.
Relative retention With reference to warfarin (retention
time =about 9 min): impurity B =about 0.4;
impurity C = about 0.6.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities Band C.

Limits:
- correction 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 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 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).

Phenolic ketones
Dissolve 1.25 g in a 20 gIL solution of sodium hydroxide R
and dilute to 10.0 rnL 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-2-o1 (2.4.24~ System A)
Maximum 0.5 per cent.

Water (2.5.12)
Maximum 4.0 per cent, determined on 0.750 g.

ASSAY
Dissolve 0.100 gin 0.01 M sodium hydroxide and dilute to
100.0 rnL with the same solvent. Dilute 10.0 rnL of the
solution to 100.0 rnL with 0.01 M sodium hydroxide. Dilute
10.0 rnL 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 nm.

129-06-6

and enantiomer

and enantiomer

330.3

~
S03H

• 0
H

3C
~.

H3C ~--

H

E. [(IR,4S)-7,7-dimethyl-2-oxobicyclo[2.2.1]hept-l-yl]
methanesulfonic acid ((±)-10-camphorsulfonic acid).

Action and use
Vitamin K epoxide reductase inhibitor; oral anticoagulant
(coumarin) .

Preparations
Warfarin Oral Suspension

Warfarin Tablets

pH (2.2.3)
7.6 to 8.6.

Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmixture methanol R, waterR (25:75 VIV).

DEFINITION
Sodium 2-oxo-3-[ (1R5)-3-oxo-l-phenylbutyl]-2H-l
benzopyran-4-olate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white> hygroscopic, amorphous powder.

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

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison warfarin sodium CRS.
B. Propan-z-ol (see Tests).

e. 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,
Method II).

Dissolve 1.0 g in waterR and dilute to 20 mL with the same
solvent.

Warfarin Sodium
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o

Contelllt
- waifarill sodium: 98.0 per cent to 102.0 per cent

(anhydrous and propan-z-ol-free substance);
- proptlR-Z~l: 8.0 per cent to 8.5 percent,

CHARACTERS
Appeac:ance
White or almost white, hygroscopic, crystalline powder.

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

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison waifarin sodium clathrate CRS.
B. Propan-2~1 (see Tests).

C. It gives reaction (b) of sodium (2.3.1).

TESTS
ApPeamJI£e of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MeihodIl).

Dissolve 1.0 g in waterR and dilute to 20 mL with the same 
solvent.

pH (2.2.3)
7.6 to 8.6.

Dissolve 1.0 gin carbondioxide-free water R and dilute to
100 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture methanol R, waterR (25:75 VIV)o
Testsolurion Dissolve 40.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvem: mixture.

Reference so1ution (a) Dissolve 2 mg of 4-hydroxycouman"n R
(impurity B) and 2 mg of benzalacetone R (impurity C) in
25 mL ofmethanolR and dilute to 100 mL with waterR.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL,witb. the solvent mixture. Dilute 1.0 mL ofthis
solution to 10.0 mL with the solvent mixture.

Column:
- size:1= 0.25 m, 0 = 4.0 mm;
- stationazyphase: cyanosilyl silica gelfor chromatography R

(5 J1IIl);
- temperature: 30 "C.

Mobile phase glacial acetic acidR, acetonitrile R, waterR
(1:25:15 VIV/V).

Flow rare 1.5 mUmin.
Detection Spectrophotometer at 260 nm,

Injection 20,ll..
Run time Twice the retention time of warfarin.

Identification ofimpurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities B and e.

Relativeretention With reference to warfarin (retention
time = about 9 min): impurity B = about 0.4;
impurity C = about 0.6.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities Band e.

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

and enantiomer

and enantiomer

(Ph. Bur. monograph 0699)

Warfarin Sodium Clathrate

Action and use
Vitamin K epoxide reductase inhibitor; oral anticoagulant
(coumarin).

Preparation
Warfarin Tablets

____________________ PhEur

B. 4-hydroxy-2H-l-benzopyran-2-one (4-hydroxycoumarin),

(1(0yO

~
OH

A. ··(5KSy'::'3-(2-hydroxyphenyl)-5-phe_nylcyclohex-2-enone,

PhEur _

DEFINITION
Mixture, in the form of a clathrate, of warfarin sodium
(sodium 2-oxo-3-[( lRS)-3-oxo-l-phenylbutyl]-2H-l
benzopyran-d-olate) and propan-z-ol in molecular
proportions 2:1 (equivalent to about 92 per cent of warfarin
sodium).

Calculate the percentage content of e19HlsN"a04 taking the
specific absorbance to be 431.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B, C.
Other detectable 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 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 impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A.

C. (3E}-4-phenylbut-3-en-2-one (benzalacetone).
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_____________________ PhEur

PhEur _

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

Yeast extract
Proteose peptone
Casein hydrolysate
Glucose
Starch
Dipotassium hydrogen phosphate
Magnesium sulfate, anhydrous
Sodium pyruvate
Agar
Purified water

DEFINITION
Water for the preparation of medicines other than those that
are required to be both sterile and apyrogenic, unless
otherwise justified and authorised.

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 um, 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

C. (3E)-4-phenylbut-3-en-2-one (benzalacetone).

Purified Water
(Ph. Bur. monograph 0008)

H20 18.02

Adjust the pH so that after sterilisation it is 7.2 ± 0.2.
Sterilise by heating in an autoclave at 121°C for 15 min.

Growth promotion of R2A agar
- Preparation of teststrains. 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 bacterial strains separately as described in

andenantiomer

B..4-hydroxy-2H-1-benzopyran-2-one (4-hydroxycoumarin),

A. (5RS)- 3-(2-hydroxyphenyl)-5-phenylcyclohex-2-enone,

Limits:
- correction 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 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 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).

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-2-o1 (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 gin 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 nm.
Calculate the percentage content of warfarin sodium
(C19HlSNa04) taking the specific absorbance to be 431.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B~ C.
Otherdetectable impurities (the following substances taould, if
present at a sufficient leoel, be detected by oneorotherof the tests
in the monograph They are limitedby the general acceptance
criterion for other/unspecified imp";rities 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) A.

N.UOr0
~

OH

o
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Table 0008.-2. - Temperature and conductivit;y requirements

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
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.

PROCEDURE
Measure the conductivity without temperature compensation,
recording simultaneously the temperature. Temperature
compensated measurement may be performed after suitable
validation.

The water to be examined meets the requirements if the
measured conductivity at the recorded temperature is not
greater than the value in Table 0008.-2.

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
If purified water in bulk does not meet the requirement for
conductivity prescribed for Waterfor injections (0169) in bulk,
a risk assessment according to general chapter 5.20. Elemental
impurities 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
Maximum 0.2 ppm.

Place 5 mL in a test-tube immersed in iced water, add
0.4 mL of a 100 g/L solution of potassium chloride R, 0.1 mL
of diphenylamine solution Rand, dropwise with shaking, 5 mL
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 nitrate standard
solution (2 ppm NOJJ R.

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 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.

- Growth promotion. Test each batch of ready-prepared
medium 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 0008.-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
cOnWarable to that obtained with a previously tested and
approved .batchof medium.

Table 0008.-1. - Growth promotion of R2A agar

Micro- Preparation ofthe test
Growth promotion

organism str.ain

Pseudomonas Casein soyabean digest agar or R2A agar
aeruginosa casein soyabean digest broth :5 100 CFU
such as: 30-35°C 30-35°C
ATCC 9027 18-24 h :5 3 days
NCIMB 8626
CIP 82.118
NBRC 13275

Bacillus subr:ilis Casein soyabean digest agar or RZA agar
such as: casein soyabean digest broth :5 100 CFU
ATCC 6633 30-35°C 30-35°C
NCIMB 8054 18-24 h :53 days
CIP 52.62
NBRC 3134

Total organic carbon or oxidisable substances
Carry out the test for total organic carbon (2.2.44) with a
limit of 0.5 mg/L or alternatively the following test for
oxidisable substances: to 100 mL add 10 mL of dilute sulfuric
acid R and 0.1 mL of 0.02 M potassium permanganate and
boil for 5 min; the solution remains faintly pink.

Conductivity
Determine the conductivity off-line or in-line under the
following conditions.

EQUIPMENT
Conductivitycell:
- electrodes of a suitable material such as stainless steel;
- cell constant: the cell constant is generally certified by the

supplier and issubsequentIy verified at suitable intervals
using a certified reference solution with a conductivity less
than 1500 ~S·cm-lor 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.

Conductometer Accuracy of 0.1 ~S·cm~1 or better at the
lowest range.

System calibration (conductzfJit;y celland conductometer):
- against one or more suitable certified reference solutions;
- accuracy: within 3 per cent of the measured conductivity

plus 0.1 ~S·cm-I.

Temperature
CC)
o
10

20

25

30

40

50

60

70

75

80

90

100

Conductivity
(j.lS.cm-1)

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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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 acetate buffer solution pH 6.0 Rand 100 mL of
distilled waterR.

Reference solution Mix 2 mL of aluminium standard
solution (2 ppm Ai) R, 10 mL of acetate buffer solution
pH 6.0 R and 98 mL of distilled waterR.
Blank solution Mix 10 mL of acetate buffer solution pH 6.0 R
and 100 mL of distilled water R.

Bacterial endotoxins (2.6.14)
Less than 0.25 IU/mL, 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, that the 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 the required microbiological
quality. It is free from any added substances.

CHARACTERS·
Appearance
Clear and colourless liquid.

TESTS
It complies with the tests prescribed in the section on
Puri:fied water in bulk and with the following additional tests.

Acidity or alkalinity
To 10 mL, freshly boiled and cooled in a borosilicate glass
flask, add 0.05 mL of methylred solution R. The solution is
not coloured red.

To 10 mL add 0.1 mL of bromothymol blue solution Rl.
The solution is not coloured blue.

Oxidisable substances
To 100 mL add 10 mL of dilute sulfuric acidR and 0.1 mL
of 0.02 M potassium permanganate and boil for 5 min.
The solution remains faintly pink.

Chlorides
To 10 mL add 1 mL of dilute nitric acidR and 0.2 mL of
siloer 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 hydrochloric acidRand
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 tetraiodomercurate
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
adding 1 mL of alkaline potassium tetraiodomercurate solution R
to a mixture of 4 mL of ammonium standard solution (1 ppm
NH.,) Rand 16 mL of ammonium-free water R.

Calcium and magnesium
To 100 mL add 2 mL of ammoniumchloride buffer solution
pH 10.0 R, 50 mg of mordant black 11 triturate Rand 0.5 mL
of O. 01 M sodium edetate. A pure blue colour is produced.

2020

Residue on evaporation
Maximum 0.001 per cent.

Evaporate 100 mL to dryness on a water-bath and dry in an
oven at 100-105 DC. The residue weighs a maximum of
1 mg.

Microbial contamination
TAM.C: acceptance criterion 102 CPU/mL (2.6.12).
Use casein soya bean digest agar.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of dialysis solutions.
_____________________ PhEur

Water for Injections
(Ph. Bur. monograph 0169)

H20 18.02
PhEur -----'- _

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 dropletsj.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
electro-deionisation, ultrafiltration or nanofiltration, is
suitable. Notice is given to the supervisory authority of the
manufacturer before implementation.

For all 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.

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
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than 0.45 J.IlIl, 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

Micro-organism
Preparation of the

Growth promotion
test strain

Pseudomonas aeruginosa Casein soyabean R2A agar
such as: digest agar or casein s 100 CFU
ATCC 9027 soyabean digest broth 30-35°C
NCIMB 8626 30-35°C s 3 days
CIP 82.118 18-24 h
NBRC 13275

BaciOus subtilis Casein soyabean R2A agar
such as: digest agar or casein $100 CFU
ATCC 6633 soyabean digest broth 30-35°C

, NCIMB 8054 30-35°C s 3 days
CIP 52.62 18-24 h
NBRC 3134

Adjust the pH so that after sterilisation it is 7.2 ± 0.2.
Sterilise by heating in an autoclave at 121°C for 15 min.

Growth promotion of R2A agar
- Preparation of teststrains. Use standardised stable

suspensions of test strains or prepare them as stated in
Table "0169.-1. Seed lot culture maintenance techniques
(seed-lotsystems) 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~O 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 DC. As an alternative to
preparing and then diluting a fresh suspension of
vegetative cells of Bacillus subtilis, a sta1Jte, 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.

- Growth promotion. Test each batch of ready-prepared
medium 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 Cpu) 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.

Table 0169.-1. - Growthpromotion of R2A agar

Yeast extract
Proteose peptone
Casein hydrolysate
Glucose
Starch
Dipotassium hydrogen phosphate
Magnesium sulfate, anhydrous
Sodium pyruvate
Agar
Purified,water

0.5 g
0.5 g
05 g
0.5 g
0.5 g
0.3 g

0.024 g
0.3 g

15.0 g
to 1000 mL

Conductivity
Determine the conductivity off-line or in-line under the
following conditions.

EQUIPMENT
Conductivity cell:
- 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 IlS·cm-1 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.

Conduetometer Accuracy of 0.1 !-IS·cm-lor better at the
lowest range.

System calibration (conductivity cell and conductometer):
- against one or more suitable certified reference solutions;
- accuracy: within 3 per cent of the measured conductivity

plus 0.1 IlS·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
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.

PROCEDURE
Stage 1
1. 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 is not greater than the value
in Table 0169.-2, the water to be examined meets the
requirements of the test for conductivity. If the conductivity
is higher than the value in Table 0169.-2, proceed with
stage 2.

Stage2
4. Transfer a sufficient amount of the water to 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 IlS.cm-1 per
5 min, note the conductivity.
5. If the conductivity is not greater than 2.1 IlS.cm-1, the
water to be examined meets the requirements of the test for
conductivity. If the conductivity is greater than 2.1 IlS.cm-t,
proceed with stage 3.

Total organic carbon (2.2.44)
Maximum 0.5 mgIL.
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Table 0169.-2. - Stage 1 Temperature and conductivity
requirements (fornon-temperature-compensated. conductivity
measurements)

Temperature
eq
o
5

10

15

20

25

30

35

40

45

50

55

60

65
70

75

80

85

90

95

100

Conductivity
(JlS·cm-1)

0.6

0.8

0.9

1.0

1.1

1.3

1.4

15

1.7

1.8

1.9

2.1

2.2

2.4

25
2.7

2.7

2.7

2.7

2.9

3.1

Table 0169.-3. - Stage3 pH and conductivity requirements (for
atmosphere- and temperature-equilibrated samples)

pH Conductivity
(ll8.cm-1)

5.0 4.7

5.1 4.1

5.2 3.6

5.3 3.3

~4 3~

55 2.8

5.6 2.6

5.7 2.5

5.8 2.4

~9 ~4

~O 2A

6.1 2.4

6.2 2.5

6.3 2A

6.4 2.3

6.5 2.2

~6 ~1

6.7 2.6

6.8 3.1

6.9 3.8

~O 4~

Stage 3

6. Perfonnthis 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 to
the test sample (0.3 mL per 100 mL of the test sample), and
determine the pH (2.2.3) 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
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 waterRand 0.5 mL of nitrate standard
solution (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 the water to be examined
add 10 mL of acetate buffer solution pH 6.0 R and 100 mL of
distilled water R.

Reference solution Mix 2 mL of aluminium standard
solution (2 ppm AD R, 10 mL of acetate buffer solution
pH 6.0 R and 98 mL of distilled waterR.
Blank solution Mix 10 mL of acetate buffer solution pH 6.0 R
and 100 mL of distilled waterR.

Bacterial endotoxins (2.6.14)
Less than 0.25 IU/mL.

STERIUSED 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 the product still complies with the test for
bacterial endotoxins. Sterilised water for injections is free
from any added substances.

Examined in suitable conditions of visibility, it is clear and
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 of phenol redsolution R. If the
solution is yellow, it becomes red on the addition of 0.1 mL
of 0.01 M sodium hydroxide; if red, it becomes yellow on the
addition of 0.15 mL of 0.01 M hydrochloric acid.

Conductivity
Maximum 25 J.lS·cm-1 for containers with a nominal volume
of 10 mL or less; maximum 5 J.lS·cm-1 for containers with a
nominal volume greater than 10 mL.
Use equipment and the calibration procedure as defined
under Water for injections in bulk, maintaining the sample
temperature at 25 ± 1°C.

Oxidisab1e substances
For containers with a nominal volume less than 50 mL: heat
100 mL to boiling with 10 mL of dilute sulfuric acid R, add
0.4 mL of 0.02 M potassium permanganate and boil for 5 min;
the solution remains faintly pink.
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For containers with a nominal volume equal to or greater
than 50 mL: heat 100 mL to boiling with 10 mL of dilute
sulfuric acid R, add 0.2 mL of 0.02 M potassium permanganate
and boil for 5 min; the solution remains faintly pink.

Chlorides (2.4.4)
Maximum 0.5 ppm for containers with a nominal volume of
100 mL or less.

15 mL complies with the limit test for chlorides. Prepare me
standard using a mixture of 1.5 mL of chloride standard
solution (5 ppm Ct) R and 13.5 mLof water R. Examine the
solutions down the vertical axes of the tubes.

For containers with a nominal volume greater than 100 mL,
use the following test: to 10 mL add 1 mL of dilute nitric
acidRand 0.2 mL of St1ver nitratesolution 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 ofa 100 gIL solution ofpotassium chloride R, 0.1 mL
of diphenylamine solution Rand, dropwise with shaking, 5 mL
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 nitratestandard
solution (2 ppm N.03Y R.

Sulfates
To 10 mLadd 0.1 mL of dilute hydrochloric acidR and
0.1 mL of barium chloride solution Rl. The solution shows no
change in appearance for at least 1 h.

Aluminium (2.4.17)
Maximum 10 ppb, ifintended for use in the manufacture of
dialysis solutions.

Prescribed solution To 400 mL of the water to be examined
add 10 mL of acetatebuffersolution pH 6.0 R and 100 mL of
distt71ed waterR.
Reference solution Mix 2 mL of aluminium standard
solution (2 ppm At) R, 10 mL of acetate buffersolution
pH 6.0 R and 98 mL of distilled waterR.
Blank solution Mix 10 mL of acetate buffersolution pH 6.0 R
and 100 mL of distilled waterR.

Ainmonium
For containers with a nominal volume less than 50 mL:
maximum 0.6 ppm; for containers with a nominal volume
equal to or greater than 50 mL: maximum 0.2 ppm.

Containers with a nominal volume less than 50 mL: to
20 mL add 1 mL of alkalinepotassium tetraiodomercurate
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
adding 1 mL of alkalinepotassium tetraiodomercurate solution R
to a mixture of 4 mL of ammonium standardsolution (3 ppm
NH4J Rand 16 mL of ammonium-free water R.
Containers with a nominal volume equal to or greater than
50 mL: to 20 mL add 1 mL of alkalinepotassium
tetraiodomercurate 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 adding 1 mL of alkalinepotassium tetraiodomercurate
solution R to a mixture of 4 mL of ammonium standardsolution
(l ppm NH4J R and 16 mL of ammonium-free waterR.
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Calcium and magnesium
To 100 mL add 2 mL of ammonium chloride buffer solution
pH 10.0 R, 50 mg of mordantblack 11 triturate R and 0.5 mL
of 0.01 M sodium edetate. A pure blue colour is produced.

Residue on evaporation
Maximum 4 mg (0.004 per cent) for containers with a
nominal volume of 10 mL or less; maximum 3 mg
(0.003 per cent) for containers with a nominal volume
greater than 10 mL.

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 endotoxins (2.6.14)
Less than 0.25 IU/mL.
____________________ PhEur

Water for Preparation of Extracts
(Ph. Bur. monograph 2249)

PhEur _

DEFINITION
Water intended for the preparation of Herbal drug extracts
(0765) complies with the sections Purified water in bulk or
Purified water in containers in the monograph Purifiedwater
(0008), or is water intended for h~an consumption of a
quality equivalent to that defined in Directive 98/83/EC
which is monitored according to the Production section
described below.

PRODUCTION
When water intended for human consumption is used as
water for preparation of extracts it is a clear, colourless .
liquid. It is stored (where necessary) and distributed under
conditions designed 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 (2.2.38)
Maximum 2500 IlS.cm-1, measured at 20°C.

Nitrate
Liquid chromatography (2.2.29).

Testsolution The substance to be examined.

Reference solution Dissolve 0.163 g of potassium nitrateR and
0.149 g ofpotassium bromide 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 waterR.

Column:
- size: I = 0.25 m, 0 = 4 IDID;
- stationary phase: anion-exchange resin R3.

Mobile phase Dissolve 0.265 g of anhydrous sodium
carbonate R and 0.210 g of sodium hydrogen carbonate R in
waterR and dilute to 1000.0 mL with the same solvent.

Flow rate 1.2 mlJmin.

Detection Conductivity detector, using a self-regenerating
anion suppressor.

Injection 25 j.lL.
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Run time Twice the retention time of nitrate.

Relativeretention With reference to nitrate (retention
time =about 7 min): bromide =about 0.9.
System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

bromide and nitrate.
Limit:
- nitrate: 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 set" so as to detect adverse trends.

Under normal conditions, an appropriate action level is a
microbial count of 100 CPU/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 the
expected.result.

Casein soya bean digest agar

2020

Table 2249.-1. - Growth promotion of casein soya bean digest
agar

Micro-organism
Preparation of the

Growth promotion
test strain

Pseudomonas aeruginosa Casein soya bean Casein soya bean digest
such as: digest agar or casein agar
ATCC 9027 soya bean digest broth s 100 CFU
NCIMB 8626 30-35°C 30-35°C
CIP 82.118 18-24 h ~ 3 days
NBRC 13275

Bacillus subtilis Casein soya bean Casein soya bean digest
such as: digest agar or casein agar
ATCC 6633 soya bean digest broth s 100 CFU
NCIMB 8054 30-35°C 30-35°C
CIP 52.62 18-24 h s 3 days
NBRC 3134

_____________________ PhEur

Virgin Wheat-germ Oil

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 teststrains. Use standardised stable

suspensions of test strains or prepare them as stated in
Table 2249.-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 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 subtilis, a stable spore
suspension is prepared andthen 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.

- Grounn promotion. Test each batch of ready-prepared
medium and each batch 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 Cpu) 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.

Pancreatic digest of casein
Papaic digest of soya bean
Sodium chloride
Agar
Purified water

15.0 g
5.0 g
5.0 g

15.0 g
to 1000 mL

(Ph. Bur. monograph 1480)
PhEur _

DEFINITION
Fatty oil obtained from the germ of the grain of Triticum
aestivum L. by cold expression or other suitable mechanical
means.

CHARACTERS
Appearance
Clear, light yellow or golden-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
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 20.0.

Peroxide value (2.5.5~ MethodA)
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~ Method C)
Composition of thefatty-acidfraction of the ott:
- palmitic add: 14.0 per cent to 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,
- linolenic add: 3.0 per cent to 10.0 per cent,
- eicosenoic add: maximum 2.0 per cent.

Brassicasterol (2.4.23)
Maximum 0.3 per cent in the sterol fraction of the oil.
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Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In an airtight, well-filled container, protected from light.
____________________ PhEur

Refined Wheat-germ Oil
(ph. Bur. monograph 1379)
PhEur _

DEFINITION
Fatty oil obtained from the germ of the grain of Triticum
aestivumL. by cold expression or by other suitable
mechanical means and/or by extraction. It is then refined.
A suitable antioxidant may be added.

CHARACTERS
Appearance
Clear, light yellowliquid.

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
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 0.9, or maximum 0.3 if intended for use in the
manufacture of parenteral preparations.

Peroxide value (2.5.5, MethodA)
Maximum 10.0, or maximum 5.0 if intended for use in the
manufacture of parenteral preparations.

Unsaponifiable 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, Method C)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatty-acidfraction of the oil:
- palmiticacid: 14.0 per cent to 19.0 per cent;
- stearic acid: maximum 2.0 per cent;
- oleic acid: 12.0 per cent to 23.0 per cent;
- linoleic acid: 52.0 per cent to 59.0 per cent;
- linolenic acid: 3.0 per cent to 10.0 per cent;
- eicosenoic acid: maximum 2.0 per cent.

Brassicasterol (2.4.23)
Maximum 0.3 per cent in the sterol fraction of the oil.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In an airtight, well-filled container, protected from light.

Wool Alcohols 11-1293

LABELLING
The label states:
- 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.
____________________ PhEur

Wool Alcohols
Wool Wax Alcohols

(Ph. Bur. monograph 0593)

Preparation
Wool Alcohols Ointment
PhEur _

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.

Solubility
Practically insoluble in water, soluble in boiling anhydrous
ethanol and in methylene chloride, slightly soluble in ethanol
(90 per cent VIV).

IDENTIFICATION
Dissolve 50 mg in 5 mL of meth;ylene chloride R and add
1 mL of acetic anhydride Rand 0.1 mL of sulfuric acidR.
Within a few seconds, a green colour develops.

TESTS
Appearance of solution
To 1.0 g add 10 mL of lightpetroleum Rl and shake while
warming in a water-bath. 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 per cent VII:-? R
and add 0.5 mL of phenolphthalein solution Rl. No red colour
develops.

Melting point (2.2.15)
Minimum 56 -c.
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 be
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 to be examined and 9.4 g of
white softparaffin 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.
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Hydroxyl value (2.5.3, Method A)
120 to 180.

Peroxide value (2.5.5, Method A)
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 saturatedpotassium iodide solution R, cool the
solution obtained to room temperature.

Saponification value (2.5.6)
Maximum 12.0, determined on 10.00 g. Heat under reflux
for 4 h.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 2.000 gby drying in
an oven at 105°C.

Total ash (2.4.16)
. Maximum 0.1 per cent.

ASSAY
Gas chromatography (2.2.28). Homogenise the sample before
use.

Internal standardsolution Dissolve 0.125gofpregnenolone
isobutyrate CRS in heptaneR and dilute to 50.0 mL with the
same solvent.

Testsolution Dissolve 75.0 mg of the substance to be
examined in 10.0 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.

Inj'ectitm liner:
- packingmaterial: quartz wool;
- size: I =78.5 mm, 0 =4.0 mm.
Column:
- material: fused silica;
- size: I =30m, 0 =0.25 mm;
- stationary phase: poly(dz'methyl)siloxane R (film thickness

0.25 1Jl11).

Carnergas heliumfor chromatography R.
Flow rate 1 mlJrnin.
Split ratio 1:50.

Temperature:
- column: 275°C;
- injection port: 285°C;
- detector: 300 "C.

Detection Flame ionisation.

Injection 1~.

Relative retention With reference to pregnenolone isobutyrate
(retention time =about 8 min): cholesterol = about 1.2.

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 CRS.

STORAGE
In a well-filled container, protected from light.
____________________ PhEur
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Wool Fat
Anhydrous Lanolin

(ph. Bur. monograph 0134)
PhEur _

DEFINITION
Purified, anhydrous, waxy substance obtained from the wool
of sheep (OV£S aries). A suitable antioxidant may be added.

CHARACTERS
Appearance
Yellow, unctuous substance. When melted, it is a clear or
almost clear, yellow liquid. A solution in light petroleum is
opalescent.

Solubility
Practically insoluble in water, slightly soluble in boiling
anhydrous ethanol.

Characteristic odour.

IDENTIFICATION
A. In a test-tube, dissolve 0.5 gin 5 mL of methylene
chloride R and add 1 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 sulfuric acid R 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
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 bromothymol bluesolution RI. Not more than
0.2 mL of 0.02 M hydrochloric acidor 0.15 mL of 0.02 M
sodiumhydroxide is required to change the colour of the
indicator.

Water-absorption capacity
Place 109 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, lise a high-density polypropylene cylindrical rod
(120 nun long and 10 mm in diameter, for example).
The end-point is reached when visible droplets remain which
cannot be incorporated. Weigh the mortar again and
determine the amount of water absorbed by weight
difference. Not less than 20 mL of water R is absorbed.

Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g dissolved in 25 mL of
the prescribed mixture of solvents.

Peroxide value (2.5.5, Method A)
Maximum 20.

Before adding 0.5 mL of saturated potassium 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 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
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acidR and 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 must befreefrom grease Prepare
a column of anhydrous aluminium oxide 0.23 m long and
20 mm in diameter by adding a slurry of anhydrous
aluminiumoxide R and lightpetroleum Rl to a glass tube fitted
with 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
warm lightpetroleum Rl, cool, pass the solution through the
column at a flow rate of 3 mIJrnin and wash with 250 mL of
lightpetroleum Rl. Concentrate the combined eluate and
washings to low bulk by distillation, evaporate to dryness on
a water-bath and heat the residue at 105°C for periods of
10 min until 2 successive weighings do not differ by more
than 1 mg:;abe residue weighs a maximum of 30 mg.

Pestlcideresidues-
Maximum 0.05 ppmfor each organochlorine pesticide,
0.5 ppm for each other pesticide and 1 ppm for the sum of
all the pesticides.

AUglassware usedis thoroughly washed usingphosphate-free
detergent as follows. The glassware is immersed in a bath of
detergent solution (5 per cent in deionised water) and allowed to
soakfor 24 h. The detergent is washed off with copious amounts
ofacetone and hexane for pesticide analysis. It is important to
keepglassware specifically for pesticide analyses, it must not be
mixed up with glassware usedfor other applications. The glassware
usedmust befree of chlorinated solvents, plastics and rubber
materials, in particular phthalateplasticisers, oxygenated
compounds and nitrogenated solvents such as acetonitrile.
Use hexane, toluene and acetone forpesticide analysis. Use HPLC
grade reagents for ethyl acetate, cyclohexane and water.

The test consists of the isolation of pesticide residues by size
exclusion chromatography (2.2.30) followed by solid phase
extraction and identification by gas chromatography coupled
with an electron capture detector or a thermionic detector.

ISOUTION OF THE PESTICIDE RESIDUES

As detector, use a UV-visible spectrophotometer set at a
wavelength of 254 nm 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 g of maize oil R, 0.20 g of methoxychlor R
and 50.0 mg of perylene R. Dilute to 1000.0 mL with a
mixture of equal volumes of cyclohexane R and ethyl acetate R.

To calibrate the column, set the mobile phase at a flow rate
of 5 mUmin with a mixture of equal volumes of
cyclohexane R and ethyl acetate 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);

Wool Fat II-1295

- 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.

Testsolution In a volumetric flask, dissolve 1 g of the
substance to be examined, accurately weighed, in a mixture
of 1 volume of ethylacetate R and 7 volumes of cyclohexane R.
Add 1 mL of an internal standard (2 ppm, either isodrin R or
ditalimphos R) and dilute to 20 mL. The internal standard
solutions are used to establish that recoveries of thepesticides from
the GPC purification stage, evaporation and solidphase extraction
stage are at acceptable levels. Recovery levels of the internal
standard solutions from the woolfat are determined by comparing
the peak areas of the woolfat extracts with peak areas of solutions
of the internalstandards.

Precolumn:
- size: 1= 0.075 m, 0 = 21.2 mm;
- stationary phase: styrene-divinylbenzene copolymer R (5 um),

Gelpermeation column:
- size: 1= 0.3 m, 0 =21.2 mm;
- stationary phase: styrene-divinylbenzene copolymer R (5 urn),

Mob17e phase ethyl acetate R, cyclohexane R (10:70 VIV).
Flow rate 5 mUmin.
Detection Spectrophotometer at 254 nm.

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
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 muffle 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 100-105 °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
intermittently over 15 min just prior to use. The deactivated
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 and
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
dean-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.
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Table 0134.-1. - Composition of the referencesolutions

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 to 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
described below). The peaks can be identified by using the
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.

Condition the cartridge by adding 10 mL of toluene Rand
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 R and 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 autoevaporator and
evaporate the solid phase extraction fractions down to
0.5 mL. The water-bath temperature is set at 45°C and the
nitrogen pressure is 55 kPa.

Examine the residues by gas chromatography (2.2.28) using
electron capture and thermionic detectors as described
below. "

Recovery Calculate the recovery correction factor (ReV of
the internal standards (ditalimphos R or isodrin R) added to
the test solution using the following expression:

A 1 peak area of an internal standard 1 ppm in solution;
A2 peak area of internal standard extracted from the test solution.

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 of 70 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.

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.

IDENTIFICATION AND QUANTIFICATION OF THE PESTICIDE

RESIDUES

To identify any pesticide residues compare the
chromatograms obtained with chromatograms obtained with
reference solutions A to D.

Reference solution A
(0.5 ppm or 0.5 mglL)
(organochlorine 'and
synthetic pyrethroid
pesticides)
Cyhalothrin R
Cypennethrin R
o,p'-DDER
p,p'-DDE R
p,p'-DDTR
Deltamethrin R
EndrinR
Heptachlor R
Heptachlor epoxide R
Hexachlorobenzene R
LindaneR
Tecnazene R

Reference solution C
(0.5 ppm or 0.5 mgIL)
(organophosphorus
pesticides)

Bromophos-ethyl R
Carbophenothion R
Chlorfenvinphos R
DiazinonR
Dichlofenthio« R
EthionR
Fenchlorphos R
MalathionR
Propetamphos R

Reference solution E
(electron capture detector
calibration mixture)

AldrinR (0.01 mgIL)
Cypennethrin R (0.1 mg/L)
o,p'-DDD R (0.01 mgIL)
Deltamethrin R (0.1 mgIL)
EndrinR (0.01 mgIL)
P-Hexachlorocyclohexane R
(Om mgIL)

Reference solution G
(internal standard organo
phosphorus pesticide)

Ditalimphos R
(2 ppm or 2.0 mgIL)
Ditalimphos R
(l ppm or 1.0 mgIL)

Reference solution B
(0.5 ppm or 0.5 mglL)
(organochlorine and
synthetic pyrethroid
pesticides)
Aldrin R
o,p'-DDTR
o,p'-DDDR
p,p'-DDDR
DieldrinR
a.-Endosulfan R
fJ-Endosulfan R
Fenvalerate R
a-Hexachlorocydohexane R
fJ-Hexachlorocyclohexane R
lj-Hexachlorocyclohexane R
Methoxychlor R
Permethrin R

Reference solution D
(0.5 ppm or 0.5 mgIL)
(organophosphorus
pesticides)

Bromophos R
Chlorpyriphos R
Chlorpyriphos-methyl R
Coumaphos R
Phosalone R
Pirimiphos-ethyL R
Tetrachloroinphos R

Reference solution F
(thermionic detector
calibration mixture)

Chlorfenvinphos R
(0.05 mgIL)
DiazinonR (0.05 mgIL)
EthionR (0.05 mg/L)
Fenchlorphos R (0.05 mgIL)
Propetamphos R (0.05 mgIL)

Reference solution H
(internal standard organo
chlorine pesticide)

Isodrin R
(2 ppm or 2.0mgIL)
Isodrin R
(1 ppm or 1.0 mgIL)

www.webofpharma.com



2020 Wool Fat 11-1297

Table 0134.-2. - Elution order of thepesticides on
chromatographic systems A and B

Column:
- material: fused silica;
- size: 1=60 m, (2) =0.25 mm;
- stationary phase: poly(dimethyl) (diphenyl)siloxane R (film

thickness 0.25 JlIIl).

Carrier gas helium for chromatography R.

Linearvelocity 25 cm/s.

Pressure 180 kPa.

Temperature:

Detection Electron capture or thermionic specific detector.

Injection 2 J,LL.
Chromatographic system B Which may be used for
confirmation analysis:

Precolumn:
- material: deactivated silica;
- size: 1=4.5 m, (2) =0.53 mm.
Column:
- material: fused silica;
- size: 1= 60 m, (2) =0.25 mm;
- stationary phase: poly(cyanopropyl) (7) (phenyl) (7) (methyl)

(86)siloxane R (film thickness 0.25 1Jl11).

Carrier gas helium for chromatography,R.

Linearvelocity 25 cm/s.

Pressure 180 kPa.

Temperature:

. Chromatographic system A

Tecnazene
ce-Hexachlorocyclohexane
Hexachlorobenzene
~Hexachlorocyclohexane

Lindane
Propetamphos
0-Hexachlorocyclohexane
Diazinon
Dichlofenthion
Chlorpyriphos-methyl
Heptachlor
Fenchlorphos
Aldrin
Malathion
Chlorpyriphos
Bromophos
Pirimiphos-ethyl
Heptachlor epoxide
Chlorfenvinphos (E)
Chlorfenvinphos (Z)
Bromophos-ethyl
o,p'-DDE
e-Endosulfan
Tetrachlorvinphos
Dieldrin
p,p'-DDE
o,p'-DDT
Endrin
~Endosulfan

o,p'-DDD
p,p'-DDD
Ethion
Carbophenothion
p,p'-DDT
Methoxychlor
Phosalone
Cyhalothrin (2 isomers)
cis-Permethrin
trans-Permethrin
Coumaphos
Cypermethrin (4 isomers)
Fenvalerate (2 isomers)
Deltamethrin

Chromatographic system B

Tecnazene
Hexachlorobenzene
IX-Hexachlorocyclohexane
Diazinon
Lindane
Propetamphos
Heptachlor
Dichlofenthion
Aldrin
Chlorpyriphos-methyl
Fenchlorphos
~-Hexachlorocyclohexane
0-Hexachlorocyclohexane
Pirimiphos-ethyl
Chlorpyriphos
Bromophos
Malathion
Heptachlor epoxide
o,p'-DDE
Chlorfenvinphos (E)
IX-Endosulfan
Chlorfenvinphos (Z)
Bromophos-ethyl
p,p'-DDE
Dieldrin
Tetrachlorvinphos
o,p'-DDT
Endrin
o,p'-DDD
p,p'-DDD
~-Endosulfan

Ethion
p,p'-DDT
Carbophenothion
Methoxychlor
Cyhalothrin .
cis-Permethrin
Phosalone
trans-Permethrin
Cypermethrin (4 isomers)
Coumaphos
Fenvalerate (2 isomers)
Deltamethrin

Column

Injection port

Detector

Time
(min)

0-1

1-5
5 - 30

30 - 40

40 - 55

Temperature
CC)
75

75 175
175 275
275 285

285
300

350

Detection Electron capture or thermionic specific detector.

Injection 2 J,LL.
Chlorides
Maximum 150 ppm.

Boil 1.0 g with 20 mLof ethanol (90 percent VIV) R in a
round-bottomed flask fitted with a reflux condenser for
5 min. Cool, add 40 mL of water R and 0.5 mL of nitric
acid R and filter. To the filtrate add 0.15 mL of a 10 gIL
solution of silver nitrate R in ethanol (90 percent VIV) 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 gIL solution of silvernitrate R in ethanol
(90 per centVIV) R to a mixture of 0.2 mL of 0.02 M
hydrochloric acid, 20 mL of ethanol (90 percent VIlt) R,
40 mL of waterRand 0.5 mL of nitric acidR.

Once the pesticides have been identified, calculate the
content of each pesticide using the following expression:

Cp concentration of identified pesticide (ppm);
Pp peak area of the individual pesticide in the test sample obtained;
C; concentration of the individual pesticide in the external standard

(ppm);
Pe peak area of the individual pesticide in the external standard;
D dilution factor;
Rcr recovery correction factor.

The dilution factor (D) can be defined as follows:

VI volume of sample obtained after the 2nd evaporation stage;
m sample weight;
V2 GPC injection volume;
V3 sample volumetric flask volume.

Chromatographic system A:
Precolumn:
- material: deactivated silica;
- size: 1= 4.5 m, (2) = 0.53 mm.

Column

Injection port

Detector

Time
(min)

0-1

1 - 5

5 - 30

30 - 40

40 - 55

Temperature
CC)
75

75 175
175 275
275 285

285
300

350
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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 1 h.

Sulfated ash (2.4.14)
Maximum 0.15 per cent.

Ignite 5.0 g and use the residue to determine the sulfated
ash. v

STORAGE
At a temperature not exceeding 25 "C,

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for oneormore
functions of the substance whenusedas an excipient (see chapter
5.15). Some of the characteristics described in the Funaionality
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory qualifJI
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 qualifJI of a medicinal product by·improving the consistency
of the manufacturing process and thepeiformanceofthe medicinal
product duringuse. W7zere control methods are cited, they are
recognised as being suitable for the purpose, but othermethods can
also beused. W1zerever results for a particular characteristic are
reported, the control methodmust be indicated.
Thefollowing characteristics may be relevantfor woolfat usedin
water-emulsifying ointments and lipophilic 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 stand at
15-20 a C for 24.h. The drop point is typically 38 ae to
44 -c,
_____________________ PhEur

Hydrogenated Wool Fat
(Ph. Bur. monograph 0969)
PhEur _

DEFINITION
Mixture of higher aliphatic alcohols and sterols obtained
from the direct, high-pressure, high-temperature
hydrogenation of wool fat (0134) during which the esters and
acids present are reduced to the corresponding alcohols.
A suitable antioxidant may be added.

CHARACTERS
Appearance
White or pale yellow, unctuous substance.

Solubility
Practically insoluble in water, soluble in boiling anhydrous
ethanol and in light petroleum.

IDENfIFICATION
First identification: B.
Second identification: A, C.
A. Melting point (see Tests).

B. Examine the chromatograms obtained in the test for fatty
alcohols and sterols.
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Figure 0969.-1. - Chromatogram for the testforfatty alcohols and sterols in hydrogenated uiool fat: reference solution (a)
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_________________----:-__ PhEur

Detection Flame ionisation.

Injection 1 ut,

Results The chromatogram obtained with the test solution
does not differ significantly from the chromatogram obtained
with reference solution (a) (Figure 0969.-1) and it does not
show enhanced peaks with retention times corresponding to
cetyl alcohol and stearyl alcohol present in the chromatogram
obtained with reference 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 1 h.

Total ash (2.4.16)
Maximum 0.1 per cent" determined on 5.0 g.

STORAGE
In a well-filled container, protected from light.

Results The principal peaks in the chromatogram obtained
with the test solution are similar in retention time and size to
the principal peaks in the chromatogram obtained with
reference solution (a).

C. Dissolve 50 m.gin 5 IDLof methylene chloride R and add
1 mL of acetic anhydride R and 0.1 mL of sulfuric acidR.
A green colour 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, Method A)
140 to 180.

Saponification value (2.5.6)
Maximum 8.0. Heat under reflux for 4 h.

Fatty alcohols and sterols
Gas chromatography (2.2.28).

Test solu~:Dissolve 0.25 g of the substance to be
examined in 60 mL of anhydrous ethanol R and dilute to
100.0 mLwith the same solvent.

Reference solution (a) Dissolve 0.25 g of hydrogenated wool
fat CRS in' 60mL'of anhydrous ethanol R and dilute to
100.0 mL with the same solvent.

Reference solution (b) Dissolve 50 mg of cetyl alcohol CRS
and 50 mg of stearylalcohol CRS in 60 mL of anhydrous
ethanolR and dilute to 100.0 mL with the same solvent.

Column:
- material: fused silica;
- size: I =30 m, 0 = 0.25 nun;
- stationary phase: pohJ(dimethyl)siloxane R or another non-

polar phase (film thickness 0.25 urn).

Carrier gas helium for chromatography R.
Flow rate 1 mUmin.
Temperature:

Column

Injection port

Detector

rUDe
(min)

0-5

5 -45

45 -60

Temperature
Cq
100

100 -> 300

300

325

350

Hydrous Wool Fat
Lanolin

(Ph. Bur. monograph 0135)
PhEur _

DEFINITION
Mixture of 75 per cent m/m of wool fat and 25 per cent m/m
of water. It is obtained by the gradual addition of water to
melted wool 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 gin 5 mL of methylene
chloride R and add 1 mL of acetic anhydride Rand 0.1 mL of
sulfuric 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 alkafine substances
Melt 6.7 g on a water-bath and shake vigorously for 2 min
with 75 mL of waterR previously heated to 90-95 "C. Allow
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 bromothymol blue solution R1. Not more than
0.2 mL of 0.02 M hydrochloric acidor 0.15 mL of 0.02 M
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)
Maximum 0.8, determined on 5.0 g dissolved in 25 mL of
the prescribed mixture of solvents.

Peroxide value (2.5.5, MethodA)
Maximum 15.

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 0.1 mL of 0.02 M potassium permanganaie. After
10 min, the solution is not completely decolourised.

Paraffins
Maximum 1.0 per cent.

The tap and cotton plugsusedmust befree from grease Prepare
a column of anhydrous aluminium oxide 230 mm long and
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20 mm in diameter by adding a slurry of anhydrous
aluminium oxide R and lightpetroleum Rl to a glass tube fitted
with a tap and containing light petroleum Rl. 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 residue
obtained in the test for wool-fat content in SO mL of warm
lightpetroleum Rl, cool, pass the solution through the column
at a rate of 3 mIJmin and wash with 250 mL of light
petroleum Rl. Concentrate the combined eluate and washings
to low bulk by distillation, evaporate to dryness on a water
bath and heat the residue at 105 DC 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.

Chlorides
Maximum 115 ppm.

Boil 1.3 g with 20 mL of ethanol (90 per cent VIV,) R under a
reflux condenser for 5 min. Cool, add 40 mL of waterR and
0.5 mL of nitric acidR and filter. To the filtrate add 0.15 mL
of a 10-gIL solution of siloer nitrate R in ethanol
(90 per centVI}) R.Allow·to stand for 5 min,proteeted 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 gIL solution of silver nitrate R in ethanol
(90 per cent VI}) R to a mixture of 0.2 mL of 0.02 M
hydrochloric acid, 20 mL of ethanol (90 per cent VI}) R,
40 mL of waterR and 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.

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 DC.
____________________ PhEur

XanthanGum
(Ph. Bur. monograph 1277)

11138-66-2

Action and use
Excipient.

PhEur _

DEFINITION
High-molecular-mass anionic polysaccharide produced by
fermentation of carbohydrates with Xanthomonas campestris.
It consists of a principal chain of B(I-+4)-linked D-

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.

2020

Content
Minimum 1.5 per cent of pyruvate acetal groups (C3H 30 2;

M r 71.1) (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 flask, suspend 1 gin 15 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 barium hydroxide solution shows a white turbidity.

B. To 300 mL of waterR, previously heated to 80 DC and
stirredrapidly 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 beangum Rand 1.5 g of the substance to be
examined. Stir until the mixture forms a solution, and then
continue stirring for 30 min or longer. Do not allow the
water temperature to drop below 60 DC· during stirring.
Discontinue stirring and allow the mixture to stand for at
least 2 h. A finn rubbery gel forms after the temperature
drops below 40 DC 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).

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
paraffinR, stopper the flask and shake for-I 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 waterR.
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 1 mg/mL.
To 4.0 mL of this solution add 4.0 mL of the internal
standard solution and dilute to 100.0 mL with water R.

Column:
- size: l = 1.8 m, 0 = 4.0 mm;
- stationary phase: ethylvinylbenzene-divinylbenzene

copolymer R (149-177 J.lID.).

Carnergas helium for chromatography R.

Flow rate 30 mlJmin.
Temperature:
- column: 165 DC;
- injection port and detector: 200 DC.

Detection Flame ionisation.

Injection 5~.

Relativeretention With reference to 2-propanol: 2-methyl-2
propanol = about 1.5.

Limit:
---..,. 2-propanol: maximum 750 ppm.
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____________________ PhEur

PhEtr .".- _

(Ph. BUT. monograph 1381)

87-99-0152.1

OH

HO HO'jH C. OH

~~
HO H

Action and use
Sweetening agent.

Xylitol

The following characteristics may be relevant for xanthangum
usedas matrixformerin prolonged-release tablets.

VISCOSity
See test above.

Particle-size distribution (2.9.31 or 2.9.38)

Powder How (2.9.36)

DEFINITION
Meso-xylitol.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or crystals.

Solubility
Very soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B.
Secondidentification: A~ C.
A Melting point (2.2.14): 92°C to 96 DC.

B.lnfrared absorption spectrophotometry (2.2.24).

Preparation Mulls in liquidparaffinR.
Comparison xylitolCRS.

·C. Thin-layer chromatography (2.2.27).

Test solution 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 xylitol CRS in
mater R and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 25 mg of mannitol Rand
25 mg of xylitolR in waterR and dilute to 10 mL with the
same solvent.

Plate TLC silica gelplateR.
Mobilephase waterR, ethylacetate R, propanol R
(10:20:70 VIVIV).
Application 2 J,tL.
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, then heat at
100 °C for 15 min; allow to cool, spray with a 2 gIL solution

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.000 g by drying in
an oven at 105 DC for 2.5 h.

Total ash (2.4.16)
, 6.5 per cent to 16.0 per cent.

ASSAY
Testsolution Dissolve a quantity of the substance to be
examined corresponding to 120.0 mg of the dried substance
in water R and dilute to 20.0 mL with the same solvent.

Reference solution Dissolve 45.0 mg of pyruvic acidR in
water R 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 hydrochloric 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-hydrochloric solution R. Allow to stand
for 5 min and add ?O mL of ethylacetate R. Shake and allow
the solids to settle ..-Collect the upper layer and shake with
3 quantities, ea9~~q,1:§.0 mL, of sodium carbonate solution R.
Combine the aq~e9tls layers and dilute to 50.0 mL with
sodium carbonate solution R. Mix. Treat 10.0 mL of the
reference solutio~ ~i, 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 urn, 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 1.5 per cent.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section 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). Someof the characteristics described in the Functionality
related characteristics section may also bepresent 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 quality of a medicinal product by improving the consistency
of the manufacturing process and theperformance of the medicinal
product during use. Where control methods are cited, they are
recognised as being suitable for thepurpose, .but other methods can
also.beused. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.
Thefollowing characteristics may be relevant for xanthangum
usedas viscosity-increasing agent.

Viscosity
(2.2.10): typically minimum 600 mf'a-s.

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 waterR, 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 DC. Determine
the viscosity within 15 min at 24 ± 1 DC using a rotating
viscosimeter set at 60 r/min and equipped with a rotating
spindle 1.78 mm high and 12.60 mm in diameter which is
attached to a shaft 3.2 mm in diameter. The distance from
the top of the cylinder to the lower tip of the shaft should be
25.60 mm and the immersion depth 50.0 nun.
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- stationary phase: poly(cyanopropylphenyl) (14) (methyl) (86)
siloxane R (0.25 J.lI11).

Carrier gas nitrogen R.
Flow rate 1 mUmin.

Split ratio 1:50 to 1:100.

Temperature:

m, mass of the particular component in 1 mL of reference
solution (a), in milligrams;

mu mass of the substance to be examined in 1 mL of test
solution (a), in milligrams;

R, ratio of the area of the peak due to the particular derivatised
component to the area of the peak due to the derivatised
internal standard in the chromatogram obtained with reference
solution (a);

R,. ratio of the area of the peak due to the particular derivatised
component to the area of the peak due to the derivatised
internal standard in the chromatogram obtained with test
solution (a).

Detection Flame-ionisation.

Injection 1 ul, of test solution (a) and reference solution (a)
(solutions obtained after derivatisation).

Relative retention With reference toxylitol (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 B and D.

Calculate the percentage content of each related substance in
the substance to be examined using the following expression:

170

170 ~ 230

230

250

250

Temperature
CC)

Time
(min)

0-1

1 - 6

6 - 30

Injection port

Detector

Column

The stun of the percentage contents of the related substances
in the chromatogram obtained with test solution (a) is not
greater than 2.0 per cent. Disregard any peak with an area
corresponding to a percentage content of 0.05 per cent or
less.

Lead (2.4.10)
Maximum 0.5 ppm.

Dissolve the substance to be examined in 150.0 mL of the
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)
Maximum 1.0 per cent, determined on 1.00 g.

Bacterial endotoxins (2.6.14)
Less than 4 IU/g if the concentration is less than 100 gIL of
xylitol and less than 2.5 IU/g if the concentration is 100 gIL
or more of xylitol, when intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

of sodium periodate 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 to
the 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 BY7 (2.2.2~ MethodIf).
Dissolve 2.5 g in waterRand dilute to 50.0 mL with the
same solvent.

Conductivity (2.2.38)
Maximum 20 IlS.cm-1.

Dissolve 20.0 g in carbon dioxide-freewater R prepared from
distilled waterR 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, calculated as glucose equivalent.

Dissolve 5.0 gin 6 mL of waterR 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
boiling for 3 min. Cool rapidly and add 100 mL of a
2.4 per cent VIV solution of glacial 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 acidR and 94 volumes
of waterR and, when the precipitate has dissolved, titrate the
excess of iodine with 0.05 NI sodium thiosulfate using 1 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.

Related substances
Gas chromatography (2.2.28).

Internal standard solution Dissolve 5 mg of erythritol R in
waterR and dilute to 25.0 mL with the same solvent.

Testsolution (a) Dissolve 5.000 g of the substance to be
examined in waterR 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.
Reference solution (a) Dissolve 5.0 mg each of
L-arabinitol CRS (impurity A), galactitol CRS (impurity B),
mannitol CRS (impurity C) and sorbitol CRS (impurity D) in
water R and dilute to 20.0 mL with the same solvent.

Reference solution (b) Dissolve 50.0 mg of xylitolCRS in
water R and dilute to 10.0 mL with the same solvent.

Pipette 1.0 mL of test solutions (a) and (b) and reference
solutions (a) and (b) into 4 separate 100 mL round
bottomed flasks. Add 1.0 mL of the internal standard
solution to each of the flasks COntainingtest solution (a) or
reference solution (a), and 5.0 mL of the internal standard
solution to 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 1 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 mm;
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ASSAY
Gas chromatography (2.2.28) as described in the test for
related substances with the following modifications.

Injection 1 J,tL of test solution (b) and reference solution (b)
(solutions obtained after derivatisation).

Calculate the percentage content of CSH1ZOS using the
following expression:

Xylometazoline Hydrochloride
(ph. Bur. monograph 1162)

• Hel

PhEur _

DEFINITION
2-[4-(1,1-DimethylethyD-2,6-dimethylbe~~-4,5-dWhydro

1H-imidazole hydrochloride.

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, in ethanol (96 per cent) and in
methanol.

IDENfIFlCATION
First identification: A, B.

Second identification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison xylometazoline hydrochloride CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 20 mg of the substance to be
examined in methanol R and dilute to 5mL with the same
solvent.

Reference solution Dissolve 20 mg of xylometazoline
hydrochloride CRS in methanol R and dilute to 5 mL with the
same solvent.

Plate TLC silica gel G plateR.

Mobile phase concentrated ammonia R, methanol R
(5:100 VIV).

Application 5 ilL.
Development Over 2/3 of the plate.

Drying In air.

Chlorine treatment At the bottom of a chromatographic tank
place a beaker containing a mixture of 1 volume .of
hydrochloric acidR1, 1 volume of water Rand 2 volumes of a
15 gIL solution of potassium permanganate 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 the
chlorine vapour for 5 min. Withdraw the plate and place it in
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 solution R.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to

1218-35-5280.8

Action and use
Alpha-adrenoceptor agonist.

Preparation
Xylometazoline Nasal Drops

~
OH OH

H /
'.. "-OH

HO' .... H
HO H

HO

B. meso-galactitol,

D. D-glucitol (n-sorbitol),

C. D-mannitol,

OH

HO H~'pH C'OH

~~
HO H

_____________________ PhEur

A. L-arabinitol,

~
O H OH

H /

HO \ ~O \H .~~
HO

LABELLING
The label states:
- where applicable, the maximum concentration of bacterial

endotoxins;
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES

T declared percentage content of xylitol CRS;
m, mass of xylitol CRS in 1 mL of reference solution (b), in

milligrams;
m", mass of the substance to be examined in 1 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 derivatised internal standard in the
chromatogram obtained with reference solution (b);

R" ratio of the area of the peak due to derivatised xylitol to the
area of the peak due to the derivatised internal standard in the
chromatogram obtained with test solution (b).
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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
nitroprusside Rand 0.5 mL of a 20 gIL solution of
sodium hydroxide R. Allow to stand for 10 min and add 1 mL
of an 80 gIL solution of sodium hydrogen carbonate R. A violet
colour develops.

D. Dissolve 0.2 gin 1 mL of waterR, add 2.5 mL of ethanol
(96 per cent) Rand 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
thanreference solution Y6 (2.2.2, MethodII).
Dissolve 2.5 g in waterR and dilute to 50.0 mL with the
same solvent.

Acidity or alkalinity
Dissolve 0.25 gin earbon dioxide-free waterR and dilute to
25 mL with the same solvent. Add 0.1 mL of methylred
solution R and 0.1 mL of 0.01 M hydrochloric acid.
The solution is red. 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).

Testsolution Dissolve 50.0 mg of the substance to be
examined in 'water R 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 waterR.
Reference solution (b) Dissolve 5.0 mg of xylometazoline
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 rilL 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.
Column:
- size: 1=0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography with polarincorporated groups R (5 1J.IIl).

Mobilephase:
- mobile phaseA: 1.36 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acidR;
- mobile phase B: acetonitrile R1;

Time
(min)

0-5

5 -20

20 - 35

Mobile phase A
(per cent VIJ')

70

70 -+ 15

15

Mobile phase B
(per cent VIJ')

30

30 -+ 85

85

Relativeretention With reference to xylometazoline
(retention time = about 7.2 min): impurity A = abour-0.79.

System suitabt7ity Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity A and xylometazoline.

Limits:
- impurity A: not more 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 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 DC.

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

ASSAY
Dissolve 0.200 gin 25 mL of anhydrous acetic acid R and add
10 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 perchloric acidis equivalent to 28.08 mg
of C16HzsCINz.

STORAGE
Protected from light.

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 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 for pharmaceutical use) B, C, D, E, F.

A. N-(2-aminoethyl)-2-[4-(1,1-dimethylethyl)-2,6..,
dimethylphenyl] acetamide,

H3C~CH3CH
3

H3C I ~ ..
# CI

CH3

B. 2-(chloromethyl)-5-(1,1-dimethylethyl)-1,3
dimethylbenzene,

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 nm.
Injection 10 IlL.
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__________________-,--_ PhEur

D. 1-(1,l-dirnethylethyl)-3,5-dimethylbenzene,

(Ph. Bur. monograph 1278)

___________~ PhEur

Reference solution (aJ 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 ofjructoseR, 10 mg of
glucose R and 10 mg of xylose R in the solvent mixture and
dilute to 20 mL with the solvent mixture.

Plate TLC silica gelplate R.
Mobile phase water R, methanol R, anhydrous acetic acidR,
ethylene chloride R (10:15:25:50 VIVIVIV); measure the
volumes accurately since a slight excess of water produces
cloudiness.

Application 2~; thoroughly dry the points of application.

Development Over a path of 15 em.

Drying -In a current of warm air.

Detection Spray with a 5 gIL solution of thymolR in a
mixture of 5 volumes of sulfuric add R and 95 volumes of
ethanol (96 per cent) R. Heat in an oven at 130 °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 obtained with
reference solution (a).

C. Dissolve 0.1 gin 10 mL of waterR. Add 3 mL of cupri
tartaric solution R and heat. An orange or red precipitate is
formed.

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

Appearanceofswution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or alkalinity
To 50 mL of solution S add 0.3 mL of phenolphthalein
solution R1. The solution is colourless. Not more than
0.2 mL of 0.1 M sodium hydroxide is required to change the
colour of the indicator to pink.

Specific optical rotation (2.2.7)
+ 18.5 to + 19.5 (dried substance).

Dissolve 10.0 g in 80 mL of water R, add 1 mL of dilute
ammoniaR2 and dilute to 100.0 mL with waterR. Allow to
stand for 30 min.

Chlorides (2.4.4)
Maximum 330 ppm.

Dilute 1.5 mL of solution S 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 at a pressure not exceeding 0.7 kPa.

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

58-86-6150.1CSHlOOS
PhEur _

Xylose

_. HaC~CH3CHa
-HaC ~

- 1.# C02H

CH3

~O~OH
H6~

OH

DEFINITION
n-Xylopyranose.

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
needles.

Solubility
Freely soluble in water, soluble in hot ethanol (96 per cent).

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).

Solvent mixture waterR, methanolR (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.

H3C~CH3CH
3

HaC I ~
.# CN

CH3

E. ethane-Lz-diamine mono(4-methylbenzenesulfonate),

F. [4-(1, I-dimethylethyl)-2,6-dimethylphenyl] acetic acid.

C. [4-(1, I-dimethylethyl)-2,6-dimethylphenyl]acetonitrile,
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PhEur ----

Yohimbine Hydrochloride

DEFINITION
Methyl 17a.-hydroxyyohimban-16a.-carboxylate
hydrochloride.

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 yohimbinehuJdrochloride CRS.

B. It gives reaction (a) of chlorides (2.3.1).

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 to + 105.0 (dried substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions protected
from light.

Test solution Dissolve 10.0 mg of the substance to be
examined in methanolR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dissolve 5.0 mg ofyohimbine
hydrochloride CRS (containing impurities A, F and G) in
methanolR 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: oaylsilylsilica gelfor chromatography R

(4 !J.IIl);
- temperature: 40 "C.

Mobz7e phase Mix 50 mL of a 9.08 gIL solution of potassium
dihydrogen phosphate R, 100 mL of an 11.88 gIL solution of
disodium hydrogen phosphate dihydrate R, 285 mL of
acetonitrile R, 4.0 g of sodium laurilsulfate Rand 355 rnL of
waterR.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 229 nm.

Injection 10 ilL.
Run time 3 times the retention time of 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-to-valley ratio: minimum 1.3, 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 A; and minimum 1.3, 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 F.

Limits:
- sum of impurities A and G: not more than the area of the

principal peak in the chromatogram obtained with
reference solution (b) (1.0 per cent);

- impurity F: not more than 4 times the area of the principal
peak in the chromatogram obtained with reference
solution (c) (0.4 per cent);

- unspecified impurit.: 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).

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 C21H27CIN203 from the
declared content of yohimbine hydrochloride CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, F, G.
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 limitedby the general acceptance
criterion for other/unspecified impurities 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) B, C, D, E.

65-19-0390.9

(ph. Eur. monograph 2172)

Action and use
. Alpha2-adrenoceptor antagonist.
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A. methyl 17P-hydroxyyohimban-16cr-carboxylate
(P-yohimbine),

Zanamivir Hydrate
(Ph. Bur. monograph 2611)

HO~OHHO., -'H

H 0 C02H
H

HN I
H C---l H: " NH,

a \ HHN-{

NH

PhEur _

DEFINITION
(2R,3R,4s)-3-(Acetylamino)-4-carbamimidoylamino-2-
[(1R,2R)-1 ,2,3-trihydroxypropyl]-3,4-dihydro-2H-pyran-6
carboxylic acid.

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).

Comparison zanamioirhydrate CRS.

TESTS
Specific optical rotation (2.2.7)
+ 36.0 to + 38.5 (dried substance).

Dissolve 0.250 gin 25.0 mL of waterR; sonicate until
dissolution is complete.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 23.0 mg of the substance to be
examined in 20 mL of water R and dilute to 50.0 mL with
acetonitrile R1.
Testsolution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with the mobile phase.

Reference solution (a) Dissolve 23.0 mg of zanamivirfor
assay CRS in 20 mL of water R and dilute to 50.0 mL with
acetonitrile R1. Dilute 5.0 mL of the solution to 50.0 mL with
the mobile phase.

Reference solution (b) Dissolve 5 mg of zanamivirfor system
suitability CRS (containing impurities A, B, C and E) in
6 mL of waterR and dilute to 10.0 mL with acetonitrile R1.
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 mL with the mobile phase.

Reference solution (d) Dissolve 3.0 mg of zanamivir
impurityF CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase.

551942-41-7

Action and use
Neuraminidase inhibitor; treatment of influenza.

ClzHzoN"407,xHzO 332.3
(anhydrous substance)

D. methyl 17«-hydroxy-3p-yohimban-16cr-carboxylate
(pseudo-yohimbine),

o OCHg

E. methyl (2Z)-2-[(2S,3R,12bS)-3-ethyl-1,2,3,4,6,7,12,12b
oetahydroindolo[2,3-a] quinolizin-2-yl]-3-methoxyprop-2
enoate,

F. unknown structure,

G. unknown structure.

C. methyl 17cr-hydroxyyohimban-16~-carboxylate

(corynantheine),

-..
B. methyl 17cr-hydr~~-20cr-yohimban-16~-carboxylate

(ce-yohimbine),

____________________ PhEur
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Reference solution (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.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: amino alkyl vinyl polymer for

chromatography R (5 1JlI1);
- temperature: 30°C.

Mobile phase 0.7 gIL solution of sulfuric acidR previously
adjusted to pH 5.5 with dilute ammoniaRJ, acetonitrile Rl
(40:60 VIV)o

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 234 run.

Preconditioning of the column Prior to first use, rinse with a
0.7 gIL solution of ammonium sulfate R at 1.5 mUmin at
30°C for about 1 h; prior to each use, rinsewith the mobile

. phase for at least 8 h.

Injection 20 ~ 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 zanamivirfor system suitability CRS 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 zanamivir (retention
time =about 9 min): impurity F =about 0.3;
impurity B =about 0.6; impurity C =about 0.75;
impurity E = about 0.8; impurity A = about 2.6.

System suitability:
- signal-to-noise ratio: minimum 10 for the principal peak in

the chromatogram obtained with reference solution (e);
- peak-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
curve separating this peak from the peak due to
impurity C in the chromatogram obtained with reference
solution (b).

Calculation of percentage contents:
- for impurity F, use the concentration of impurity F in

reference solution (e);
- for impurities other than F, use the concentration of

zanamivir in reference solution (c).

Limits:
- impurity A: maximum 0.5 per cent;
- impurity B: maximum 0.3 per cent;
- impurity C: maximum 0.2 per cent;
- impurity F: maximum 0.01 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.2 per cent;
- reporting threshold: 0.05 per cent, except for impurity F.

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°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 (a).

2020

Calculate the percentage content of C12HzoN"407 taking into
account the assigned content of zanamivir for assay CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A" B" C" F.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficien: leoel, 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 pharmaceutical use'(2034). It is
therefore not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) D, E, H.

HO~H CH
3

HO.., "'H o=<
. H NH

H 0 C0 2H H'" H H
H ' ,,' OHI HN···· .... OH

HcI"3'.f \ HN--{ "Cfj0H;
'0 HHN-{ ° ~6H"'!;,

NH C0 2H

A. (2R,3R,4S)-3-(acetylamino)-4-[[[N-[(2R,3R,4S)-3
(acetylamino)-6-carboxy-2-[(lR,2R)-1,2,3
trihydroxypropyI] -3,4-dihydro-2H-pyran-4-yl]
carbamiInidoyl]carbamoyl]amino]-2-[(lR,2R)-1,2,3
trihydroxypropyl]-3,4-dihydro-2H-pyran-6-carboxylic acid,

B. unknown structure,

C. (2R,3R,4S)-3-(acetylamino)-4-amino-2-[(lR,2R)-1,2,3
trihydroxypropyl]-3,4-dihydro-2H-pyran-6-carboxylic acid,

HO~OHHO".. ····H

H 0 C02H
H

HN. I
H c-.J r{ .... NH2

3 \ HHN-{

°
1). (2R,3R,4~-3-(acetylamino)-4-(carbarnoylamino)-2

[(lR,2R)-1,2,3-trihydroxypropyl]-3,4-dihydro-2H-pyran-6
carboxylic acid,

HO~HHO.... ····H
H 0 C0 2H

H

HN. I NH2

H c-i Hi .... HN-{
3 \ H HN-\ NH

NH

E. (2R,3R,4S)-3-(acetylamino)-4
[(carbamiInidoylcarbamimidoyl)amino]-2-[(lR,2R)-1,2,3
trihydroxypropyl] -3,4-dihydro-2H-pyran-6-carboxylic acid,
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F. 1H-pyrazole-1-carboximidamide,

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 water R,
evaporate to dryness in a desiccator, under high vacuum over
diphosphorus pentoxide R and record new spectra using the
residues.

____________________ PhEur

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension I (2.2.1) and not more intensely coloured than
reference solution BYs (2.2.2, Method11).
Dissolve 0.5 g in 50 mL of waterR, heating if necessary.

Specific optical rotation (2.2.7)
+ 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).

Solvent mixture Mix 4 volumes of acetonitrile R, 20 volumes
of methanol R and 76 volumes of a 2 gIL solution of
ammonium acetate R previously adjusted to pH 6.8 with dilute
acetic acidR.
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.

Testsolution (b) Dilute 10.0 mL of test solution (a) to
50.0 mL with the solvent mixture.

Reference solution (a) Dissolve 2 mg of thymine R
(impurity C) and 2 mg of zidovudine £mpurity B CRS in the
solvent mixture and dilute to 50.0 mL with the solvent.
mixture. Dilute 1.0 mL of the solution to 20.0 mL with the
solvent mixture.

Reference solution (b) Dissolve 5 mg of zidooudine for system
suitabilisy CRS (containing impurities A, G and H) in
reference solution (a) and dilute to 5.0 mL with reference
solution (a).

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
solutionto 10.0 mL with the solvent mixture.

Reference solution (d) Dissolve 20.0 mg of zidovudine CRS in
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 1 mg of zidovudine
£mpuriry D CRS in a mixture of 4 volumes of acetonitrile R,
40 volumes of methanol Rand 56 volumes of a 2 gIL solution
of ammonium acetate R previously adjusted to pH 6.8 with
dilute acetic acidR and dilute to 50.0 mL with the same
mixture of solvents. Dilute 5.0 mL of the solution to
10.0 mL with the same mixture of solvents.

Column:
- size: l = 0.25 m, 0 = 4.6 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn),

Mobile phase:
- mobile phase A: 2 gIL solution of ammonium acetate R

previously adjusted to pH 6.8 with dilute acetic acidR;
- mobile phase B: acetonitrile R;

30516-87-1267.2

(ph. Bur. monograph 1059)

Action and use
Nucleoside reverse transcriptase inhibitor; antiviral (H[V).

Preparations
Zidovudine Capsules

Zidovudine Tablets

Zidovudine and Lamivudine Tablets

Zidovudine Infusion

Abacavir, Zidovudine and Lamivudine Tablets

PhEur _

HOt
H

HO<, ····HH 0 C02H
H

HN. I
H c-f Hi! NH2

3 \ H HN--<,
NH

Zidovudine

DEFINITION
1-(3-Azido-2,3-dideoxy-B-n-erythro-pentofuranosyl)-5
methylpyrimidine-2,4(lH,3H)-dione.

Content
97.0 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.

It shows polymorphism (5.9).

IDENITFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison zidouudine CRS.

H. (2R,3R,4R)-3-(acetylamino)-4-carbamimidoylamino-2-
[(1R,2R)-1,2,3-trihyclroxypropyl]-3,4-dihyclro-2H-pyran-6
carboxylic acid.
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Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIV)

0-3 95 5

3 - 18 95 ~ 85 5 ~ 15

18 - 28 85 ~ 30 15 ~ 70

28 - 43 30 70

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 265 run.

Injection 20!1L of test solution (a) and reference
solutions (b), (c) and (e).

Identification of impurities Use the chromatogram supplied
with zidovudinefor system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, G and H; use
the 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 C = about 0.2;
impurity A =about 0.5; impurity H =about 0.95;
impurity B = about 1.05; impurity G = about 1.5;
impurity D = about 2.0.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity H and zidovudine; minimum 2.0 between
the peaks d}le to zidovudine and impurity B,

Calculation of percentage contents:
- correction factor. multiply the peak area of impurity C

by 0,6;
- for each impurity, use the concentration of zidovudine

in reference solution (c).

Limits:
- impun'ty G: maximum 0.5 per cent;
- impurities A and C: for each impurity, maximum

0.15 per cent;
- 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 eluted after this
impurity.

B. Liquid chromatography (2.2.29).

Testsolution Dissolve 0.5 g of the substance to be examined
in 10 mL of acetonitrile Rl and dilute to 100.0 mL with the
mobile phase.

Reference solution (a) Dissolve 5.0 mg of zidovudine
impurity D CRS in acetonit.rile Rl and dilute to 10.0 mL with
the same solvent.

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 test solution.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn),

Mobile phase waterfor chromatography R, acetonitrile Rl
(30:70 VIV)o

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 210 run.

Injection 20!1L of the test solution and reference
solutions (b) and (c).

Run time 10 times the retention time of zidovudine.

2020

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity D.

Relative retention 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:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- reporting threshold: 0.05 per cent; disregard any peak

eluted before impurity D ..

Limit:
- totalfor tests A and B: 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)
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 (b) and reference solution (d).

Calculate the percentage content of CloH13Ns04 taking into
account the assigned content of zidovudine CRS.

STORAGE
Protected from light.

IMPURITIES
Test A for related substances: A, B, C, E, F, G, H.
Test B for related substances: D, J, K.
Specified impurities A} C, G.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level) be detected by one -or otherof 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 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} D} E} F} H} J} K

A. 1-[(2R,5S)-5-(hydroxymethyl)-2,5-dihydrofuran-2-yl]-5
methylpyrimidine-2,4(1H,3H)-dione,
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o
~CH3

HN .... __JHO O~N

~
CI

B. 1-(3-chloro-2,3-dideoxy-p-D-erythro-pentofuranosyl)-5
methylpyrimidine-2,4(IH,3H)-dione,

C. 5-methylpyrimidine-2,4(lH,3H)-dione (thymine),

D. triphenylmethanol,

Zinc Acetate 11-1311

J. 1-[3-azido-2,3-dideoxy-5-0-(triphenylmethylj-Ben-eycee
pentofuranosyl]-5-methylpyrimidine-2,4 (IH,3H)-dione
(trityl zidovudine),

K. I,I',I"-(methoxymethanetriyl)tribenzene (methyl trityl
ether).

___________________ PhEur

PhEur _

DEFINITION
Content
99.0 per cent to 101.0 per cent of C4H604Zn,2H 20.

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 (a) of acetates (2.3.1).

B. It gives the reaction of zinc (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distilled waterR and dilute to 100 mL with the same solvent.

Appearanceofswution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

pH (2.2.3)
5.8 to 7.0.

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

Reducing substances
Boil for 5 min a mixture of 10 mL of solution S, 90 mL of
waterR, 5 mL of dilute sulfuric acidR and 1.5 mL of a
0.3 gIL solution of potassium permanganate R. The pink
colour of the solution remains.

o
~CH3

HN .... __JHO\9
OH

E. 1-(2-deoxy-p-o-erythro-pentofuranosyl)-5
methylpyrimidine-2,4(IH,3H)-dione (thymidine),

o
~CH3

HN .... __JHOi:ti
~

F. 1-(2-deoxy-p-o-threo-pentofuranosyl)-5-methylpyrimidine
2,4(IH,3H)-dione,

G. 1-[ (2R,4S,5S) -4-azido-5-(hydroxymethyl)tetrahydrofuran
2-yl]-3-[(2S,3S,5R)-2-(hydroxymethyl)-5-(5-methyl-2,4
dioxo-3,4-dihydropyrimidin-1 (2H)-yl)tetrahydrofuran-3:
yl]-5-methylpyrimidine-2,4(IH,3H)-dione,

H. unknown structure,

Zinc Acetate
(Zinc Acetate Dihydrate, Ph. Bur. monograph 1482)

C,Jf604Zn,2H20 219.5

Action and use
Astringent.

Preparation
Erythromycin and Zinc Acetate Lotion

5970-45-6
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____________________ PhEur

(Ph. Bur. monograph 1279)

Zinc Acexamate

70020-71-2409.8Cl~2sNz06Zn

PhEur _

O~CH3 H3C~O
1 . 0 0 I
HN~o,zn'o~NH

Reference solutions Prepare the reference solutions using lead
standardsolution (0.1 percentPb) R, diluting with a 200 g/L
solution of cadmium- and lead-free nitric acidR.
Source Lead hollow-cathode lamp.

Wavelength 283.3 nm.
Atomisationdevice Air-acetylene flame.

ASSAY
Dissolve 0.200 gill 5 mL of dilute acetic acidR. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 21.95 mg
of C4H604Zn,2HzO.

STORAGE
In a non-metallic container.

DEFINITION
Zinc 6-(acetylamino)hexanoate.

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 acexamate CRS.
B. 5 mL of solution S (see Tests) gives the reaction of zinc
(2.3.1).

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, Method11).

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 the substance to be
examined in water R and dilute to 10 mL with the same
solvent.

Chlorides (2.4.4)
Maximum 50 ppm.

Dilute 10 mL of solution S with 15 mL of waterR.

Sulfates (2.4.13)
Maximum 100 ppm, determined on solution S.

Aluminium
Maximum 5 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

Testsolution Dissolve 2.50 g in 20 mL of a 200 gIL solution
of cadmium- and lead-free nitric acidR and dilute to 25.0 mL
with the same acid solution.

Reference solutions Prepare the reference solutions using
aluminium standard solution (200 ppm AD R, diluted.with a
200 g/L solution of cadmium-and lead-free nitric acidR.

Source Aluminium hollow-cathode lamp.

"Wavelength 309.3 run.

Atomisation device Air-acetylene or acetylene-nitrous oxide
flame.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 0.5 g.

Cadmium
Maximum 2 ppm.

Atomic absorption spectrometry (2.2.23, Method1).
Test solution Use the solution described in the test for
aluminium. ..

Reference solutions Prepare the reference solutions using
cadmium standard solution (0.1 per centCd) R, diluted with a
200 gIL solution of cadmium-and »ad-free nitricacidR.

Source Cadmium hollow-cathode lamp.

Wavelength 228.8 run.

Atomisation device Air-acetylene flame.

Copper
Maximum 50 ppm.

Atomic absorption spectrometry (2.2.23, Method1).
Test solution Use the solution described in the test for iron.

Reference solutions Prepare the reference solutions using
copper standard solution (10 ppm Cu) R, diluted with a
200 gIL solution of cadmium-and lead-free nitric acidR.
Source Copper hollow-cathode lamp.

Wavelength 324.8 run.

Atomisation device Air-acetylene flame.

Iron
Maximum 50 ppm.

Atomic absorption spectrometry (2.2.23, Method1).
Test solution Dissolve 1.25 g in 20 mL of a 200 gIL solution
of cadmium-and lead-free nitric add R and dilute to 25.0 mL
with the same acid solution.

Reference solutions Prepare the reference solutions using iron
standard solution (20 ppm Fe) R, diluted with a 200 gIL
solution of cadmium-and lead-free nitric acidR.
Source Iron hollow-cathode lamp.

Wavelength 248.3 run.

Atomisation device Air-acetylene flame.

Lead
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

Test solution Dissolve 5.00 gin 20 mL of a 200 gIL solution
of cadmium- and lead-free nitric add R and dilute to 25.0 mL
with the same acid solution.
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Reference solution Dissolve 15 mg of 6-aminohexanou: acidR
(impurity B) in waterR and dilute to 10 mL with the same
solvent. Dilute 1 mL of this solution to 10 mL with water R.
Plate TLC silica gelplateR.

Mobzle phase ammoniaR, water R, ethanol (96 per cent) R
(2:30:68 V/V/V).

Application 5~; allow to dry in air.

Development Over a path of 15 cm.

Drying In a current of warm air.

Detection Spray with ninhydrin 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).

Testsolution (a) Dissolve 0.50 g of the substance to be
examined in waterR and dilute to 100.0 mL with the same
solvent.

Testsolution (b) To 20.0 mL of test solution (a), add
20 mL of the mobile phase and 0.4 IDL of a 100 gIL solution
of phosphoric acid R, 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 same solvent.

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 100.0 mL with ..aterR.

Reference sYiution (c) Dissolve 20 mg of zinc acexamate
impurity A CRS in waterR and dilute to 50.0 mLwith the
same solvent.

Reference solution (d) Dissolve 40 mg of e-caprolactam R
(impurity D) in waterR and dilute to 100.0 mL with the
same solvent. Dilute 5.0 mL of this solution to 100.0 mL
with waterR.

Reference solution (e) To 20.0 mL of test solution (a), add
5.0 mL of reference solution (b), 5.0 mL of reference
solution (c), 5.0 mL of reference solution (d) and 0.4 mL of
a 100 gIL solution of phosphoric acidR, then dilute to
50.0 mL with the mobile phase.

Reference solution (j) To 5.0 mL of reference solution (c),
add 5.0 mL of reference solution (b), 5.0 mL of reference
solution (d) and 0.4 mL of a 100 gIL solution of phosphoric
acidR, then dilute to 50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 mID;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1JlI1).

Mobile phase Mix 0.2 volumes of phosphoric acidR,
8 volumes of acetonitrile R and 92 volumes of waterR, then
adjust to pH 4.5 with dilute ammonia Rl.
Flow rate 1.2 mlJmin.

Detection Spectrophotometer at 210 nm.

Injection 20 ul; of test solution (b) and reference
solutions (b), (e) and (t).

Run time 8 times the retention time of zinc acexamate.

Elutionorder Zinc acexamate, impurity D, impurity A,
impurity C.

Systemsuitabzlity Reference solution (e):

Zinc Acexamate II-1313

- resolution: minimum 3.0 between the peaks due to zinc
acexamate and impurity D; if necessary, adjust the mobile
phase to pH 4.7 with dilute ammonia Rl.

Limits:
- impurityA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (f) (2 per cent);

- impurities C, D: for each impurity, not more than
1.5 times the area of the corresponding peak in the
chromatogram obtained with reference solution (f)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the peak due to impurity C in the
chromatogram obtained with reference solution (t)
(0.05 per cent);

- sum of impurities other than A: not more than 5 times the
area of the peak due to impurity C in the chromatogram
obtained with reference solution (t) (0.5 per cent);

- disregard limit: 0.5 times the area of the peak due to
impurity C in the chromatogram obtained with reference
solution (t) (0.05 per cent).

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on. 0.5 g.

Cadmium
Maximum 2 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

Test solution Dissolve 2.50 gin 20 mL of a 200 gIL solution
of cadmium-and lead-free nitric acidR and dilute to 25.0 mL
with the same acid solution.

Reference solutions Prepare the reference solutions using
cadmiumstandard solution (0.1 per centCd) R, diluting with a
200 gIL solution of cadmium- and lead-free nitric acidR.

Source Cadmium hollow-cathode lamp.

Wavelength 228.8 nm.

Atomisation device Air-acetylene flame.

Iron
Maximum 50 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

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 acid solution.

Reference solutions Prepare the reference solutions using iron
standardsolution (20 ppm Fe) R, diluting with a 200 gIL
solution of cadmium- and lead-free nitric acidR.
Source Iron hollow-cathode lamp.

Wavelength 248.3 nm.

Atomisation device Air-acetylene flame.

Lead
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

Test solution Dissolve 5.00 gin 20 mL of a 200 gIL solution
of cadmium-and lead-free nitric acidR and dilute to 25.0 mL
with the same acid solution.

Reference solutions Prepare the reference solutions using lead
standardsolution (0.1 per centPb) R, diluting with a 200 gIL
solution of cadmium- and lead-free nitric acidR.

Source Lead hollow-cathode lamp.

Wavelength 283.3 nm.

Atomisation device Air-acetylene flame.
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Loss on~g (2.2.31)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 DC.

ASSAY
Dissolve 0.400 gin 10 mL of dilute acetic acidR. Carry out
the complexometric titration ofzinc (2.5.11). <:»

1 mL of 0.1 M sodium edetas« is equivalent to 40.98 mg
of C16HzsNz06Zn.

STORAGE
In a non-metallic container.

IMPURITIES
Specified impurities A, B, C, D.

o
HC)lN~~~C02H

3 H II
o

A. 6- [[6-(acetylamino)hexanoyl]amino]hexanoic acid,

H2N~C02H

B. 6-aminohexanoic acid (6-aminocaproic acid),

C. l-acetylhexahydro-2H-azepin-2-one (N-acetyl-g
caprolactam),

D. hexahydro-2H-azepin-2-one (a-caprolactam).
____________________ PhEur

Zinc Chloride

2020

TESTS
Solution S
To 2.0 g add 38 mL of carbon dioxide-free waterR prepared
from distilled water R and add dilute hydrochloric add R
dropwise until dissolution is complete. Dilute to 40 mL with
carbon dioxide-free waterR prepared from distilled waterR.

pH (2.2.3)
4.6 to 5.5.

Dissolve 1.0 gin 9 mL of carbon dioxide-free waterR, ignoring
any slight turbidity.

Oxychlorides
Dissolve 10.0 gin 10 mL of carbon dioxide-free water R.
The solution js not more opalescent than reference
suspension II (2.2.1). To 1.5 mL of the solution add 7.5 mL
of ethanol (96 percent) R. The solution may become cloudy
within 10 min. Any cloudiness disappears on the addition of
0.2 mL of dilute hydrochloric acid R.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15·mL with distilled waterR.
Prepare the standard using a mixture of 5 mL of sulfate
standard solution (10 ppm SO<tJ Rand 10mL of distilled
waterR.

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 1 mL of disodium hydrogen phosphate
solution R. The solution remains clear for at least 5 min.
Add 0.2 mL of sodium sulfide solution R. A white precipitate is
formed and the supernatant remains eelourless.

Ammonium (2.4.1)
Maximum 400 ppm.

Dilute 0.5 mL of solution S to 15 mL with waterR.

ASSAY
Dissolve 0.250 g in 5 mL of dilute acetic acidR. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 13.63 mg
of zeci;

STORAGE
In a non-metallic container.
____________________ PhEur

PhEur _

(Ph. Bur. monograph 0110)

zeci, 136.3 7646-85-7
Zinc Gluconate

DEFINITION
Content
95.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder or cast in white or
almost white 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 acid R and dilute to 10 mL
with the same acid. The solution gives reaction (a) of
chlorides (2.3.1).

B. 5 mL of solution S (see Tests) gives the reaction of zinc
(2.3.1).

(Ph. Bur. monograph 2164)

, xHzO

ClzHzzZn014,xHzO 455.7
(anhydroussubstance)

PhEur -.,..... _

DEFINITION
Anhydrous or hydrated zinc D-gluconate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).
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PhEur _

____________________ PhEur

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 gritty 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 waterR. The solution gives the reaction
of zinc (2.3.1).

TESTS
Alkalinity
Shake 1.0 g with 10 mL of boiling waterR. Add 0.1 mL of
phenolphthalein solution R and filter. If the filtrate is red, not

1314-13-2

Action and use
Mild astringent.

Preparations
Zinc Cream

Coal Tar and Zinc Ointment

Zinc Ointment

Zinc and Castor Oil Ointment

Compound Zinc Paste

Zinc and Salicylic Acid Paste

Zinc and Coal Tar Paste

(ph. Bur. monograph 0252)

ZnO 81.4

Zinc Oxide

Reference solutions Prepare the reference solutions using
cadmiumstandardsolution (0.1 per cent Cd) R, diluting with
deionised distilled waterR.

Source Cadmium hollow-eathode lamp.

Wavelength 228.8 nm.

Atomisationdevice Air-acetylene flame.

Water (2.5.32)
Maximum 12.0 per cent, determined on 80.0 mg.

Microbial contamination
TAMC: acceptance criterion 103 CFU/g (2.6.12).

TYMC: acceptance criterion 10z CFU/g (2.6.12).

ASSAY
Dissolve 0.400 gin 5 mL of dilute acetic acidR. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of 0.1M sodium edetate is equivalent to 45.57 mg
of ClzHzzZn014.

STORAGE
In a non-metallic, airtight container.

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Soluble in water, practically insoluble in anhydrous ethanol
and 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 waterR.

Reference solution Dissolve 20 mg of calcium gluconate CRS
in 1 mL of water R, heating if necessary in a water-bath at
60°C.
Plate TLC silica gelplate R (5-40 urn) [or TLC silica gel
plate R (2-10 Jll11)].

Mobilephase concentrated ammonia R, ethylacetate R,
water R, ethanol (96 per cent) R (10:10:30:50 VIVIVIV).

Application 1 ~,~~'

Development OY~r3/4 of the plate.

Drying At 100-1'05 °C for 20 min, then allow to cool to
room temperature:

Detection Spray with a solution containing 25 gIL of
ammonium molybdate 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 ferrocyanide solution R. A white precipitate is formed
that does not dissolve upon the addition of 5 mL of
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 waterR. Boil for 5 min, allow to cool, add
10 mL of sodium carbonate solution R and allow to stand for
10 min. Dilute to 25 mL with waterR and filter. To 5 mL of
the filtrate add 2 mL of cupri-tartaric 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 acidRand
90 mL of distilled waterR.

Cadmium
Maximum 2 ppm.

Atomic absorption spectrometry (2.2.23, MethodII).

Test solution Dissolve '5.00 g in 20 mL of deionised distilled
water R with the aid of ultrasound and dilute to 25.0 mL
with the same solvent.
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11-1316 Zinc Stearate

more than 0.3 ml,. of 0.1 M hydrochloric acid is required to
change the colour of the indicator.

Carbonates and substances insoluble in acids
Dissolve 1.0 g in 15 mL of dilute hydrochloric acidR.
It dissolves without effervescenceand the solution is not
more opalescent than reference suspension II (2.2.1) and is
colourless (2.2.2~Method II).

Arsenic (2.4.2~ MethodA)
Maximum 5 ppm, determined on 0.2 g.

Cadmium
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23~ Method II).
Testsolution Dissolve 2.0 gin 14 mL of a mixture of
equal volumes of waterR and cadmium-and lead-free nitric
acidR, boil for 1 min, cool and dilute to 100.0 mL with
waterR.
Reference solutions Prepare the reference solutions using
cadmium standard solution (0.1 per centCd) R and diluting
with a 3.5 per cent V/Vsolution of cadmium-and lead-free
nitric acidR.
Source Cadmium hollow-cathode lamp.

Wavelength 228.8 nm.

Atomisation device Air-acetylene or air-propane flame.

Iron (2.4.9)
Maximum 200 ppm.

Dissolve 50 mg in 1 mL of dilute hydrochloric acidRand
dilute to 10 mL with toaterR. Use in this test 0.5 mL of
thioglycollic acidR.

Lead
Maximum 50 ppm.

Atomic absorption spectrometry (2.2.23~ MethodlI).
Testsolution Dissolve 5.0 gin 24 mL of a mixture of
equal volumes of waterR and cadmium-and lead-free niiric
acidR, boil for 1 min, cool and dilute to 100.0 mL with
'water R.
Reference solutions Prepare the reference solutions using lead
standard solution (0.1 per centPb) R and diluting with a
3.5 per cent V/V solution of cadmium-and lead-free nitric
acidR.
Source Lead hollow-cathode lamp.

Wavelength 283.3 nm; 217.0 nm may be used depending
on the apparatus.

Atomisation 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 gin 10 mL of dilute acetic acidR. Carry out
the complexometric titration of zinc (2.5.11).

1 mL of 0.1 .NIsodium edetate is equivalent to 8.14 mg of
ZnO.
____________________ PhEur

2020

Zinc Stearate
(ph. Bur. monograph 0306)

557-05-1

Action and use
Excipient.

PhEur _

DEFlNITION
Zinc stearate [(C17H3SCOO)2Zn; M r 632] may contain
varying proportions of zinc palmitate [(ClsH31COO)2Zn;
M r 576.2] and zinc oleate [(C17H33COO)2Zn; Mr 628].

Content
10.0 per cent to 12.0 per cent of Zn.

CHARACTERS
Appearance
Light, white or almost white, amorphous powder, free from
gritty particles.

Solubility
Practically insoluble in water and in anhydrous ethanol.

IDENTIFICATION
A. Freezing point (2.2.18): 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 paper R with
strong sodium hydroxide solution R. The solution gives the
reaction of zinc (2.3.1).

TESTS
Solution S
To 5.0 g adtl50 mL of ether Rand 40 mL of a
7.5 per cent V/V solution of cadmium- and lead-free nitric
acid R in distilled water R. Heat under a reflux condenser until
dissolution is complete. Allow to cool. In a separating funnel,
separate the aqueous layer and shake the ether layer with
2 quantities, each of 4 mL, of distilled waterR. Combine the
aqueous layers, wash with 15 mL of ether R and heat on a
water-bath until ether is completely elimiriated; Allow to cool
and dilute to 50.0 mL with distilled waterR (solution S).
Evaporate the ether layer to dryness and dry the residue at
105°C.

Appearance of solution
Solution S is not more intensely coloured than reference
solution Y6 (2.2.2~ MethodII).

Appearance of solution of fatty acids
Dissolve 0.5 g of the residue obtained in the preparation of
solution S in 10 mL of chloroform R. The solution is clear
(2.2.1) and not more intensely coloured than reference
solution v, (2.2.2~ MethodII).

Acidity or alkalinity
Shake 1.0 g with 5 mL of ethanol (96 per cent) R and add
20 mL of carbon 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 colour of 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
solution S in 25 mL of the prescribed mixture of solvents.

Chlorides (2.4.4)
Maximum 250 ppm.
Dilute 2 mL of solution S to 15 mL with water R.
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Sulfates (2.4.13)
Maximum 0.6 per cent.

Dilute 1 mL of solution S to 50 mL with distilled waterR.
Dilute 12.5 mL of this solution to 15 mL With distilled
waterR.

Cadmium
Maximum 5 ppm.

Atomic absorption spectrometry (2.2.23, MetJwdIl).
Testsolution Dilute 20.0 mL of solution S to 50.0 mL with
a 3.5 per cent V/V solution ofcadmium-and lead-free nitric
acidR.
Reference solutions Prepare the reference solutions using
cadmium standard solution (0.1 per centCd) R and diluting
with a 3.5 per cent V/V solution of cadmium- and lead-free
nitric acidR.

Source Cadmium hollow-cathode lamp.

Wavelength 228.8 nm.
Atomisation device 'Air-acetylene or an air-propane flame.
Lead 'g'.,::"

Maximum 25 ppm.

Atomic absorption'spectrometry (2.4.23, MetJwd lI).

Testsolution Solution S.

Reference solutions "'Prepare the reference solutions using lead
standard solution (0.1 per centPb) R and diluting with a
3.5 per cent V/V solution of cadmium-and lead-free nitric
acidR.
Source Lead hollow-cathode lamp.

Wavelength 283.3 nm. Depending on the apparatus the line
at 217.0 nm may be used.

Atomisation device Air-acetylene flame.

ASSAY
To 1.000 g add 50 mL of dz1ute acetic acidR and boil for at
least 10 min or until the layer of fatty acids is clear, adding
more waterR as necessary to maintain the original volume.
Cool and filter. Wash the filter and the flask with waterR
until the washings are no longer acid to blue litmuspaperR.
Combine the filtrate and washings. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 6.54 mg of Zn.
_____________,....-- PhEur

Zinc Sulfate 11-1317

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless,
transparent crystals, effiorescent.

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 waterR and dilute to
50 mL with the same solvent.

Appearanceofswution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

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 thioglycollic acidR.

ASSAY
Dissolve 0.200 ginS mL of dilute acetic acidR. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 28.75 mg of
ZnS04,7HzO.

STORAGE
In a non-metallic, airtight container.
____________________ PhEur

Zinc Sulfate Hexahydrate

PhEur _

Zinc Sulfate Heptahydrate
(Ph. Bur. monograph 0111)

ZnS04,7HzO 287.5 7446-20-0

(Ph. Bur. monograph 1683)

ZnS04l6HzO 269.5

Action and use
Astringent.

13986-24-8

Action and use
Astringent.

Preparations
Zinc Sulfate Eye Drops

Zinc Sulfate Injection

Zinc Sulfate Lotion

PhEur _

DEFINITION
Content
99.0 per cent to 104.0 per cent.

DEFINITION
Content
99.0 per cent to 104.0 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder Qr colourless
transparent crystals, efflorescent.

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).
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11-1318 Zinc Sulfate

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 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)
4.4 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 thioglycollic add R.

ASSAY
Dissolve 0.200 gin 5 mL of dilute acetic acidR. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of0.1 M sodium edetate is equivalent to 26.95 mg of
ZnS04,6H20.

STORAGE
In a non-metallic, airtight container.
____________________ PhEur

2020

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2~ Method 11).

pH (2.2.3)
4.0 to 5.6 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 0.5 mL of thioglycollic acid R in this test.

ASSAY
Dissolve 0.160 ginS mL of dilute acetic add-R. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of 0.1 Msodium edetate is equivalent to 17.95 mg
of ZnS04,H20.

STORAGE
In a non-metallic container.
____________________ PhEur

Zinc Undecenoate
(Zinc Undercylenate, Ph. Eur. monograph 0539)

Zinc Sulfate Monohydrate
(ph. Bur.monograph 2159)

ZnSO~H20 179.5

431.9

Action and use
Used topically in treatment of fungal infections.

557-08-4

Action and use
Astringent.

Preparations
Zinc Sulfate Capsules

Zinc Sulfate Tablets

PhEur _

DEFINITION
Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
White or almost white, 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 waterR and dilute to
50 mL with the same solvent.

PhEur _

DEFINITION
Zinc di(undec-lO-enoate).

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, fine powder.

Solubility
Practically insoluble in water and in ethanol (96 per cent).

mp
116°C to 121°C, it may leave a slight solid residue.

IDENTIFICATION
A. To 2.5 g add 10 mL of waterRand 10 mL of dilute
sulfuric acidR. Shake with 2 quantities, each of 10 mL, of
ether R. Reserve the aqueous layer for identification test C.
Wash the combined ether layers with waterR 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 etherR. Shake with 3 quantities,
each of20 mL, of dilute hydrochloric acid R and then with
20 mL of water R. Evaporate the organic layer to dryness on
a water-bath. The residue, after recrystallisation twice from
ethanol (70 per cent V/V) 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 dilute sulfuric acidR
and 5 mL of glacial acetic acid R. Add dropwise 0.25 mL of
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2020 Ziprasidone Hydrochloride 11-1319

PhEur _

Action and use
Dopamine Dz receptor antagonist; serotonin SHYz receptor
antagonist; neuroleptic.

138982-67-9467.4

Ziprasidone Hydrochloride
Monohydrate
(Ph. Eur. monograph 2421)

DEFINITION
5-[2-[4-(1,2- Benzisothiazol-3-yl)piperazin-1-yl] ethyl] -6
chloro-I ,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).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ziprasidone hydrochloride monohydrate 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.

B. Suspend 30 mg in 2 mL of waterR, acidify with 0.15 mL
of dilute nitricacidR and filter. The clear filtrate gives
reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light and prepare thesolutions immediately before use.
SolventmixtureA waterR, methanol R (40:60 V/V).

SolventmixtureB hydrochloric acidR, waterR, methanol R
(0.04:20:80 V/V/V).

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.

Testsolution (b) Dissolve 23 mg of the substance to be
examined in solvent mixture B and dilute to 50.0 mL with
solvent mixture B.

Reference solution (a) Dissolve 2.5 mg of ziprasidone for
system suitability 1 CRS (containing impurities A, B and C) in
solvent mixture A and dilute to 10.0 mL with solvent
mixture A.

potassium permanganate solution R. The colour of 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 ethanol (96 percent) Rand 0.5 mL
of phenolredsolution R. Add 50 mL of carbon dioxide-free
waterR 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 waterR and 5 mL of hydrochloric
acidR and heat to boiling. Filter whilst hot. Wash the filter
and the residue with 25 mL of hot water R. 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 3(lmin. Filter and wash the precipitate with
2 quantities, each of 10 mL, of waterR. Combine the filtrate
and washings, evap-orate to dryness on a water-bath and
ignite. The residue weighs a maximum of 20 mg.

Sulfates (2.4.13)
Maximum 500 ppm.

To 0.1 g add a mixture of 2 mL of dilute hydrochloric acidR
and 10 mL of distilled waterR and heat to boiling. Cool, filter
and dilute to 15 mL with distilled waterR. Prepare the
standard using 5 mL of sulfate standard solution (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 by drying 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 R1, added towards the end of the
titration as indicator. Titrate with 0.0167M bromide-bromate
until the colour changes from blue to yellow. 9.1 mL to
9.4 mL of 0.0167 M bromide-bromate is required. Carry out a
blank titration.

ASSAY
To 0.350 g add 25 mL of dilute acetic acidR and heat to
boiling.. Carry out the complexometric titration of zinc
(2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 43.19 mg
of CZZH380~n.

STORAGE
Protected from light.
---'---' PhEur
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11-1320 Ziprasidone Hydrochloride

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
ziprasidone for system suizability 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 rom;
- stationary phase: spherical octylsilyl silica gelfor

chromatography R (5 J.lIIl);
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: mix 40 volumes of methanolR and

60 volumes of a 6.8 gIL solution ofpotassium
dihydrogen phosphate R previously adjusted to pH 2.5
with phosphoric acidR;

- mobile phaseB: methanolR;

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent VIV)

0-20 100 0

20 - 21 100 .... 0 0 .... 100

21 - 24 0 100

Flow rate 1.5 mIJrnin.
Detection Spectrop~lOtometer at 229 nm.

Injection 20 ilL of test solutions (a) and (b) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with ziprasidone for sy22llm suitability 1 CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, Band C.

Relativeretention With reference to ziprasidone (retention
time =about 7 min): impurity A =about 0.4;
impurity B = about 0.8; impurity C = about 0.9.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 1.2, where Hp = height

above the baseline of 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.

Limits:
- correction factor. for the calculation of content, multiply

the peak area of impurity A by 0.7;
- impurityB in test solution (b): not more than twice the

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

- impurityA in test solution (b): not more than 1.5 times
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.15 per cent);

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

- disregard limit in testsolution (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 peak with a retention
time greater than 20' min.

2020

B. Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: spherical octylsz1yl silica gelfor

chromatography R (5 J.lIIl);
- temperature: 35 "C.

Mobile phase Mix 5 volumes of methanolR, 40 volumes of a
6.8 gIL solution ofpotassium dihydrogen phosphate R adjusted
to pH 6.0 with a 280 gIL solution ofpotassium hydroxide R,
and 55 volumes of acetonitrile R1.

Flow rate 1.0 mIJrnin.
Detection Spectrophotometer at 229 nm.

Injection 20 ul, 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 suitability 2 CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities D and E.

Relativeretention With reference to ziprasidone (retention
time = about 4.5 min): impurity D = about 2.0;
impurity E = about 3.0.

System suitability Reference solution (c):
- resolution: minimum 6.0 between the peaks due to

ziprasidone and impurity D.

Limits:
- correction factors: for 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;

- 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
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.10 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 any peak
eluting before the peak due to ziprasidone.

Limit:
- totalfor tests A and B: maximum 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, detenninedon 1.0 g.

ASSAY
Liquid chromatography (2.2.29). Carry out the testprotected
from lightand prepare the solutions immediately before use.

Solvent mixture waterR, methanolR (40:60 V/V).

Test solution Dissolve 23.0 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.

Reference solution Dissolve 23.0 mg of ziprasidone
hydrochloride monohydrate 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: spherical octylsilyl silica gelfor

chromatography R (5 J.lID);
- temperature: 40 "C.
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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 phosphoric acidR.
Flow rate 1.5 mIJmin.
Detection Spectrophotometer at 229 DID.

Injection 20~.

Run time Twice the retention time of ziprasidone.

Retention time Ziprasidone = about 7 min.

System suitability Reference solution:
- symmetry factor. maximum 2.0 for the peakdue to

ziprasidone.

Calculate the percentage content of C21H22ClzN40S from
the declared content of ziprasidone hydrochloride
monohydrate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impuritZeY;~.A, B, C, D, E.

, ...,j ~

Ziprasidone Mesilate 11-1321

E. 3-(1,2-benzisothiazol- 3-yl)-5-[2-[4-(1,2-benzisothiazol-3
yl)piperazin-l-yl] ethyl]-6-chloro-l ,3-dihydro-2H-indol-2
one.

______________---' PhEur

Ziprasidone Mesilate Trihydrate
(ph. Bur. monograph 2649)

Action and use
Dopamine Dz receptor antagonist; serotonin 5HT2 receptor
antagonist; neuroleptic.

HN1Y)
~N -II

~\..
N-S

A. 3-piperazin-1-yl-1,2-benzisothiazole,

563.1 199191-69-0

B. 5- [2-[4-(1,2-benzisothiazol-3-yl)piperazin-1-yl]ethyl]-6
chloro-1H-indole-2,3-dione,

HO~C
H2N ~

I
~ Nl =-

CI ~N" 0(y
N-S

C. 2-[2-amino-5-[2-[4-(1,2-benzisothiazol-3-yl)piperazin-1-yl]
ethyIJ-4-chlorophenyl] acetic acid,

CI

D. 5,5'-bis[2-[4-(1,2-be~othiazol-3-yl)piperazin-1-yl]ethyl]
6,6'-dichloro-3-hydroxy-l,1',3,3'-tetrahydro-2H,2'H-3,3'
biindole-2,2'-dione,

PhEur _

DEFINITION
5-[2-[4-(1,2-Benzisothiazol-3-yl)piperazin-l-yl]ethyl]-6
chloro-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 are potential lmpuritiesin.ziprasidone mesilate
trihydrate. 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 methanesulfonic acid, 2.5.38. Methyl, ethyl
and isopropyl methanesulfonate in active substances and 2.5.39.
Methanesulfonyl chloride in methanesulfonic acidare available to
assist manufacturers.

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very slightly soluble in water, slightly soluble in methanol,
practically insoluble in acetonitrile.

It shows polymorphism (5.9) ~

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
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Comparison ziprasidone mesiiate trihydrate CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanolR, evaporate to dryness and
record new spectra using the residues.

Flow rate 1.0 mllmin.
Detection Spectrophotometer at 229 nm.

Injection 20 ul, of test solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with ziprasidone for systemsuitability 1 CRS 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): impurityB = about 0.8;
impurity C = about 0.9.

System suitability Referencesolution (b):
- peak-to-valley ratio: minimum 1.5, where Hp = height

above the baseline for the peak due to impurity C and

TESTS
Related substances
Carry out the tests protectedfrom light and prepare the solutions
immediately before use.

A. Liquid chromatography (2.2.29).

Solvent mixture hydrochloric acid R, waterfor
chromatography R, methanolR (0.04:40:60 V/V/V).

Test solution (a) Dissolve 27.0 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.

Test solution (b) Dilute 2.0 mL of test solution (a) to
20.0 rnL with the solvent mixture.

Reference solution (a) Dissolve 27.0 mg ofziprasidone
hydrochloride monohydrate CRS in 35 rnL of the. solvent
mixture, sonicate for about 2 min and shake. Dilute to
50.0 rnL with the solvent mixture. Dilute 2.0 mL of the
solution to 20.0 mL with the solvent mixture.

Reference solution (b) Dissolve 2.5 mg of ziprasidone for
system suitabilziy 1 CRS (containing impurities B and C) in a
mixture of 40 volumes of water Rand 60 volumes of
methanolR and dilute to 10.0 mL with the same mixture of
solvents.

Reference solution (c) Dilute 1.0 rnL 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.

Column:
- size: 1=0.15 m, 0 =3.9 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 J.lIIl);
- temperature: 40 QC.

Mobilephase:
- mobile phase A: mix 40 volumes of methanol Rand

60 volumes of a 6.8 gIL solution of potassium
dihydrogen phosphate R previously adjusted to pH 3.0
with phosphoric acidR;

- mobile phase B: methanolR;

Time
(min)

0-40

40 - 41

41 - 50

Mobile phase A
(per cent VIJI)

100

100 -> 0

o

Mobile phase B
(per cent VIJI)

o
o~ 100

100

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 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
ziprasidone.

Calculation of percentage contents:
- for each impurity, use the concentration of ziprasidone

in reference solution (c).

Limits:
- impurityB: maximum 0.15 per cent;
- unspecified impurities: 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.

E. Liquid chromatography (2.2.29).

Solventmixture hydrochloric acidR, waterfor
chromatography R, methanol R (0.04:20:80 V/V/V).

Testsolution Dissolve 27 rng 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 solution (a) Dissolve the contents of a vial of
ziprasidone for system suitability 2 CRS (containing impurities
D and E) in 1.0 mL of 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 rnL of this
solution to 10.0 mL with the solvent mixture.

Column:
- size: l =0.15 m, (2) = 3.9 mID;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 35 DC.

Mobile phase Mix 8 volumes of methanol R, 42 volumes of
acetonitrile Rand 50 volumes of a solution prepared as
follows: dissolve 3.4 g of potassium dihydrogen phosphate Rand
21.6 g of sodium octanesulfonaie R in 900 ml, of water R,
adjust to pH 3.0 with phosphoric acidR and dilute to
1000 mL with waterR.

Flow rate 1.0 mL/min.

Detection Spectrophotometer at 229 nm.

Injection 20~.

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 to
impurities D and E.

Relative retention With reference to ziprasidone (retention
time =about 3 min): impurity E = about 2.6;
impurity D = about 7.8.

Systemsuitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurities E and D.

Calculation of percentage contents:
~ for each impurity, use the concentration of ziprasidone

in reference solution (b).

Limits:
- impurityD: maximum 0.15 per cent;
~ unspecified 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.
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Limit:
- totalfor tests A and B: maximum 0.2 per cent.

Water (2.5.12)
8.5 per cent to 10.1 per cent, determined on O.OSO g.

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

Bacterial endotoxins (2.6.14)
Less than 17.5 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 test A for
related substances with the following modifications.

Injection 20 ll1. of test solution (b) and reference
solution (a).

System suitability Reference solution (a):
- symmetry factor. maximum 1.7 for the peak due to

ziprasidone.

Calculate the percentage content of CzzHzsCIN404Sz taking
into account theassigned content of ziprasidone hydrochloride
monohydrate CRS~d a conversion factor of 1.133.

STORAGE
Protected from light, If the substance is sterile, store in a
sterile, airtight, tamper-proof container.

IMPURITIES "
Test A for related substances
A, B, C.

Test B for related substances
D,E.
Specified impurities B~ D.
Other detectable impurities (thefollowing substances uiould, if
present at a sufficient leuel, bedetected by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or bythe 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) A~ C~ E.

C. 2- [2-amino-5-[2-[4-(1,2-benzisothiazol-'3-yl)piperazin-l-yl]
ethyl]-4-chlorophenyl] acetic acid,

CI

D. S,S'-bis[2-[4-(1,2-benzisothiazol-3-yl)piperazin-l-yl] ethyl]
6,6'-dichloro-3-hydroxy-I,I',3,3'-tetrahydro-2H,2'H-3,3'
biindole-2,2'-dione,

E. 3-(1,2-benzisothiazol-3-yl)-S-[2-[4-(l,2-benzisothiazol-3
yl)piperazin-I-yl] ethyl]-6-chloro-l,3-dihydro-2H-indol-2
one.

____________________ PhEur

Zoledronic Acid Monohydrate

A. 3-piperazin-I-yl-I,2-benzisothiazole,
(Ph. Eur. monograph 2743)

PhEur _

Action and use
Bisphosphonate; treatment of osteolytic lesions,
hypercalcaemia.

165800-06-6

B. S-[2-[4-(1,2-benzisothiazol-3-yl)piperazin-I-yl]ethyl]-6
chloro-IH-indole-2,3-dione,

DEFINITION
[1-Hydroxy-2~(lH-llrlldazol-l-yl)ethane-I,1-diy~

bis(phosphonic acid) monohydrate.

Content
99.0 per cent to 102.0 per cent (anhydrous substance).
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Flowrate 1.0 mUmin.
Detection "Conductivity detector.

Injection 20 J,LL.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities E and F; use the chromatogram obtained with

Identification ofimpurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A and B and the nitrate ion.

Relativeretention With reference to zoledronic acid
(retention time =about 6 min): nitrate = about 0.6;
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 zoledronic acid; minimum 1.5 between
the peaks due to the nitrate ion and impurity B.

Calculation ofpercentage 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:
- impurityB: 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 be
examined in mobile phase B, 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 Rand 79.0 mg of phosphorous acidR
(impurity E) in waterR and dilute to 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 mL with 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 phase B.

Reference solution (d) Dilute 0.1 mL of reference solution (a)
to 100.0 mL with mobile phase B.

Precolumn:
- size: 1= 0.05 m, 0 = 4.0 mm;
- stationary phase: anion-exchange resin R (13 um),

Column:
- size: I = 0.25 m, 0 =4.0 mm;
- stationary phase: anion-exchange resin R (9 urn);
- temperature: 30 "C.

Mobzle phase:
- mobile phase A: carbon dioxide-free waterR;
- mobile phaseB: 4.0 giL solution of sodium hydroxide R in

carbon dioxide-free waterR;

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
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
than reference solution B7 or BY7 (2.2.2, Method11).
Dissolve 0.5 g in a 4 gIL solution of sodium hydroxide Rand

< dilute to 50.0 mL with the same solution.

pH (2.2.3)
1.8 to 2.8.

Dissolve 0.150 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent. Sonicate for 10 min, if
necessary.

Related substances
Liquid chromatography (2.2.29).

Solution A Dissolve 10.8 g of sodium octanesulfonate R and
37 mg of sodium edetate R in waterfor chromatography R, add
10 mL of perchloric add R and 2 mL of phosphoric add R and
dilute to 1000 mL with waterfor chromatography R.

Testsolution Dissolve 40 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 zoledronic add
impurity A CRS, 5 mg of zoledronic add impurz'ty B CRS and
2 mg of sodium nitrate R in the mobile phase and dilute to
50.0 mL with the mobile phase. To 1.0 mL of the solution
add 7.0 mL of the mobile phase and dilute to 20.0 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.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: end-capped phenylhexylsilyl silica gelfor

chromatography R (5 J.lID.);
- temperature: 20 "C.

Mobue phase acetonitrile R1, solution A (4:96 VIV).
Flow rate 0.6 mlJmin.

Detection Spectrophotometer at 215 nm.

Preconditioning Precondition the instrument and the column
once before each series of injections as follows:
- instrument: rinse the instrument without a column with a

25 per cent V/V solution of acetic add R at 5 mUmin for
about 20 min. Then, rinse with waterfor chromatography R
at 5 mUmin for about 2 h;

- column: rinse the column with the mobile phase at
0.6 mUmin for about 1 h. During the rinsing, inject the
test solution 15 times, applying a run time of about 3 min
for each injection.

Injection 10~.

Run time 5 times the retention time of zoledronic acid.

Time
(min)

0-13

13 -17

17 - 29

Mobile phase A
(per cent VIV)

80 -+ 70

70 -+ 60

60

Mobile phase B
(per cent VIJI)

20 -+ 30

30 -+ 40

40
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PhEur _

____________________ PhEur

139264-17-8287.4

o

o~ANHp7 ~
: ~ I J
H

N-CH3

H3C

Zolmitriptan

o
II

HO-P-OH
I

OH

o
II

HO--~'OH

(Ph. Eur. monograph 2737)

F. phosphoric acid.

Action and use
Serotonin 5HTI receptor agonist; treatment of migraine.

E. phosphonic acid (phosphorous acid),

DEFINITION
(4S)-4- [[3- [2-(Dimethylamino)ethyl]-IH-indol-5-yl]methyl]
1,3-oxazolidin-2-one.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Slightly soluble or very slightly soluble in water, freely soluble
in methanol, sparingly soluble in acetone.

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison zolmitriptan CRS.

TESTS
Enantiomeric purity
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 (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 zolmitriptan
impurityA 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.

HO" *0 0,:> pH
HO-P (=\ P-OH

HO ~HI \H~ OH
" N N I

HO-P + V P-OH
II II
o 0

O~ pH
_ P-OH

- +I\H~ OH
02C...... ..,N" N I

....,.. ~ P-OH
II
o

A. [1-(2-hydroxy-2,2-diphosphonoethyl)-IH-imidazol-3-ium
3-yl] acetate,

B. 1,3-bis(2-hydroxy-2,2-diphosphonoethyl)-IH-imidazol-3
ium,

reference solution (b) to identify the peak due 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 suitabzlity:
- resolution: minimum 1.5 between the peaks due to the

chloride ion and impurity E in the chromatogram
obtained with reference solution (c);

- signal-co-noise ratio: minimum 10 for the peak due to
impurity F in the chromatogram obtained with reference
solution (d).

Calculation 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.~;per cent, determined on 0.100 g.

-..'+

ASSAY
Dissolve 0.150 gin 50 mL of carbon dioxide-free waterR.
Sonicate for 10 mID, ifnecessary. Titrate with 0.1 M sodium
hydroxide, determining the end-point potentiometrically
(2.2.20). Read the volume added at the 3rd inflexion point.

1 mL of 0.1 M sodiumhydroxide is equivalent to 9.07 mg of
CSHlONz07Pz·

IMPURITIES
Specifiedimpurities B~ E, F.

Other detectable impurities (the following substances would, if
presentat a sufficientlevel, be detected by one or otherof the tests
in the monograph. They a~ limited by the general acceptance
criterion for other/unspecified, impurities and/orby 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 for pharmaceutical use) A, C, D.

C. IH-imidazole,

D. (IH-imidazol-l-yl)acetic acid,
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Column:
- size: 1= 0.25 m, (2) =4.6 mm;
- stationary phase: amylose derivative of silica gelfor chiral

separation R (5 urn);
- temperature: 35°C.

Mobile phase diethylamine R, 2-propanol R, methanol R,
heptane R (0.1:10:15:75 VIVIVIV).

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 285 run.

Injection 10 j.tL.
Run time Twice the retention time of zolmitriptan.

Relative retention With reference to zolmitriptan (retention
time = about 7 min): impurity A= 0.7.

System suitability 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:
- impurity A: maximum 0.10 per cent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobile phase A
(10:90 VIV).

Testsolution (a) Dissolve 10.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Testsolution (b) Dilute 1.0 mL of test solution (a) to
5.0 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 rnL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 5 mg of zdmitriptan for system
suitability CRS (containing impurities C, H and I) in the
solvent mixture and dilute to 5.0 mL with the solvent
mixture.

Reference solution (c) Dissolve 10.0 mg of zolmitriptan CRS
in the solvent mixture and dilute to 10.0 mL with the solvent
mixture. Dilute 1.0 mL of the solution to 5.0 mL with the
solvent mixture.

Column:
- size: 1=0.10 m, (2) =3.0 mm;
- stationary phase: end-capped sdid core phenylhexylsilyl silica

gelfor chromatography R (2.7 um);
- temperature: 20°C.

Mobile phase A 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 ~th phosphoric acidR
and dilute to 1000 mL with water for chromatography R;

Mobile phase B acetonitrile Rl;

Time Mobile phase A Mobile phase B
(miJ:t) (per cent VIJI) (per cent V/JI)

0-0.5 90 10

0.5 - 4 90 --+ 85 10 --+ 15

4-8 85 15

8-9 85 --+ 80 15 --+ 20

9 - 10 80 20

10 - 12 80 --+ 70 20 --+ 30

12 -13 70 30

2020

Flow rate 0.8 mIJmin.
Detection Spectrophotometer at 210 run.

Injection 2 ul, of test solution (a) and reference solutions (a)
and (b).

Identification of impurities Use the chromatogram supplied
with zolmitriptan for system suitability CRS and the
chromatogram obtained with reference solution .(b) to
identify the peaks due to impurities C, Hand 1.

Relativeretention With reference to zolmitriptan (retention
time = about 5 min): impurity H = about 0.97;
impurity I = about 1.1; impurity C = about 2.0.

System suitabz7ity Reference solution (b):
- peak-to-valley ratio: minimum 8, where Hp =height above

the baseline of the peak due to impurity H and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
zolmitriptan; minimum 1.5, where Hp =height above the
baseline of the peak due to impurity I and H; = height
above the baseline of the lowest point of the curve
separating this peak from 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 of zolmitriptan in

reference solution (a).

Limits:
- impurityC: 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 (2.5.12)
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.

Detection Spectrophotometer at 283 run.

Injection 2 ilL of test solution (b) and reference solution (c).

Calculate the percentage content of C16HzIN30Z taking into
account the assigned content of zolmitriptan CRS.

IMPURITIES
Specified impurities A, C.

Otherdetectable impurities (thefollowing substances taould; if
present at a sufficient leoel, be detected by oneorotherof 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 for pharmaceutical use) B~ D~ E~ F~ G~ u. 1.

o

oANH~R'.~..
L{..~lj

H

N-CH3

H3C

A. (4R)-4-[[3-[2-(dimethylamino)ethyl]-lH-indol-5-yl]
methyl] -1,3-oxazolidin-2-one,
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B. N,N-dimethyl-2-[5- [[(4S)-2-oxo-1,3-oxazolidin-4-yl]
methyl]-lH-indol-3-yl]ethan-f-amine N-oxide,

H. (4S)-4-[(2-methyl-1,2,3,4-tetrahydro-9H-pyrido[3,4-b]
indol-6-yl)methyl]-1,3-oxazolidin-2-one,

°
o~ANH.'r:P' .. ~.I j C02H

1 ~
H

N-CH3

H3C

I. 3-[2-(dimethylamino)ethyl]-5-[[(4S)-2-oxo-1 ,3-oxazolidin
4-yl]methyl] -lH-indole-2-carboxylic acid.

___________________ PhEur

Zolpidem Tartrate
C. (4S,4' 8)-4,4'- [(~:;:;(dimethylamino)butane-I, l-diyl]bis [[3

[2-(dimethylamino)ethyl]-lH-indole-2,5-d.iyl]methylene]]
bis(1,3-oxazolidin-2-one),

°
o~ANHr:P' ~.

1 ~ I j
H

NH
2

'

(ph. Bur. monograph 1280)

PhEur _

DEFINITION
Bis [N,N-dimethyl-2-[6-methyl-Z-(4-methylphenyl)imidazo
[1,2-a]pyridin-3-yl]acetamide] (2R,3R)-2,3
dihydroxybutanedioate.

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 methylene chloride.

IDENTIFICATION
Firstidentification: A~ C.
Second identification: B~ C.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.10 gin 10 mL of 0.1 M hydrochloric
acid. Add 10 mL of waterR. Add dropwise with stirring
1 mL of dilute ammonia R2. Filter and collect the resulting
precipitate. Wash the precipitate with waterR and then dry at
105°C for 2 h. Examine the precipitate as a disc.

99294-93-6. 765

Action and use
Non-benzodiazepine hypnotic.

Preparation
Zolpidem Tablets

0-

0q:D:(ANH
, . ~

i ~ I j
H

HN.;..CH3

H

H'1H2rei.)N
HO,-/· <:»:~~

N-CH3

H3C

G. (4S)-4-[[3-[2-(methylamino)ethyl]-lH-indol-5-yl]methyl]
1,3-oxazolidin-2-one,

F. (2S)-2-amino-3-[3-[2-(dimethylamino)ethyl]-lH-indol-5
yl]propan-l-ol,

E. (4S)-4- [(4-aminophenyl)methyl]-1,3-oxazolidin-2-one,

D. (4S)-4-[[3-(2-aminoethyl)-lH-indol-5-yl]methyl]-1,3
oxazolidin-2-one,
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Comparison Repeat the operations using 0.10 g of zolpidem
tartrate CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg of the substance to be
examined in 5 mL of methanolR, add 0.1 mL of
diethylamine R and dilute to 10 mL with methanolR.

Reference solution (a) Dissolve 50 mg of zolpidem
tartrate CRS in 5 mL of methanolR, add 0.1 mL of
diethylamine R and dilute to 10 mL with methanolR.

Reference solution (b) Dissolve 50 mg of fiunitrazepam CRS
in 5 mL of methylene chloride R and dilute to 10 mL with the
same solvent. Mix 1 mL of this solution with 1 mL of
reference solution (a).

Plate TLC silica gelFZ54 plate R.

Mobile phase diethylamine R, cyclohexane R, ethyl acetate R
(10:45:45 V/V/V).

. Application 5 J.tL.
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 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. Dissolve about 0.1 gin 1 mL of methanolR heating
gently. 0.1 mL of this solution gives reaction (b) of tartrates
(');3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 or BY6 (2.2.2, Method II). Prepare
the solutions protected from light and carry out the test as rapidly
as possible.

Triturate 0.25 g with 0.125 g of tartaric acidR. Dissolve the
mixture in 20 mL of water R and dilute to 25 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25 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 5 mg of zolpidem
impurityA CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase.

Reference solution (b) Dissolve 5 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase. To 10 mL of this solution, add 10 mL of
reference solution (a).

Reference solution (c) 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 mobile phase.

Column:
- size: I =0.15m, 0 =3.9 mm;
- stationary phase: octadecylszlyl silica gelfor chromatography R

(4/lm).

Mobile phase' Mix 18 volumes of acetonitrile R, 23 volumes
of methanolRand 59 volumes of a 5.6 gIL solution of
phosphoric acid R adjusted to pH 5.5 with triethylamine R.

Flow rate 1.5 mlJmin.

2020

Detection Spectrophotometer at 254 nm.

Injection 20 J.tL of the test solution and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relativeretention With reference to zolpidem (retention
time =about 10 min): tartaric acid =about 0.16;
impurity A = about 0.8.

System suitabzlity Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and zolpidem.

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 (c) .
(0.10 per cent);

- total: not more than the area of the principal peak in the
chromatogram obtained with reference solution. (c)
(0.2 per cent);

-disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent); disregard any peak due to tartaric add.

Water (2.5.12)
Maximum 3.0 per cent, determined on 0.50 g.

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

ASSAY
Dissolve 0.300 g in a mixture of 20 mL of anhydrous acetic
acidR and 20 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.

1 mL of 0.1 M perchloric acid is equivalent to 38.24 mg
of C42H4SN60S.

STORAGE
In an airtight container, protected from light.

IMPURITlES~.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities 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 for pharmaceutical use) A.

A. N,N-dimethyl-2-[7-methyl-2-(4-methylphenyl)imidazo
[1,2-a]pyridin-3-yl]acetamide.

____________________ PhEur
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Zopiclone

Zopiclone 11-1329

principal spot in the chromatogram obtained with the
reference solution.

Ph£ur ~-------------~

DEFINmON
(5RS)-6-(5-Chloropyndin-2-yl)-7-oxo-6,7-dihydro-5H
pyrrolo [3,4-b[pyrazin-Seyl 4-methylpiperazine-l-carboxylate.

Content·:a-·L

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 dilute mineral acids.

IDENfIFICATION
Firstidentification: B.

Second identification: A~ C.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 50.0 mg in a 3.5 gIL solution of
hydrochloric acid R and dilute to 100.0 mL with the same
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 nm.
Absorption maximum At 303 om.
Specific absorbance at the absorption ma..ximum 340 to 380.

B. Infrared absorption spectrophotometry (2.2.24).
Comparison 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 to 10 mL with
the same solvent.

Reference solution Dissolve 10 mg of zopiclone CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.

Plate TLC silica gel GFZ54 plate R.

Mobile phase methylamineR, acetone R, ethyl acetate R
(2:50:50 V/V/V);

Application 10 IlL.
Development 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 position and size to the

(Ph. Bur. monograph 1060)

o
. ~ CI

G.N~,.~aHsC'" N N N

c~ 0

388.8

Action and use
N on-benzodiazepine hypnotic.

Preparation
Zopiclone Tablets

and enantiomer

43200-80-2

TESTS
Solution S
Dissolve 1.0 gin dimethylformamide R and dilute to 20.0 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
intensity 5 of the range of reference solutions of the most
appropriate colour (2.2.2~ Method II).

Optical rotation (2.2.7)
-0.05° to + 0.05°.

Dilute 10.0 mL of solution S to 50.0 mL with
dimethylformamide R.

Related substances
Liquid chromatography (2.2.29). Prepare the solutWm_
immediately before use. - .. ., ,•.

Testsolution Dissolve 40.0 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 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 mobile phase.

Reference solution (b) Dissolve 4.0 mg of zopiclone oxideCRS
(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 solution (c) Dissolve 2.0 mg of zopiclone
impurity B CRS 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: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica 'gel for

chromatography R (5 J.I1Il);
- temperature: 30°C.

Mobile phase Mix 38 volumes of acetonitrile Rand
62 volumes of a solution containing 8.1 gIL of sodium
laurilsulfate R and 1.6 gIL of sodium dihydrogen phosphate R,
previously adjusted to an apparent pH of 3.5 with a
10 per cent V/V solution of phosphoric acidR.

Flow rate 1.5 mLlmin.

Detection Spectrophotometer at 303 nm.

Injection 20~.

Run time 1.5 times the retention time of zopiclone.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity B.

Retention time Zopic1one = 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 zopic1one; if necessary, adjust the mobile
phase to pH 4.0 with a 10 per cent V/V solution of
phosphoric acidR.

www.webofpharma.com
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Limits:
- impurityB: not more than twice 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
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total (excluding impurity B): not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.2 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).

2-Propanol
Gas chromatography (2.2.28).

Internalstandard solution Dilute 5 mL of ethanol R1 to
100 mL with ethylene chloride R. Dilute 1 mL of the solution
to 10mL With-etJiYlenechlon'de R.
Testsolution Dissolve 0.25 g of the substance to be
examined in ethylenechloride R, add 0.5 mL of the internal
standard solution and dilute to 5.0mL with ethylene
chloride R.
Referencesolution 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 mL of the internal standard solution and dilute to
100.0 mL with ethylene chloride R.
Column:
- material: fused silica;
- size: l =10 m, 0 =about 0.53 mm;
- stationary phase: styrene-divinylbenzene copolymer R (film

thickness 20 urn).

Carriergas helium for chromatography R.
Flow rate 4 mlJmin.

Temperature:

____________________ PhEur

Zuclopenthixol Acetate

and enantiomer

andenantiomer

C. 6-(5-chloropyridin-2-yl)-6,7-dihydro-5H-pyrrolo [3,4-b]
pyrazin-5-one.

STORAGE
Protected from light.

IMPURITffiS
Specified impurities B.
Other detectable impurities (thefollowing substances toould, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They arelimitedby thegeneral 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 for pharmaceutical use) A~ C.

A. (5RS)-6-(5-chloropyridin..2-yl)-7-oxo-6~7-dihydro-5H
pyrrolo [3,4-b] pyrazin-5-yl 4-methylpiperazine-l
carboxylate 4-oxide (zopiclone oxide),

B. (7RS)-6-(5-chloropyridin-2-yl)-7-hydroxy-6,7-dihydro-5H
pyrrolo [3,4-b]pyrazin-5-one,

n°cYo N

50
50 -> 70

70
70 -> 200

200

150
250

Temperature
CC)

Time
(min)

0-5
5 - 10

10 - 14

14 - 20.5

20.5 - 27.5

Column

Injection port

Detector

DEFINITION
Zuclopenthixol Acetate is (Z)-2-4-[3-(2-chlorothioxanthene
9-ylidene)propyl]piperazin-l-ylethyl acetate. It contains not
less than 98.0% and not more than 102.0% of

Detection Flame ionisation.

Injection 1 J.tL.
Calculate the percentage content m/m of 2-propanol taking
its density to be 0.785 g/mL at 20 "C.

Limit:
- 2-propanol: maximum 0.7 per cent m/m.

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 acetic
acidR and 40 mL of acetic anhydride R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

1 mLof 0.1 M perchloric acid is equivalent to 38.88 mg
of C17H17CIN60 3•

rN~OAC

®
N~

»< ~ CI

~ I ~ I
s

443.0

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Zuclopenthixol Acetate Injection

85721-05-7
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C24Hz7ClNzOzS, calculated with reference to the dried
substance.

C~CTERISTICS

A yellowish, viscous oil.

Very slightly soluble in water, very soluble in dichloromethane,
in ethanol (96%) and in ether. .

IDENTIFICATION
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 nm. The absorbances at the
maxima are about 1.18 and 0.51 respectively.

R The infrared absorption spectrum, AppendixIl A, is
concordant with the reference spectrum of zuclopenthixol
acetate (RS 363).

TESTS
Related substances
Carry out the method for thin-layerchromatography,
Appendix III A, using the following solutions protected from

light. 'c' "
;"~:'~-

SolventA Shake]r~6 mL of diethylamine with 150 mL of
methanol and add ~tifficient methanol to product 200 ml.,
(1) 2.5% w/v of the 'substance being examined in solvent A.

(2) Dilute 1 volume of solution (1) to 100 volumes with
solvent A, further dilute 1 volume of this solution to
10 volumes with the same solvent.

(3) Dilute 1 volume of solution (2) to 2 volumes with solvent
A.
(4) 0.0025% w/v of 2- chlorothioxanthone BPCRS in solvent
A.
(5) 0.0025% w/v of 9- allyl-2-cnlorothioxanthen-9-ol BPCRS in
solvent A

CHROMATOGRAPHIC CONDITIONS

(a) Use a TLC silica gelF254 plate (Merck plates are suitable).

(b) Use an unlined TLC tank and the mobile phase as
described below.

(c) Apply 4 J.LL of each solution

(d) Develop the plate to 10 ern,

(e) After removal of the plate, allow it to dry in air, spray
with a mixture of equal volumes of sulfuric acidand absolute
ethanol, heat at 110° for 5 minutes and examine under
ultraviolet light (365 nm) immediately

MOBILE PHASE

10 volumes of ethyl acetate and 90 volumes of cyclohexane

UMITS

In the chromatogram obtained with solution (1):

Any spots corresponding to 2-chlorothioxanthone is not more
intense than the spot in the chromatogram obtained with
solution (4) (0.1%);

any spots corresponding to 9-allyl-2-chlorothioxanthenol is
not more intense than the spot in the chromatogram
obtained with solution (5) (0.1 %);

any other secondary spot is not more intense than the spot in
the chromatogram obtained with solution (2) (0.1%);

not more than four such spots are more intense than the spot
in the chromatogram obtained with solution (3) (0.05%).

trans-Isomer
Carry out the method for liquidchromatography,
Appendix III D using the following solutions in
dichloromethane protected from light.

(1) 0.040% w/v of the substance being examined.

Zuclopenthixol Acetate 11-1331

(2) 0.00046% w/v of trans-clopenthixol acetate
dihydrochloride BPCRS (equivalent to 0.00040% w/v of trans
clopenthixol acetate).

(3) 0.020% w/v of the substance being examined and
0.023% w/v of trans-elopenthixol acetate
dihydrochloride BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with silica gelfor chromatography (5 um) (Spherisorb S 5W is
suitable). .

(b) Use isocratic elution 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 254 nm.
(t) Inject 15 J.LL of each solution.

MOBILE PHASE

0.03 volume of 135M ammonia, 45 volumes of
dichloromethane, 45 volumes of heptane and 50 volumes of
acetonitrile

SYSTEM SUITABILITY

The test is not valid unless the resolution factorbetween the
principal peaks in the chromatogram obtained with solution
(3) is at least 2.6.

UMITS

In the chromatogram obtained with solution (1), the area of
any peak corresponding 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 than 0.4% of its weight. Use 1 g.

Sulfated ash
Not more than 0.1%, Appendix IX A.

ASSAY
Dissolve 0.2 gin 50 mL of anhydrous. acetic acid and carry
out Method I for non-aqueous titration, Appendix VITI A,
determining the end point potentiometrically. Each mL of
O.lMperchloric acid VS is equivalent to 22.15 mg of
CZ~Z7CIN202S,

STORAGE
Zuclopenthixol Acetate should be protected from light and
stored at a temperature not exceeding -20°.

IMPURITIES

A. trans-clopenthixol acetate(trans-immer) ,

ocea·. ~ CI

..~ ~ I ~ I.'.. s

B. 2-chlorothioxanthone,
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PhEur _

C. zuclopenthixol,

Reference solution (b) Dissolve 5.0 mg of zuclopenthixol
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 solution (c) Dissolve the contents of a vial of
zuclopenthixol for system suitability CRS (zuclopenthixol
decanoate containing impurities A, B and C) in 1 mL of
methanol R.
Column:
- size: 1=0.25 m, 0 = 4.6 mID;
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatography R (5 urn);
- temperature: 40°C.

Mobile phase Mix 25 volumes of solution A and 75 volumes
of anhydrous ethanolR, then add 0.1 volumes of phosphoric
acidR.
Flowrate 1.0 mlJmin.

Detection Spectrophotometer at270 nm.

Injection 20!J.L.

Run time Twice the retention time of zuclopenthixol
decanoate.

Identification of impurities Use the chromatogram supplied
with zuclopenthixol for system suitability CRS and the
chromatograms obtained with reference solutions (b) and (c)
to identify the peaks due to impurities A, Band C.

Relativeretention With reference to zuclopenthixol decanoate
(retention time =about 12 min): impurity C =about 0.4;
impurity B =about 0.5; impurity A =about 1.1.

System suitability Reference solution (c):
- peak-to-valley ratio: minimum 2.0, where Hp =height

above the baseline of 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; and minimum 2.5, where Hp = height above
the baseline of the peak due to impurity A and
Hv =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
zuclopenthixol decanoate.

Limits:
- impurityA: not more than 1.3 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (1.3 per cent);

- impurityB: not more than 0.2 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.2 per cent);

- impurityC: 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 impurities: for each impurity, not more than
0.1 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) (1.5 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). -

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
anoven at 60°C at a pressure not exceeding 0.7 kPa for 3 h.

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

64053-00-5555.2

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Zuclopenthixol Decanoate Injection

(Ph. Bur. monograph 1707)

rN~OH

DX)
N-J

CI. ~ ~

~ I ~ I
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TESTS
Appearance of solution
The solution is clear (2.2.1).

Using an ultrasonic bath, dissolve 1.0 g in ethanol
(96 per cent) R and dilute to 20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from light and prepare the solutions immediately before use.

Solution A Dissolve 8.89 g of docusate sodiumR in waterR,
stirring for about 6-8 h, and dilute to 1000 mL with the
same solvent.

Testsolution Dissolve 25.0 mg of the substance to be
examined in acetonitrile 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 acetonitrile R.

DEFINITION
2-[4-[3-[(9Z)-2-Chloro-9H-thioxanthen-9-ylidene]
propyl] piperazin-1-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. Bur. reference spectrum of zuclopenthixol
decanoate.

Zuclopenthixol Decanoate
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____________________ PhEur

B. 2-chloro-9H-thioxanthen-9-one,

more than 101.0% of CzzHzsCINzOS,2HCI, calculated with
reference to the anhydrous substance.

CHARACTERISTICS
An off-white, granular powder.

Very soluble in water; sparingly soluble in ethanol (96%); very
slightly soluble in ether.

IDENTIFICATION
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 run. The absorbances at the
maxima are about 1.0 and 0.4, respectively.

B. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of zuclopenthixol
hydrochloride (RS 365).

C. Yields reaction A characteristic of chlorides, Appendix VI.

TESTS
Acidity
pH of a 1.0% w/v solution, 2.0 to 3.0, Appendix V L.

Free amine
Carry out the method for thin-layer chromatography,
Appendix III A, using the following solutions protected from
light.

SolventA Shake 0.6 mL of diethylamine with 150 mL of
ethanol (96%) and add sufficient ethanol (96rt) to produce
200 mL.
(1) 0.25% w/v solution of the substance being examined in
solvent A.

(2) Dilute 1 volume of solution (1) to 400 volumes with
solvent A.

CHROMATOGRAPHIC CONDITIONS

(a) Use a TLC silica gelF254 plate (Merck plates are suitable).

(b) Use the mobile phase as described below.

(c) Apply 4 ul, of each solution.

(d) Develop the plate to 10 em.

(e) After removal of the plate, allow it to dry in air, spray
with a mixture of equal volumes of sulfuric acidand absolute
ethanol, heat at 110° for 5 minutes and examine under
ultraviolet light (365 nm) immediately.

MOBILE PHASE

2 volumes of water, 10 volumes of 13.5M ammonia,
20 volumes of butan-l-ol and 65 volumes of acetone.

LIMITS

In the 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 chromatography,
Appendix ill D, using the following solutions protected from
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 1 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 (1) to 100 volumes with
solution A. """"w>.- ,.

633-59-0473.9

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Zuclopenthixol Tablets

ASSAY
Dissolve 0.250 gin 50 mL of anhydrous acetic 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 27.76 mg
of C3zH43CINzOzS.

STORAGE
Under an inert gas in an airtight container, protected from
light, at a temperature not exceeding -20 "C.

IMPURITIES
Specified impurities A.J B.J C.

C. 2-[4-[3-[(9Z)-2-chloro--9H-thioxanthen-9-ylidene]
propyl] piperazin-l-yl]ethanol.

%: a

s ~

I
'" . CI

A. 2- [4-[3-[(9E)-2~.chloro--9H-thioxanthen-9-ylidene]
propyl]piperazin...l-yl]ethyl decanoate,

DEFINITION
Zuclopenthixol Hydrochloride is (Z)-2-4-[3-(2
cWorothioxanthene-9-ylidene)propyl]piperazin-l-ylethanol
dihydrochloride. It contains not less than 98.0% and not
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C. 2-chlorothioxanthone,

B. trans-clopenthixol,

CI

CI

A. 2-chloro-9-(1-hydroxy-3-(4-(2-hydroxyethyn]pipera~Jn-1
ylpropyljthioxanthens-ol,

HO~N~

~NC&r
:f7 . :f7 CI

~ I ~ I
s

o

oCcr:f7 · CI

~ I ~ I
s

~N~OH

ctXY
HO N~
HO

:f7 :f7 CI

~ I ~ I
s

perchloric acid VS is equivalent to 23.70 mg of
C22H27CI3NzOS.

STORAGE
Zuc1openthixol Hydrochloride should be protected from
light.

IMPURITIES

E. 9-allylidene-2-chlorothioxanthene,

l).9-allyl-2-chlorothioxanthen-9-o~

F. 2-chloro-9-(3-piperazin-l-ylpropylidene)thioxanthene.

Time Mobile Mobile Mobile Comment
(Minutes) phase A phase B phase C

(%v/v) (%v/v) (%v/v)

0-8 82 18 0 isocratic

8-17 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 are recorded under the prescribed
conditions, the retention times relative to zuc1openthixol
(retention time about 6 minutes) are: impurity A, about 0.1;
impurity B, about 1.2.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (4), the resolution between the peaks
corresponding to zuc1openthixol and impurity B is
at least 2.0.

UMITS

In the chromatogram obtained with solution (1):

The area of any peak due to trans-zuclopenthixol is not
greater than the area of the principal peak in the
chromatogram obtained with solution (3) (3%);

The area of any other secondary 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 peak, excluding trans
clopenthixol hydrochloride, is not greater than 5 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 peak in 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 than 0.1%, Appendix IX A.

ASSAY
Dissolve 0.5 gin 50 mL of anhydrous acetic acidand carry
out Method I for non-aqueous titration, Appendix VIII A,
using crystal violet solution as indicator. Each mL of a.1M

(4) 0.002% w/v each of zuclopenthixol hydrochloride BPCRS
and trans-clopenthixol hydrochloride BPCRS (impurity B) in
solution A.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (5 cm x 2.1 mm) packed
with octadecylsilyl silica gelfor chromatography (3.5 urn)
(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.

(f) Inject 5 ul, of each solution.

MOBILE PHASE

Mobile phase A 1 volume of trifluoroacetic acidand
. 25 volumes of water.

Mobile phase B 1 volume of trifluoroacetic acidand
25 volumes of acetonitrile.
Mobile phase C methanol.
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