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characterization, are included in the Centre's annual report. The report is eirculated, inter alia, to
membars of the WHO Expert Advisory Panel on the Internaticnal Pharmacoposia and
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the attached analytical documentation, and to notify the Cantre of any reservations or adverse
comments within three months of the date of mailing. In these cases tha Centre will procead with
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Sistribution of | in 1997

During 1992 the total number of International Chemical Reference Substances distributed from
the Centre was 1125, Compared to the figures for 1991 this corresponds to an increase of about
78 per cent. The six most frequently requested substances were in order of demand Ampicillin
anhydrous, Benzylpenicillin sodium, Melting Point Reference Substances, Atropine sulfate,
Sulfamethoxazole and 2-(4-Chloro-3-sulfamoyi)-benzoic acid. Detailed figures for the distribution of

the individual substances are given in Appendix 1.

The substances were distributed to 32 different countries during 1992, Details of the distribution,
are given in Appendix 2. Considering the distribution to differant regions it is observed that
approximately 22% went to the African Region, 2% to the Americas, 5% to the Eastern Mediterranean,
26% to Europe, 35% to South East Asia and 10% to the Western Pacific Region.

Compared to last years figures there is an increase in the request from South East Asia, Western
Pacific and the African Region. Sixteen new countries have ordered and eight from last years list have
disappeared. This shows how difficult it is to foresee the requests for ICRS. Some countries probably
place a large order and keep a stock of ICRS for several years before they place a new order.

Establishment of reference substances in 1992

In accordance with the procedure recommended by the WHO Expert Committee on
Specifications for Pharmaceutical Preparations in its Thirty-second report (Technical Report Series No
823), 7 International Chemical Reference Substances were established in 1992. The substances are
listed in Appendix 3 to this report. Ethinylestradiol and Vitamin A acetate are replacement batches as
the former stocks were depleted during 1891.

A complete list of all International Chemical Reference Substances available from the Centre in
January 1993, with infarmation about package sizes and control numbers for the current batches is
given in Appendix 4 to this report. The list also includes 8 substances mentioned below which are
expected to be formally adopted by the Expert Committee in 1994. New this year is also that the
Melting Point Reference Substances are no longer available as a set. They are now sold as separate
substances with their own controt numbers, given in this report in Appendix 4 on page 11.

Work on new reference substances completed in 1992

Wark is being continued on new reference substances required to support specifications in the
third edition of the International Pharmacopoeia. During 1992 eight new reference substances for
volume 3 were examined. They are Amadiaquine hydrochloride, Bacitracin zinc, Beclometasone
diproprionate, Dexamethasone phosphoric acid, Dexamethasone sodium phosphate, Dopamine
hydrochioride, Probenecid and Pyrantei embonate. The analytical repons are given in Appendices 7-
14 These substances are considered suitable for adoption as International Chemical Reference

Substancss.

Stabi :

The regular stability monitoring of existing International Chemical Reference Substances was
continued. This year thirteen substances were re-examined. The rasults are given in Appendix 5.
Details about the analyticat methods used can be obtained from the Centre.
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Work in progresg.and future work
Work is continuously performed on the substances reguirad to suppon the monopgraphs in

Volume 3 of the international Pharmacoposia. For the moment work on nine of the 21 substances,
given in Appendix 6, is in progress at the Centre.

During 1992, the Centre started to disseminate more information on International Chemical Reference
Substances to laboratoties involved in analyticai control of pharmaceuticals. The international
Federation of Manufacturers Associations (IFFMA) helped to locate addrasses of Manufacturers
Member Associations. The Centre started the preparation of an information card concerning the
Centre to be distributed at conferences and/or to persons for information purposes of the existence of
International Chemical Reference Substances. This card will be ready for distribution during 1993. The
Centre aiso participated at the FIP Congress in Lyon giving & lecture with the title "The role of the
Chemical Reference Substances Centre in combating counterfeit pharmaceuticais”.

Administrat { financial

The total cost for running the Centre in 1992 was estimated at 563.600 US$. The income from
sales of reference substances was about 46.040 US$ and the contribution received from the WHQO
headquarters was 16.000 US$. This leaves a deficit of 501.560 US$, covered by the support from the
National Corporation of Swedish Pharmacies.

The fee remains 40 US$ per package and a freight and handling charge of 10 US$ is added to each
order. '

Acknowledgements

Thae Centre is grateful to the laboratories that have contributed to the work during 1982, This
year we want to address our thanks to the European Pharmacopoeia Laboratory in Strasbourg,
France and the National Biological Standards Laboratory (now Therapeutic Goods Administration
Laboratories), Canberra, Australia.

The Centre is also very grateful to the pharmaceutical companies who have provided candidate
materials and paricipated in the analytical testing. This year we want to give a special thanks to

A/S Aphotekarnes Lab., Oslo, Norway: Fluka Chemie AG, Buchs, Switzerltand; Glaxo, Greenford,
Engiand; Merck, Sharp and Dohme Ltd, Rahway, NJ, USA; Parke Davis, Marris Plains, Nd, USA;
Pfizer, Groton, NY, USA and Upjohn, Kalamazoo, MI, USA.




WHO/PHARM/93.564
page 4

Aceclidine salicylate
p-Acetamidobenzalazine
Acetazolamide
Allcpurinol
2-Amino-5-nitrothiazote
3-Aminopyrazole-4-carbox-
amide hemisuifate
Amitriptyline hydrochloride
Amphotericin B
Ampicillin {anhydrous)
Ampicillin sodium
Ampicillin trihydrate
Anhydrotetracycline hydro-
chloride
Atropina suliate
Azathioprine
Bendazol hydrochioride
Benzobatbital
Benzylamine sulfate
Benzylpeniciliin potassium
Benzylpenicillin sodium
Bephenium hydroxynaphthoate
Betamethasone
Betamethasone valerate
Betanidine suifate
Bupivacaine hydrochloride
Caffeine
Carbamazepine
Carbanicillin monosodium
Chloramphenicol
Chloramphenicol palmitate
Chloramphenicol palmitate
{Polymorph A)
5-Chloro-2-methyiamino-
banzophenone
2-(4-Chioro-3-sulfamoyi-
benzoyi)benzoic acid
Chlorphenamine hydrogen
maleate
Chlorpromazine hydro-
chioride
Chlortalidone
Chlortetracycline hydrochloride
Cimetidina
Clomifene citrate
Clomifene citrate Z-isamer
see Zuclomitene
Cloxaciilin sodium
Colecalciferol
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22
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APPENDIX 1
DISTRIBUTION OF CHEMICAL REFERENCE SUBSTANCES IN 1992

Cortisone acetate
Dapsone
Dasoxycortone acetate
Dexamethasonsa
Dexamethasone acetate
Diazepam
Diazoxide
Dicloxacillin sodium
Dicolinium iodide
Dicoumarel
Diethylcarbamazine
dihydrogen citrate
Digitoxin
Digoxin
NN' -Di-(2,3-xylyl}anthra-
nilamide
Emetine hydrochloride
4-Epianhydrotetracycline
hydrochloride
4-Epitetracyciine ammaonium
sait
Ergocalciferol
Ergometrine hydrogen maleate
Ergotamine tartrate
Erythromycin
Estradiol benzoate
Estrona
Etacrynic acid
Ethambutol hydrochloride
Ethinylestradiol
Ethisterone
Ethosuximide
Etocarlide
3-Formylrifamycin
Flucytosine
Fluorouracil
Fluphenazine decanoate
dihydrochloride
Fluphenazine enantate
dihydrochloride
Fluphenazine hydrochloride
Folic acid
Furosemide
Griseofulvin
Haloperidol
Hydrochlorothiazide
Hydrocontisone
Hydrocortisone acetate
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{(—)-3-(4-Hydroxy-3-methoxy-
phenyl)-2-methylalanine

lbuprofen

Imipramine hydrochioride

Indometacin

o-lodohippuric acid

Isoniazid

Lanatoside C

Levodopa

Levothyroxine sodium

Lidocaine

Lidocaine hydrochiotide

Mefenamic acid

Matazide

Meathaqualone

Methyldopa

Methyitestostarone

Meticiliin sodium

Metronidazole

Nafcillin sodium

Neostigmine metilsulfate

Nicotinamide

Nicotinic acid

Niridazole

Niridazole-chlorethyi-
carboxamide

Norethisterona

Norethisterone acetate

Nystatin

Quabain

Oxacillin sodium

Oxytetracycline dihydrate

Oxytetracycline hydrochloride

Papaverine hydrochloride

Phenethicillin potassium

Phenoxymethylpenicillin

Phenoxymethylpenicillin
calcium

Phenoxymethylpencillin
potassium
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Phenytoin
Pradnisclone

. Prednisolone acetate

Prednisone
Prednisone acetate
Probenecid
Procaine hydrochloride
Procarbazine hydrochloride
Progesterone
Propicillin potassium
Propranolol hydrochloride
Propyithicuracil
Pyrantel embonate
Pyridostigmine bromide
Reserpine
Retinol acetate .
(solution & 25000 1U)
Riboflavin
Rifampicin
Rifampicin quinone
Sodium cromoglicate
Sulfamethoxazole
Sulfamethoxypyridazine
Sulfanilamide
Sulfasalazine
Testosterone propionate
Tetracycline hydrochloride
Thioacetazone
4,4'-Thiodianiline
Thyroxine sodium
see Levothyroxine sodium
Tolbutamide
Tolnaftate
Trimethadione
Trimethoprim
Trimethylguanidine sulfate
Tubocurarine chioride
Vitamin A acetate (solution)
see Retinol acetate
Warfarin
Zuclomifene

Melting Point Reference Substances 34 x 13 substances.
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APPENDIX 2

DISTRIBUTION OF INTERNATIONAL CHEMICAL REFERENGE SUBST, ANCES
TO DIFFERENT WHO REGIONS IN 1882

WHQ Regions

Number of ICRS distributed In 1992

African Region (AFROQ)

Ghana 151
Swaziland 29
Tanzania 30
Uganda 28
Zimbabwa 5
Region of the Americas (AMRO)
Argentina 1
Cuba 1
Panama 9
United States of Amearica 8
Eastern Mediterranean Region (EMRQ)
Egypt 6
Syrian Arab Republic 19
Yemen 36
European Region (EURO)
Austria 8
Belgium 32
Czechoslovakia 5
Danmark 6
Finland 5
France 15
Germany 61
Netheriands 3
Norway 5
Russian Federation 61
Sweaden 66
Switzerland 2
Turkey 14
United Kingdom 18
South-East Asia Region (SEARQ)
India 339
Indonesia 59
Western Pacific Region (WPROQ)
Malaysia 4
New Zealand 15
Singapore 23
Vietnam 68
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APPENDIX 3

INTERNATIONAL CHEMICAL REFERENCE SUBSTANCES ESTABLISHED IN 1992

Reference Substance Control Numbaer  Analytical Report Remarks
Amphotericin B 1911563 WHO/PHARM/92.558
Appendix 7
Erythromycin 191154 WHO/PHARM/92.558
Appendix 8
Ethinylestradiot 291016 WHO/PHARM/92.558 Repiaces
Appendix 9 No 167016
Nystatin 191152 WHQ/PHARM/92.558
Appendix 10
Rifampicin 191151 WHO/PHARM/S2.558
Appendix 11
Sulfasalazine 191185 WHO/PHARM/92 558
Appendix 12
Retinol acetate 791038 WHO/PHARM/92.558 Replaces
(Vitamin A acetate) Appendix 13 No 686038
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APPENDIX 4

{1ST OF AVAILABLE INTERNATIONAL CHEMICAL REFERENCE SUBSTANCES
1993

General information

International Chemical Reference Substances are established on the advice of the WHO
Expert Committee on Specifications for Pharmaceutical Preparations. They are supplied primarily for
use in physical and chemical tests and assays described in the specifications for quality controi of
drugs published in The International Pharmacopogia or proposed in draft monographs.

Directions for use and the analytical data required for the tests specified in The International
Pharmacopoeia are given in the certificates enclosed with the substances when distributed. More
detailed analytical reports on the substances may be obtained on request from the WHO Collaborating
Centre for Chemical Reference Substances.

international Chemical Referance Substances may also be used in tests and assays not
described in The International Pharmacopoeia. However, the responsibility for assessing the suitabiiity
of the substances then rests with the user or with the pharmacopoeia commission or other authority

that has prescribed the use of these substances.

it is generally recommended that the substances be stored protected from light and moisture
and preferably at a temperature of about +5 °C. When special storage conditions are required this is
stated on the label or in the accompanying leaflet.

The stability of the International Chemical Reference Substances stored at the Coliaborating
Centre is monitored by regular re-examination, and any detetiorated materials are replaced by new
batches as necessary. Lists giving control numbers for the current batches are issued in the annual

repcrts from the Centre and may be obtained on request.

Ordering Information
Orders for International Chemical Reference Substances should be sent 10!

WHO Collaborating Centre for Chemical Reference Substances
APOTEKSBOLAGET AB

Centrallaboratonet

S-105 14 STOCKHOLM

SWEDEN

(Telex: 11553 APOBOL 5)
(Fax: + 46 B 740 60 40)

International Chemicat Reference Substances are supplied only in the standard packagas
indicated in the following list.




Reference substance

Aceclidine salicylate
p-Acetamidobenzalazine
Acetazolamide

Allopurinol

2-Amino-5-nitrothiazole
3-Aminopyrazole-4-carboxamide hemisultate
Amitriptyline hydrochloride
Amodiaquine hydrochioride
Amphotericin B

Ampicillin {anhydrous)

Ampicillin sodium

Ampicillin trihydrate
Anhydrotetracycline hydrochloride
Atropine sulfate

Azathioprine

Bagcitracin zinc

Baclomstasone diproprionate
Bendazol hydrochloride

Benzobarbital

Banzylamine sulfate

Benzyipenicillin potassium
Benzylpenicillin sodium

Bephenium hydroxynaphthoate
Betamethasone

Betamethasone valerate

Betanidine suifate

Bupivacaine hydrochloride

Catfaine

Carbamazepine

Carbenicillin monosodium
Chioramphenicol

Chloramphenicol palmitate
Chloramphenicol palmitate (Polymorph A)
5-Chlorg-2-mathylaminobenzophenone
2-(4-Chiloro-3-sulfamoylbenzoyl)benzoic acid
Chlorphenamine hydrogen maleate
Chlorpromazine hydrochloride
Chlortalidone

Chlertetracycline hydrochloride
Cimetidine

Clomifene citrate

Clomifene citrate Z-isomer see Zuclomifene
Cloxacillin sodium

Colecalciferol (Vitamin Dg)

Cartisone acetate

Dapsone

Desoxycortone acetate
Dexamethasone

Dexamethasone acetate
Dexamethasone phosphotic acid

100 mg
100 mg
100 mg
100 mg

25 mg
100 mg
100 mg
200 mg
400 mg
200 mg
200 mg
200 mg

25mg
100 mg
100 mg
200 mg
200 mg
100 my
100 mg
100 mg
200 mg
200 mg
100 mg
100 my
100 mg
100 mg
100 mg
100 mg
100 mg
200 mg
200 mg

200 mg
100 mg

50 mg
100 mg
100 mg
100 mg
200 mg
100mg
100 mg

200 mg
500mMg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
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Control
Number

172048
280042
186128
287049
186131
172050
181101
192160
181153
380001
388002
274003
180086
183111
172060
192174
192175
173066
172051
172052
180099
280047
183112

183113

180145
172053
289054
181102
189143

1383043

486004
286072
175073
172061
181106
182108
178080
183114
187138
190150
187136

274005
190146
167006
1831156
167007
388008
288009
192161
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Dexamethasone sodium phosphate

Diazepam

Diazoxide

Dicloxaciliin sodium

Dicolinium iodide

Dicoumarol

Diethylcarbamazine dihydrogen citrate

Digitoxin

Digoxin

NN'-Di-(2,3-xylyl)anthranilamide

Dopamine hydrochloride

Emetine hydrochloride

4-Epianhydrotetracycline hydrochloride

4-Epitetracycline ammeonium sait

Ergocalciferot (Vitamin Dp)

Ergometrine hydrogen maleate

Ergotamine tartrate

Erythromycin

Estradiol benzoate

Estrone

Etacrynic acid

Ethambutol hydrochlonde

Ethinylestradiol

Ethisterone

Ethosuximide

Etocarlide

Flucytosine

Fluorouracil

Fluphenazine decanoate dihydrochloride

Fluphenazine enantate dihydrochloride

Fiuphanazine hydrochloride

Folic acid

3-Formylrifamycin

Furosamide

Griseofulvin

Haloperidol

Hydrochlorothiazide

Hydrocortisone

Hydrocortisone acetate

(—)-3-(4-Hydroxy-3-methoxyphenyl)-
2-methylalanine

ibuprofen

imipramine hydrochloride

indometacin

o-lodohippuric acid

Isoniazid

Lanatoside C

Levodopa

Levothyroxine sodium

Lidocaine

Lidocaine hydrochloride

Package
Size
100 mg
100 mg
100 mg
200 mg
100 mg
100 mg
100 mg
100 mg
100 mg
50 mg
100 mg
100 mg
26 mg
25mg
500myg
50 mg
50 mg
250 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 myg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
200 mg
100 mg
200 mg
100 mg
100 mg
100 mg
100 mg

25 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg
100 mg

controj
Number
192158
172062
1811023
174071
172085
178077
181100
277010
587011
173067
192159
187134
288097
180098
190147
277012
385013
191154
167014
279015
281056
179081
291016
167017
179088
172057
184121
184122
182107
182108
176076
388019
190149
171044
280040
172063
179087
283020
280021

179085
183117
172064
178078
171045
185124
281022
172065
189144
181104
181105




Mefenamic acid
Mefting Foint Refarence Substances

(set of 13 substances)
Individual Meiting Point Reference Substances
Azobenzene (69 °C)
Vaniilin {83 °C)
Benzil {96 °C)
Acetanilide (116 °C)
Phanacetin {136 °C)

Benzanilide (165 °C)
Sulfanilamide (166 °C)
Sulfapyridine (193 °C)
Dicyandiamide (210 °C)
Saccharin (2292 °C)
Caffeine (237 °C)
Phanolphthalein (263 °C)

Matazide

Methaqualone

Methyidopa
Methyltestosterone

Meticillin sodium
Metronidazole

Nafeillin sodium

Neostigmine metilsulfate
Nicotinamide

Nicotinic acid

Niridazole
Niridazole-chlorethylcarboxamide
Norathisterone
Norethisterone acetate
Nystatin

Quabain

Oxacillin sodium
Oxytetracycline dihydrate
Oxytetracycline hydrochioride
Papaverine hydrochloride
Phenethicillin potassium
Phenoxymsthyipenicillin
Phenoxymethylpenicillin calcium
Phenoxymethyipenicillin potassium
Phenytoin

Prednisolone

Prednisolone acetate
Prednisone

Prednisane acetate
Probenecid

Procaine hydrochlotide
Procarbazine hydrochloride
Progesterone

Propicillin potassium

WHO/PHARM/93.564
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Package  Controt
size Number

100 mg 173068

No longer available

449 192168
ag 192169
449 192170
4q 192171
4qg 192172
449 192173
49 192162
4q 192163
449 182164
4g 192165
449 192166
49 192167

100 mg 172058
100 mg 173069
100 mg 178084
100 mg 167023
200 mg 274024
100 mg 183118
200 mg 272025
100 myg 187135
100 myg 179080
100 mg 178091
200 mg 186129

25 mg 186130
100 mg 186132
100 mg 185123
200 mg 191152
100 mg 283026
200 mg 382027
200 mg 189142
200 mg 189141
100 mg 185127
200 mg 167028
200 mg 179082
200 mg 179083
200 mg 176075
100 mg 1790892
100 mg 389029
100 mg 289030
100 mg 167031
100 mg 169032
100 mg 1921566
100 mg 183119
100 mg 184120
100 mg 167033
200 mg 274034




WHO/PHARM/93.564

page 12

Package  Control

gize Numbper
Propranolol hydrochloride 100 mg 187138
Propyithicuracil 100 mg 185126
Pyrantel embonate 500 mg 192157
Pyridostigmine bromide 100 mg 182110
Reserpine 100 mg 186133
Retinol acetate (solution) S5caps. (") 791038
Riboflavin 250 mg 382035
Rifampicin 200 mg 191151
Rifampicin quinone 200 mg 190148
Sodium cromoglicate 100 mg 188140
Sulfamethoxazole 100 mg 179082
Suifamathoxypyridazine 100 mg 178079
Sulfanilamide 100 mg 179094
Suifasalazins 100 mg 191155
Testosterone propionate 100 mg 167036
Tetracycline hydrochioride 200 mg 180095
Thipacetazone 100 mg 171046
4 .4'-Thiodianiline 50 mg 183116
Thyroxine sodium see Levothyroxine sodium
Tolbutamide 100 mg 179086
Tolnaftate 100 mg 176074
Trimethadione 200 mg 185125
Trimethoprim 100 mg 179093
Trimethylguanidine sulfate 100 mg 172059
Tubocurarine chioride 100 mg 170037
Vitamin A acetate (solution) see Retinol acetate
Warifarin 100 mg 168041
Zuglomifens 50 mg 187137

(*) About 9 mg in 250 mg oil per capsule
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AEPENDIX 2
STABILITY TESTING

The stability on storage of the International Chemical Reference Substances is monitored
by regular re-examination of the substances held in stock at the Centre. The results obtained for the
substances re-examined in 1992 are summarized below. For comparison results obtained at eariier
occasions are included in the summaries. The substances have been stored in tightly closed
containers at +5 °C and in a ralative humidity of about 30%. The following abbreviations are used in

the tables:

DSC Differential Scanning Calorimetry

DTA Differential Tharmal Analysis

HPLC High Performance Liquid Chromatography
IR Infrared Spectrophotometry

KF Karl Fischer titration

LOD Loss on drying

TLC Thin-layer Chromatography

PSA Phase Solubility Analysis

TGA Thermogravimetric analysis

The estimates of total impurities by HPLC and by TLC are expressed as area per cent (area %), if not
otherwise stated; by DSC and by DTA as mole per cent (mole %), and by PSA as waeight per cent (w/w
%). LOD and TGA (loss of weight) are expressed as weight per cent (w/w %). Assay values are
calculated with reference to the dried or the anhydrous substance unless otherwise stated,

More detaiis about the analytical methods used can be obtained from the Centre.

o . | No 274003
Initial analytical report: WHO/PHARM/75.485, Appendix 6

Examination year:; 1974 1978 1981 1982 1984 1989 1992
KF, % 13.9 - 13.9 13.5 13.3 - -
TGA, % - - . - - 13.9 13.8
HPLC, % - 0.3 0.8 0.3 0.9 0.3 0.3
Assay, % (mercurimetric) - - - - 94.6 - 98.8
Degradation products, %

{mercurimetric) - - - - 0.9 - 0.7
Assay, % (penicillinase) 98.5 - 29.0 - - - -
PSA, % 1.0 - . - - - -

pH, 0.25% selution 5.1 - 5.1 5.1 5.1 - -
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Ghioramphenicol, Control No 486004

Initial analytical report: WHO/PHARM/87.532, Appendix 8

Examination year: 1986 1992

IR conforms -

TLC, % 0.2 -

HPLC, % 0.2 0.3

TGA, % - <0.1

LOD, % 0.05 -

Assay, % (spectrophotometric) 99.8 100.0

DTA, % 0.2 -

DSC, % - 0.3 Q
Chi henical palmi Control No 286072

Initial analytical report: WHO/PHARM/87.532, Appendix 9

Examination year: 1986 1392
IR conforms conforms
TLC two secondary -
spots
HPLC, % 3.1 3.1
TGA, % 0.1 <0.1 ¢
KF, %a 0.2 <0.1
.OD, % «(0.1 -
Asgsay, % (spectrophotometric) 100.2 100.0
DTA, % 27 -
DSC, % 2.7 2.2
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hlgrampheni 7
Initial analytical report: WHO/PHARM/75.485, Appendix 10
Examination year: 1974 1992
R conferms conforms
TLC two sscondary -
spots
HPLC, % - about 2
TGA, % - 0.1
KF, % - <0.1
LOD, % 0.26 -
Assay, titration, % 100.9 -
Assay, % (spectrophotometric) - 100.0
DSC, % 0.6 0.7
PSA, % about 0.5 -
Cortisone acetate, Control No 167006
Initial analytical report: WHO/PHARM/67.441, Appendix 1
Examination year: 1966 1975 1984 1992
R conforms - - -
TLC three sec. two sec. three sec. -
spots spots - spots

HPLC, % - - 0.3 0.3
TGA, % - - - 0.1
KF, % - - - 0.2
LCD, % <0.1 0.2 - -
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Digitoxin. C | No 277010
Initial analytical report: WHO/PHARM/78.494, Appendix 7

Examination year: 1977 1987 1982
(] conforms - -
TLC, % 0.2 <0.1 0.3
HPLC, % <0.1 0.1 0.5
TGA, % - - 0.6
LOD, % 0.6 0.6 -
Assay, % (spectrophotometric) 99.7 100.7 100.7
Digoxin. G No_S870

Initial analytical report WHOQ/PHARM/88.537, Appendix 10

Examination year: 1987 1892

IR conforms -

TLC, % three sec. three sac.
5pots spots

HPLC, % 1.4 1.4

TGA, % 0.15 0.13

KF, % 0.16 .

Assay, % (spectrophotometric) 98.7 99.8
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Initial analytical report; WHO/PHARM/81.508, Appendix 9
Examination year: ' 1980 1985 1992
R coniprms - -
TLC two sac. - -
HPLC, % 0.7 0.4 0.4
TGA, % - - about 4
KF, % . 3.9 4.0
LOD, % 0.15 - 3.1
Eluorouragil. Control No 184122

Initial analytical report: WHO/PHARM/85.517, Appendix 8

Examination year: 1984 1992

R conforms -

TLC no sec. -
spots

HPLC, % 0.03 0.04

TGA, % - «0. 1%

LOD, % <(.1 -

Assay, titration, % 100.9 -
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Eurosemide, Control No 171044
Initial analytical report: WHO/PHARM/71.464, Appendix 6
Examination year: 1971 1976 1985 1992
iR conforms - conforms -
TLC no sec. one sac. no sec. -
spots spot spots

HPLC, % - - - 0.03
TGA, % - - - 0.1
LOD, % 0.1 «f).1 0.2 -
Assay, titration, % 99.4 100.1 - -
PSA, % <().5 - - -
Initial analytical report;: WHO/FPHARM/80.504, Appendix 9
Examination year: 1979 1g82
IR conforms -
TLC, % one sec. one sac.

spot spot
TGA, % ' - 7.6
KF, % 7.1 -

Assay, titration 99

vy




WHO/PHARM/93.564

page 19
Methyidopa, Controt No 179084
Initizl analytical report: WHO/PHAFRM/80.504, Appendix 10
Examination year: 1979 1984 1982
R conforms - -
TLC, % 0.2 one sec. 0.1
spot

HPLC, % <0.2 0.2 0.1
TGA, % - - 11.7
KF, % 115 11.5 -
Assay, titration, % 99.7 - -
Phenytoin, Control No 179089
initial analytical report: WHO/PHARM/80.504, Appendix 13
Examination year: 1979 1985 1992
iR conforms - -
HPLC, % 0.02 - 0.02
TGA, % - - 0.1
KF, % - - 0.1
LOD, % <0.1 0.2 -
Assay, titration, % 100.1 - -
DTA, % 0.2 0.3 -

- <0.1

DSC, % -
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APPENDIX 6

INTERNATIONAL CHEMICAL REFERENCE SUBSTANCES - PROJECT LIST 1993

The following additional International Chemical Reference Substances are required to suppont
specifications in the third edition of the International Pharmacopoeia:

Yolume 3

Calcium folinate (*) Neomycin B sulfate (*)

Doxorubicin hydrochloride (impurity in Neomycin sulfate)
Fludrocortisone acetate Nifurtimox

Gentamicin sulfate (*) Noroxymorphone hydrochloride ()
Hydrocortisone sodium succinate {(impurity in Naloxone hydrochloride)
{~)-3-(4-Hydroxy-3-methoxyphenyl)-2-hydra- Paromomycin sulfate
zino-2-methylalanine (impurity in Carbidopa) ()  Praziquantel

Levonorgestrel Prednisalone sodium phosphate .’
Liothyronine Spectinomycin hydrochloride ()}
(impurity in Levothyroxine sodium) Sultagetamide

Loperamide hydrochloride (*) Testosterong enantate

Methotrexate Vincristine sulfate (*)

Neamine (*)

(impurity in Neomycin suifate)

(*) Denotes that work on the substance is in progress at the Centre.
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APPENDIX7

AMODIAQUINE HYDROCHLORIDE
Control No 192160

Analytical Report

INTENDED USE

The monograph for Amodiaquine hydrochioride in the International Pharmacaopoeia 3rd Ed.
Vol 2 requires a reference substance for amodiaguine hydrochlaride to be used in the infrared spectro-
photometric identity test. Further the monograph for Amodiaguine in volume 3 requires a reference
substance for amodiaquine hydrochiotide to be used in the infrared spectrophotomettic and in the thin-
layer chromatographic tests for identity, as well as in the spectrophotometric assay.

M 1A

About 100 g of the sample (manufacturers lot no 18381 R) were received at the WHO Centre in
October 1989, The material is being stored in tightly closed containers at + 5 °C, protected from iight.

This raferance substance has been evaluated in collaboration between the WHO Centre in Stockhoim
and the National Biological Standards Laboratory, Canberra, Australia. Results reported by the NSBL

are indicated with an asterisk {*).
A ICA T

Description: A yellow, crystalline powdaer.
EVIDENCE OF CHEMICAL STRUCTURE
Infrared spectrum

An infrared spectrum of amodiaquine hydrochloride is given in Figure 1 (Control No 192160). The
spectrum is concordant with the spectra of the USP reference standard Lot G and the BP CRS Lot

1585,
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Figure 1.  IR-spectrum of 1.25 mg of amodiaguine hydrochioride Control No 192160 in 300 mg KBr
recorded against 2 KBr disc.
Instrument: Perkin-Elmer 1600 FTIR.

The spectrum obtained from the free base of amodiaguine hydrochloride is given in Figure 2. The
spectrum is concordant with the spectrum of amodiaquine published in AQAC (1972). The base was
prepared by dissolving 20 mg of amodiaquine hydrechloride, ICRS in 10 mi of water in a separator.

1 ml of ammonium hydroxide was added, and extraction with 25 ml of chioroform was performed.

The chloroform extract was evaporated and dried at 105 °C.
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Figure 2.  IA-spectrum of 2 mg of amodiaquine base in 300 mg KBr recorded against a KBr disc.
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(")nfrared spectrum

An infrared spectrum of the material, using ATR (attenuated total reflexion) was recorded on & Perkin-
Elmer 683 Infrared Spectrophotometer. The spectrum was concordant with the spectrum obtained from
the current TGAL reference spectrum.

UV-spectrym

A UV-spectrum in 0.1 M HCl is given in Figure 3.
Amaxin 0.1 MHClis 223 nm and 342 nm.
A {1%, 1 cm) = 410 at 342 nm {n= 6, RSD= 0.2%)

The result is caiculated on the anhydrous substance.
The USP reference standard Lot G has an A-value of 411 at 342 nm and BP CRS Lot 1585 has an A-

value of 410 at 342 nim.

ABS

1.0000 - E
=
o0
[=Y]
o
0.5000 -
0. 0 . . . . .
000 250¢.00 350.00 450,00
MM

~—— Amodiaquine HC1 2

Figure 3.UV-spectrum of amodiaquine hydrochloride Control No 1921 60 15.2 pgsmiin 0.1M HCI.

(")V-specirum

A UV-spectrum in 0.1 M HCI was recorded.
UV-maxima were observed at 201 nm, 223 nm, 237 nm and 342 nm.
A (1%, 1 cm) = 407 at 342 nm (n= 2). The result is calculated on the anhydrous substance.
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("Mass spectrometry

Examined as amodiaquine base using electron ionisation (El).The mass spectrum was concordant
with a reference spectrum of amodiaquine (Wiley reference spectral data base).

ASSAY

- 99.9% when determined against the BP CRS lot 1585 according to the
method described above under UV-gpectrum. The BP CRS was found 10 be the purer substance when
axamined by chromatographic methods.

(*YTitrimetric_assay: 100.7% when determined by non-agquecus titration according to BP 1988.

Thermogravimetric analysis: When heating the substance to 150 °C a loss of weight of 7.9% was
observed,

instrumant: Parkin Elmer TGA 7 Thermogravimettic analyzer.
Sample weight: 3mg

Heating rate: 5°C

Meiting point: about 150 °C

(*\Water content: 8.2% (n= 5) RSD= 0.8% when determined by Karl Fischer titration.
Water; 8.0% (n= 2) determined by Karl Fischer titration.

PURITY

Thin-layer chromatography

The total amount of imputities was estimated to about 0.6 %.

The following thin-layer chromatographic system according to the internationatl Pharmacopoeia 3rd
Ed. Vol 3 was used.

Thin-layer: Silica get 60 F-254 and Silica gel 60 HPTLC (Merck)
Eluant : Chlorofarm saturated with ammonia : dehydrated ethano! (99%) (90:10)
Sample: 150 ug of amodiaguine hydrochloride were applied.

The sample was dissolved in chloroform.

Vicualization:  Evaluation under UV-light of 254 nm and scanning by densitometry at 254 nm,
228 nm and 340 nm with a Desaga CD 60 Scanner.

Three secondary spots were detected visually at 254 nm. When evaluated by densitometry four
secondary spots were detected. The total amount was estimated to about 0.6% at 228 nm and 254 nm.
The detection limit of the system was about 0.2 pg (0.15%) at 254 nm.

Rf {amodiaguine hydrochloride) = 0.65. One of the impurities was identified as 4-(7-chloro-4-quinolyl-
aming)phenal hydrochloride with Rf= 0.3.

in the USP reference standard Lot G about 1% impurities were detected. The amount of impurities
tound in BP CRS lot 1585 was 0.2%.




WHO/PHARM/93.564
page 25

(")Thin-laver chromatography

The total amount of impurities was estimated to less than 0.5%.
The following thin-iayer chromatographic system used was according to BP 88 and USP XXIl.

Thin-layer: Silica gel G

Eluent : Chloroform:butane-2-one:diethylamine (50:40:10)
Sample: 200 ng of amodiaquine hydrochloride were applied.
Visualization:  Evaluation under UV-light of 254 nm.

The principal spot was observed at Rf= 0.55. One impurity was observed at Ri= 0.09 and it was
estimated o be less than 0.5%.

o Higt E liguid ¢! :
The total amount of impurities was estimated by peak area measurement to about G.3%.
A chromatogram is shown in Figure 4.
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Sigure 4. Chromatogram of amodiaquine hydrochioride Control No 182160 monitored at 344 nm
and 224 nm.

The following conditions were used:

Eluent: Acetonitrile:water containing 1% triethylamine and pH adjusted to 2.8 with phosphoric acid.




WHQO/PHARM/S3,564

page 26
The following gradient was used : Time (minutes) % Acetonitrile % Water
0 15 85
25 30 70
27 30 70
28 15 85

Column: RP-18, 5 um (Brownlee Labs)

Detector: Varian Polychrom operated at 344 nm and 224 nm.
Pump: Waters 600 operated at a flow rate of 1.0 ml/min.
Integrator: PeakPro (Beckman)

Sample: 1 mg/ml dissolved in the eluent.
20 pi corresponding to 20 ug were injected.

When monitored at 344 nm and 228 nm 0.3% impurities were found. The main impurity eluting at
about 21 minutes was identified as 4-(7-chloro-4-quinolylamino)phenol hydrochloride and estimated
to be 0.23%.

The detection limit for amodiaguine hydrochloride was 0.0002 pg injected (0.001%).

The USP reference standard lot G was also investigated. It was shown to contain about 0.6%
impurities. The BPCRS lot 1585 contained only 0.1% impurities.

{")Hi rform liguti r

The total amount of impurities was estimated by peak area measurement to about 0.4%.
One impurity eluting after the main peak was detected. Its UV-speetrum was similar to that of amodia-

quing, with maximum at 222 nm.
The following conditions were used:

Eluent: Acetonitrile:0.05 M KHoPO4 (15:85)

Column:  Spherisarb 5C8 (Phenomenex)

Detector: Diode array (LKB 2140) menitored at 222 nim.

Flow rate; 2mi/min
Dl _ .

The chromatographic system was also evaluated with a Varian 9065 Polychrom detector. The first
chromatographic system described above was used. UV-maxima for amodiaquine hydrochioride and
three impurities were found at 224 nm and 344 nm when recordad in the eluent. Both wavelengths can
be used for purity determinations, due to higher sensitivity, 224 nm is the first choice.

DATA GIVEN BY THE MANUFACTURER

Identification: Conforms with specified tests
Watar: 8.3%
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Assay: 99.61% amodiaquine hydrochloride on the anhydrous basis, determined with spectro-
photometric method, according to USP.
Purity: < 0.3% 4-hydroxy-7- chloroquincline

< 0.2% 4-(7-chlora-d-quinolylamino)phanol
4,7-dichloroquinoline not found
4,5-dichloroquinoline not found

Diethylaminomathyi-4-aminophenol.0.004%

Heavy metals:< 10 ppm

Iron: 4 ppm

pH in 2% solution in water: 4.1

Chromatographic purity: conforms with USP method.

STARILITY.

No special stability studies were performed as this substance was found to be resistant o
degradation in dry state under the conditions described in WHO/PHARM/86.529. Regular re-examina-
tions of the ICRS will be performad.

CONCLUSION

Amodiaquine hydrochloride, Control No 192160, can be considered suitable as International
Chemical Reference Substance for the intended purpose. When calculating results of assays
according to the monograph the content of CagHp2CINZO (amodiaquine hydrochleride) is taken to be
99.9% calculated with reference to the anhydrous substance (corresponding to 91.9% when
calculated on an "as is" basis).




WHO/PHARM/93.564

page 28
APPENDIX 8
BACITRACIN ZINC
Control No 192174
Analytical Report
INTENDED USE

The menographs for Bacitracin and Bacitracin zinc in the International Pharmacopoeia 3rd Ed.
Vol 3 require a reference substance for bacitracin zine to be used in the thin-layer chromatographic
identity tests.

MATERIAL

About 334 g of the sample (manufacturers batch no 9332-P887) were received at the WHO
Centre in October 1987. The material is being stored in tightly closed containers at + 5 °C, protected
from fight.

ANALYTICAL DATA

Composition: Bacitracin zinc is a mixture of substances praduced by the licheniformis group of Bacillus
subtilis. The main component is bacitracin A,

Description: White to paie brownish yellow powder.

EVIDENCE QF CHEMICAL STRUCTURE
Infrgred spectmim

An infrared spectrum is given in Figure 1 (Control No 192174). The spectrum is concordant with the
spectrum obtained from the spectra of the USP reference standard lot L and the 2nd International

gical St:;dard.
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Figure 1.  IAR-spectrum of 1.4 mg of bacitracin zinc Control No 192174 in 300 mg KBr recorded
against a KBr disc.
Instrument: Perkin-Eimer 1600 FTIR.
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A UV-spectrum in water is given in Figure 2.
A max in water is 254 nm.
A{1%, 1em) = 29.3 (n=15, RED=1.4%)

ABS
1.0000 5

254 mm

0.5000 A

0.0000 T T T T T T T T T )
200.00 220,048 240.00 260.00 280.00 300.00

NM
Figure 2. UV-spectrum of bacitracin zinc Control No 192174 (215 ug/ mi).

The USP reference standard Lot L has an A-value of 28.1 and the 2nd International Biclogical
Standard has an A-value of 31 when measured at 254 nm. The USP reference substance differed
from the two others by giving an opalescent solution, possibly due to some insoluble impurities or just
a result of the low solubility of bacitracin zinc in water,

All results are calculated on the dried substances.

Zing: 4.9% determined by titration with EDTA.
Thin-layer chromatography

The following thin-layer chromatographic system according to EP 2nd Ed. was used.
In addition to the main spot five additional spots were observed. The same result was observed for

USP reference standard fot L and the 2nd International Biglogical Standard.
Thin-tayer:  Silica gel 60 F-254 (Merck).
Eluent: Water:phenol (25:75). The phenol used was phenol liquefied 90%, Fisher.

Sample: 100 ug of were applied. 5 mg of the substance was dissolved in a mixture of 0.5 mi of
' hydrochioric acid and 0.5 mi of water. It was heated in a sealed tube at 135 °C for five
hours and evaporated to dryness on a waterbath, After application of sample spots, the

plate was left for 12 hours in the vapour of the eiuent, without having contact with the

eluent.




WHO/PHARM/93.564
page 30

Visualization: The plate was dried at 105 °C and sprayed with ninhydrin soiution. Finally it was
scanned at 510 nm.

The result is given in Figure 3.
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Figure 3. Thin-layer chromatogram showing the zones obtained for bacitracin zinc Control No
192174, USP Iot L and the 2nd International Biological Standard.

ASSAY

Microbiological agsay: 62 IU/mg. The 2nd Int. Biol. Stand. with a dectared content of 74 IU/mg was
used as standard.

Thermoaravimetric anaiysis: When the substance was heated to 200 °C a loss of weight of 4.1% (n=5)
was observed.

Instrument: Perkin Eimer TGA 7 Thermogravimetric analyzer.
Sampie weight: 3mg
Heating rate: 10 °C

Melting temperature: about 245 °C (decompaosition)
Water: 2.7% determined by Karl Fischer titration.
PURITY

Bacitracin E_and related substances: Ratio 0.1. Determined accarding to Ph. Int. by UV-gpactrophoto-
metry. The ratio between the absorbance at 280/252 nm must not exceed 0.15.

For the USP reference standard lot L, a ratio of 0.14 was obtained.

Thin-layer chromatography

The following thin-layer chromatographic system according to Ph. Int. Ed. 3 was used.

In addition to the main spot four additional spots were observed. The same result and the same Rf-
values for the main spots were obsetved for USP reference standard lot L and for the 2nd International
Biological Standard. It is recommended that the liquid chromatographic method given below should
be used to obtain a more selective punty method.
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Thin-layer:  Silica gel 60 F-254 (Merck).
Eluent: Butanol:waterpyridine:glacial acstic acid:ethanol 95% (60:10:6:15:5)
Sample: 100 ug were applied. "l"hel sample was dissolved in a solution containing EDTA (10g/M).

Visualization: The plate was dried at 110 °C for ten minutes and sprayed with nintrydrin solution.
Finally it was scanned at 410 nm whers the sensitivity was greater than at 510 pm.

Rt (bacitracin) = 0.2

High performarce liquid chromatography

The total amount of bacitracin A in the bacitracin complex was found to be about 50% when
chromatographed at 210 nm, and estimated by peak area measurement.

A chromatogram is shown in Figure 4. Thirteen further peaks were detected, indicating the complexity
of this substance, five of these peaks are present in large amounts, i.e. 3-15%.
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Figure 4. Chromatogram of bacitracin zinc, Control No 192174 chromatographed at 210 nm
with eluent 1.

The 2nd International Biological Standard (1964) was also investigated it contained about 70%
bacitracin A. The USP reference standard lot L contained about 55% of bacitracin A.

To estimate the potential. degradation product bacitracin F, which is more strongly bound to the
column, an eluent containing more methanol was used. About 1% of bagitracin F or F related
substances were found in the proposed ICRS, compared t0 1.6% in the USP lot L and 1.4% in the 2nd
Biological standard: A chromatogram of {CRS 192174 is shown in Figure 5.
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Figure 5. Chromatogram of bacitracin zinc, Control No 192174 chromatographed at 210 nm
with aluent 2.

The foliowing conditions ware used:

Eluent 1: Methanol /sodium phosphate buffer pH 2.0 (51/49) for determination of related substances
Eluent 2: Methanol /sodium phosphate buffer pH 2.0 (59/41) for determination of bacitracin F and F

related substances.

Column:  Vydac C18 TP 54 (pore size 300 A, C18 -column)
Detector:  Varian UV 200 operated at 210nm (and 254 nm)
Pump: Varian 5500 operated at a flow rate of 1 mi/min
Integrator: PeakPro (Beckman)

Sample: 1 mg/mi, first dissolved in the buffer of the eluent followed by addition of methanol. 20 ul of
the sample was injected.

Diode- etacti

The chromatographic system was also evaluated with a Varian 9065 Polychrom detector. The same
chromatographic systems as described above were used. UV-maxima for bacitracin A were found 10
be at 195 nm and 249 nm. The spectra of the most significant impurities observed when using eluent 1
showed the same UV-maxima. With the exception of the first peak eluting at about 3 minutes (cf Fig. 4)
which showed a slightly different spectrum with maxima at 185 nm, 263 nm and 344 nm. The UV-
spectrum for bacitracin A in eluent 1 is given in Figure 6.
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Figure 6. UV-spectrum for bacitracin A in eluent 1.

An attempt was aiso made to try to identify bacitracin F and its related substances. A spectrum, which
is given in Figure 7, was taken for the peak indicated as bacitracin F (cf Fig. 5). it exhibits a different UV-

spectrum with 2 maximum at 292 nm.
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Figure 7. UV-spectrum for bacitracin F {or to F related substances) in eluent 2.
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DATA GIVEN BY COLLABORATING LARORATORIES

EPCRS Batch 1 Results from 1987.

Microbiological assay: 63.1 {U/mg (coliaborative study)
TLC: Identity complies

Bacitracin F and related substances: Complies 0.105
Zn: 4.9%

L.OD: 0.6%

DATA GIVEN BY THE MANUFACTURER

Values reported 1984

Bacitracin F and related substances: 0.09
Zn: 4.8% by AAS

LOD: 3.0%

Assay: 69.2 lIL)/mg

KF: 2.8%

STABILITY

Stability in dry state:

Bacitracin zinc was exposed to air at different relativa humidities at room temperature (about 20 °C) for
a pericd of 8 weeks as described in WHO/PHARM/82.509, Bacitracin zinc is hygroscopic. After one
month it had gained between 1.6% to 20% in weight, when stored at 11% RH 10 98% RH. The gain in

weight may have occured already after a few days.

The samples were analyzed by the liquid chromatographic method described above. No signs of
degradation were observed in any of the samples.

Stability in solution:

According to Florey Volume 9, Bacitracin F is a degradation product of bacitracin. To identify the
retantion time of bacitracin F in tha liquid chromatographic system used a sample of the proposed
ICRS was "stressed” in a buffer solution of pH 11 and stored at 60 o for at least 24 hours. The main
degradation product which elutes at about 24 minutes (Figure 5) accounts for about 7% of the
composition after 24 hours. The spectrum of the peak recorded by the diode array detector exhibited a
spactrum different to that of bacitracin A, with an absorbance maximum at 292 nm. This indicates that

the degradation product is bacitracin F or a related substance.

CONCLUSION

Bacitracin zing, Controi No 192174, can be considerad suitable as Internationai Chamical
Reference Substance for the intended purpose.
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BECLOMETASONE DIPROPIONATE
Control No 192175
Analytical Report

INTENDED USE

The monograph for Beclometasone dipropionate in the Internationat Pharmaccpoeia 3rd Ed.
Vol 3 requires a reference substance for beclometasone dipropionate to be used in the infrared
spectrophotomettic and thin-layer chromatographic tests for identity as well as in the spectrophoto-
metric assay.

MATERIAL

About 20 g of the sample (manufacturers batch no 89/26, EPCRS Lot 1) were received at the
WHO Centre in October 1990. The material is being stored in tightly closed containers at + 5 °C,
protected from light.

ANALYTICAL DATA

Description; A white, crystalline powder.
EVIDENCE OF CHEMICAL STRUCTURE
Infrared specirum

An intrared spectrum is given in Figure 1 (Control No 192175). The spectrum is concordant with the
spectrum of the USP reference standard Lot H.
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Figure 1.  /A-spectrum of 1.45 mg of beclometasone dipropionate Control No 192175 in 300 mg KBr

recorded against a KBr disc.
Instrurnent: Perkin-Elmer 1600 FTIR.
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UV-spectoum

A UV-spectrum in methanol was recorded. A maximum was found at 239 nm.

A (1%, 1 cm) = 297 determined at 239 nm (n= 6 RSD= 0.4%).
The rezult is calculated with reference to the dtied substance.
The A-value for the USP reference standard lot H was found to be 296.

ARS
0.7500
=
=
e}
[ ]
o
0.2500
250 .00 ' 350.00 ' 450.00

NM

—— EURRENT

Figure 2.UV-spectrum of beciometasene dipropionate Control No 192175 18 ug/ml in methanol.

ASSAY

Spectrophotometric assay: 99.8% (n= 7, RSD= 1.3%) caiculated with refarence 10 the dried substance.
The USP raference standard lot H was used as standard and regarded as 100%. The determination is
done by the blue tetrazolium method according to Ph. Int. 3rd Ed. Vol 3.

Thermogravimelric anaiysis: When the substance was heated 1o 105 *C a loss of 0.3% of weight was
obsearved.

instrument: Perkin Elmer TGA 7 Thermogravimetric analyzer.
Sample weight: 3mg
Heating rate. 5 °C/min

Decomposition temperature:  about 210 °C
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Thin-layer chromatography

System 1.

Six secondary spots were found in UV-light by scanning.
The foilowing thin-layer chromatographic system was used according to the international Pharmaco-

poeia 3rd Edition Vol. 3 page 39 under test for related substances.

Thin-layer:
Eluent:

Sample:

Visualization:

Silica get 60, F-254 (Merck).
Dichloroethane:Methanol:Water (95:5:0.2)

100 pg of beclometasone dipropionate were applied.
The sample was dissolved in chioroform:methanol (9:1).

UV-light of 254 nm, evaluation by densitometry at 239 nm and spraying with blue
tetrazolium/ethancl TS followed by heating to 105 °C and examination in day-iight. Four
secondary spots were found in UV-light at 254 nm, when scanned at 239 nm two further
spots were observed giving a total number of six spots. After spraying 4 spots were

detected.

Rf (beciometasone dipropionate) = 0.25
Rf (becilometasone 17-propionate) = 0.06
Rf (beclometasone 21-propionate) = 0.12

Beclometasone dipropionate USP Iot H was also tested, and two secondary spots were found. In
BPCRS 1637 five secondaty spots were found.

Systemn 2:

The following thin-layer chromatographic system was used according to the the European Pharma-
copoeia 2nd Edition page 654 under identification.

Thin-layer:
Eluent:

Sample:

Visualization:

Sllica gel 60, F-254 (Merck).
Dichloromethane:Ether:Methanol:Water (77:15:8 :1.2 )

100 ug of beclometasone dipropionate were applied.
The sampie was dissolved in chloroform:methanol (9:1).

UV-light of 254 nm, evaluation by densitometry at 239 nm and spraying with blue
tetrazolium/ethanol TS followed by heating to 105 °C and examination in day-light. One
secondary spot was found in UV-light at 254 nm, when scanned at 239 nm two further
spots were cbserved giving a total number of three spots. The total amount was
estimated to 0.3%. After spraying three spots ware detected. For purity determinations
system 1 is preferred since it gives better separation. However fiquid chromatography is
superior for purity determinations.

Rf (beciometasone dipropionate) = 0.6
Rf (beclometasone 17-propionate) = 0.3
Rf (beclometascne 21-propionate) = 0.5
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Beclometasone dipropionate USP lot H was also tested, and about 0.1% impurities were found. In
BPCRS 1637 about 0.2% impurities were found.

High pert . [

The totai amount of impurities was estimated by peak area measurement to be about 1,5%. Six
extra peaks were observed. None of them corresponded to beclometasone 17- or 21-propionate
which eluted at 18.2 and 16.1 minutes respectively.

A chromatogram is shown in Figure 3.
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Figure 3. Chromatogram of beclomatasone dipropionate, Contral No 192175.
The foilowing conditions were used:

Eluent: Haxane Dichloromethane:Methanol:Water (70.3:23.3:6.3:0.1)
Column: Spherisorb S5W, silica.

Detector: Varian 9065 Polychrom detector, operated at 239 nm.

Pump: Waters 600 operated at a flow rate of 1mt/min.

Integrator: PeakPro {Beckman)

Sample: 1 mg/ml disscived in the eluent.
20 pl corresponding to 20 ug were injected.
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The detection limit for beclometasone dipropionate was about 0.002 pg (0.01%).
A comparison was ajso made with USP RS lot G which contained about 0.2% impurities and BPCRS

1637 which comained about 1.5% impurities. ‘

Diode: etect

The chromatographic system described above was ailso evaluated with a Varian 9065 Folychrom
detector. UV-maxima in the eluent were recorded for beclometasone dipropionate and for 4 extra
peaks. All UV-maxima were found to be 234-239 nm. This indicates that 239 nmis a suitable detection
wavelength for the determination of impurities in beclometasone dipropionate. The major impurity
eluting at about 5.6 minutes showed a different UV-spectrum with a second maximum at about

280 nm.

DATA GIVEN BY THE MANUFACTURER

Values reported in 1990.
Specific absorbance 1%, 1 cm at 238 nm 295

Abscrbance ratio 238/263 nm 2.36
Related foreign steroids complies
LOD 0.16%
Melting point 211 °C
Sulfated ash nil
Specific optical rotation at 25 °C +92°
Assay, HPLC, % w/w 99

DATA GIVEN BY COLL ABORATING LABORATORIES
The rasuits were reported 1990,

EPCRS

IR: complies with BP standard

TLC: identity compiies

Colour reaction: complies

Specific absorbance: 280

HPLC related substances: 0.56% -1.4%
LOD: 0.27%

Optical rotation: + 91.4°

Assay spectrophotometric: 98.3%,102.0%, 98,8% (BPCRS as standard)
DSC: 212.8 °C melting point, uncerracted
PSA: 1.7% (decompasition 7)

STABILITY

No special stability studies were performed as this substance was found to be resistant to de-
gradation in a dry state under conditions described in WHO/PHARM/86.529. Reguiar re-examinations

of the ICRS will be performed.

CONCLUSION

Beclometasone dipropionate, Control No 192175, can be considered suitable as international
Chemical Reference Substance for the intended purpose. When calculating results of assays
according to the monograph the content of CagH37CI07 (beclometasone dipropionate) is taken to be
99.8% calculated with reference to the dried substance (corresponding to 98.5% when calculated on

an " as is” basis).
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APPENDIX 10
DEXAMETHASONE PHOSPHORIC ACID
Control No 192181
Analytical Report
INTENDED USE

The monograph for Dexamethasone sodium phosphate in the International Pharmacopoeia 3rd
Ed. Vol 3 requires a reference substance for dexamethasone sodium phosphate to be used in the thin-
layer chromatographic test for identity. Dexamethasone sodium phosphate is & very hygroscopic
substance. Therefore. it is recommended that if a reference substance is required, for example for
assay purposes, rather to use dexamethasone phosphoric acid ICRS, which is less hygroscopic and
easier to handie.

MATERIAL

About 5 g of the sample (manufacturers batch no L-579, 423-0005023) were raeceived at the
WHO Centre in March 1993, The material is being stored in tightly closed containers at + 5 °C,
protected from light.

ANALYTICAL DATA

Description: A white, crystalline powder.
EVIDENCE OF CHEMICAL STRUCTURE
Infrared spectrum

An infrared spectrum is given in Figure 1 (Control No 192161). The spectrum is concordant with the
spectrum obtained with the USP reference standard dexamethasone phosphate acid Lot | and with a
test sample of another batch of dexamethasone phosphoric acid from the same manufacturer that
supplied the ICRS.
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Figure 1.  IR-spectrum of 1.4 mg of dexamethasone phosphoric acid Control No 192161 in 300 mg
KBr recorded against a KBr disc.
Instrument: Perkin-Eimer 1600 FTIR.
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The spectra of dexamethasone sodium phosphate, dexamethasone phosphotic acid and dexametha-
sone, respectively, differ significantly for exarmpie at 1000 cm-1 and 1100cm-1. Thus IR is preferred to
TLC, since TLC cannot distinguish betwean the dexamethasone sodium phosphate and dexametha-

sone phosphoric acid.

UV:specirum
The UV-spectrum was recorded in water. A maximum was found at 242 nm.

A (1%, 1 em) = 336 {n= 5, RSD= 0.5%) determined at 242 nm.
The result is calculated with reference to the anhydrous substance.
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Figure 2. UV-spectrum of dexamethasone phosphoric acid Control No 192161 17.8 ug/mi in water. '

ASSAY

Spectrophotometric assay: 100.2% calculated with reference to the anhydrous substance when
determined in water against the USP reference standard for dexamethasone phosphate acid Lot |

which was regarded as 100%.

Thermogravimetric analvsis: When the substance was heated to 130 °C a loss of about 1% of weight
was observed.

Instrument: Perkin Elmer TGA 7 Thermogravimetric analyzer.

Sample weight: 1.4 mg

Heating rate: 2 °C/min

Decomposition temperature: about 180 °C




WHO/PHARM/93.564
page 42

Loss on drying: 1.0% (105 °C, in vacuo for 2 hours)

Elhanot: 0.1% determined by gas chromatography.
Water: 0.7% detarmined by Karl Fischer titration.
PURITY

hin-|
System 1:

The total amount of impurities was estimated to be approximately 0.1%.
The thin-layer chromatographic system used was according to the International Pharmacopoeia 3rd

Edition Vol. 3 page 82 under identity test.
Thin-tayer:  Silica gel F-254 (Merck)
Eluent: 1-Butanol:acetic anhydride:water {3:1:1)

Sample: 100 pg of dexamethasone phosphoric acid were applied.
The sample was dissolved in methanol.

Visualization: Spraying with 10% suiphuric acid/ethanol and visualization with ultraviolet light at
365 nm.

One secondary spot was observed close to the starting point both visually at 254 nm and at 365 nm
after spraying. No spot corresponding to dexamethasone was observed. It was confirmed by densito-
metry, at 240 nm and 365 nm. The estimated amount of the impurity was at the detection limit (0.1%).

Af {(dexamethasone sodium phosphate) = 0.5
Rf (dexameathasone phosphoric acid) = 0.5
Rf (dexamethasone) = 0.7

System 2:

The thin-layer chromatographic system used, described in the International Pharmacopoeia 3rd
Edition Vol. 3 page 94 in the test for free dexamethasone and other related substances is not
considered suitable for purity determinations as it gave rise to elongated spots. No saecondary spots

ware found.

Thin-layer:  Silica gel G (Merck).
Eluent: Methanol
Sample: 100 ug of dexamethasone phosphoric acid dissolved in methanol were appliad..

Visualization: Spraying with zinc chloride followed by heating for one hour at 125 °C.
Densitometry at 240 nm before spraying and at 365 nm after spraying.

No secondary spots were detected visually after spraying. When evaluated by densitometry, brozad

peaks were obtained due to the poor selectivity of the system. The liquid chromatographic system
described below is considered better for the determination of the content of free dexamethasone.

Rf (dexamethasone sodium phosphate) = 0.7

-}




Rf (dexamethasong phosphoric acid) = 0.7
Rf (dexamethasone) = 0.75

, : iquid I
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The total amount of impurities was estimated by peak area measurement to be approximately
0.1%. A chromatogram is shown in Figure 3. The peak eluting at 19.7 minutes was identified as
dexamethasone and estimated to be about 0.03% by peak area measurement. The same result was
obtained when it was estimated against a reference standard for dexamethasona.
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Figure 3, Chromatogram of dexamethasone phospheric acid, Control No 192161.

The following conditions were used:

Eluent: Acetonitrile: 0.01 M potassium phosphate buffer pH 4.7. To determine the amount of

dexamethasone, gradient eiution was necessary.

Time.min % Acetonitrile % buifer
0 25 75
5 25 75
15 50 50
25 50 50
Column: Spheri -5 OD-5A RP 18, Browniee Labs
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Detector: Varian 9065 Polychrom operated at 238 nm.
Pump: Waters 600 operated at a flow rate of 1ml/min
Integrator; PeakPro (Beckman)

Sample: 1 mg/mi dissolved in the eluent.
20 ul corresponding to 20 pg were injacted.

‘The detection limit for dexamethasone phospheric acid is approximately 0.1 pg/mi {0.01%).

The USP reference standard fot | was shown to contain 0.1% impurities.
Diode- Jatect

The chromatagraphic system described above was also evaluated with a Varian 9085 Polychrom
detector. The same chromatographic system as described above was used. UV-spectra were recorded
for dexamethasone phosphoric acid and for 4 other peaks. UV-maxima were found to be at 239 nm for
all peaks, indicating that 239 nm is a suitable detection wavelength for the determination of impurities
in dexamethasone phosphoric acid. A UV-spectrum for the main peak of dexamethasone phosphoric
acid, recorded in the eluent, is given in Figure 4.
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Figure 4. UV-spectrum of dexamethasone phosphoric acid recorded in the elugnt.
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RATA GIVEN BY THE MANUFACTURER

A (0.1%, 1cm) at 239 nm = 34.2

Water: 0.23%

HPLC: 99.7% by area, purity

HPLC: 101.5%, assay against a standard
Assay: 100.9% potentiometric titration
Free dexamathasone: 0.3% by HPLC
TLC: Single slongated spot

PSA: 99.8%

STABILITY.

Dexamethasone phosphoric acid was exposed to air of different relative humidity at room
temperature (about 20 °C) for & period of 2 weeks as described in WHO/PHARM/82.508. The
substance is hygroscopic. For samples stored between 55% RH to 97% RH an increase in weight
between 6-7% was observed. At humidities below 20% RH a loss of about 0.5-1% of weight was
observed. Whan the samples were analysed by the liquid chromatographic method described above,
no significant chemical degradation was observed.

CONCLUSION

Dexamethasone phosphoric acid, Control No 192161, can be considered suitable as Inter-
national Chemical Referance Substance for the intended purpose. When used in assays the content of
dexamethasone phosphoric acid is taken to be 100.0% calculated with reference to the dried
substance which corresponds to 29.0% calculated on the "as is" basis.
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APPENDIX 11
DEXAMETHASONE SODIUM PHOSPHATE
Control No 192158
Anaiytical Report
INTENDED USE

The monograph for Dexamethasone sodium phosphate in the Intarnational Pharmacopoeia 3rd
Ed. Vol 3 requires a reference substance for dexamethasone sodium phosphate in the thin-layer
chromatographic test for identity. The Centre suggests that infrared spectroscopy should rather be
used for identity as this method can distinguish dexamethasone sodium phosphate from
dexamethasone phosphoric acid. If a reference substance is needed for assay purposes it is recom-
mended to use dexamethasone phoshoric acid ICRS which is less hygroscopic and easier 10 hanale
than dexamethasone sodium phosphate.

MATERIAL

About 100g of the sample (manufacturers batch no 748 AM) were received at the WHO Centre
in July 1989. The material is being stored in tightly closed containers at + 5 °C, protected from light.

ANALYTICAL DATA

Description: A white, crystailine powder.
EVIDENCE QF CHEMICAL STRUCTURE
Infrared spectrum

An infrared spectrum is given in Figure 1 (Control No 1921358), which is concordant with that of the
EPCRS Lot no 1.

21
100.0

H1824588 5P E

T
i

o

9.0 T T T T T ¥ T T T T T T .
4403‘0 4000 3500 000 2500 auob.o 1800 1500 1400 1200 1000 800 GO0 35310
CH=1
Figure 1.  /R-spectrum of 1.38 mg of dexamethasone sodium phosphate Control No 192158 in
300 mg KBr recorded against a KBr disc.
Instrument; Perkin-Elmer 1600 FTIR.
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The spectra for dexamethasone sodium phosphate, dexamethasone phosphoric acid and dexametha-
sone, respectively, differ significantly for example at 1000 cm-! and 1100 em-1. Thus IR is preferred to
TLC sinze TLC cannot distinguish between the dexamethasone sodium phosphate and dexametha-
sone phosphoric acid, '

UV-spectrum
The UV-spectrum in water was recorded showing a maximum at 242 nm.

A (1%, 1 cm) = 291-296 determined at 242 nm with reference to the dried substance. As the substance
is hygroscopic it is very important to have refiable values for the content of water and solvents when
performing the determination of A. It is recommended that it a reference substance is required for
assay purposes, then use dexamethasone phosphoric acid ICRS, which is less hygroscopic and
easier to handla.
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Figure 2. UV-spectrum of dexamethasone sodium phosphate Control No 192158 18ug/mi in water.
Sodium: 8.3%, determined by atomic absorption spectrophotometry. -

ASSAY _
Spectrophotometric assay; 98-100% calculated with reference to the anhydrous and ethanoi-free
substance. As the substance is very hygroscopic it is difficult to determine values of water and alcohol,
it is recommend to use dexamethasone phospharic acid ICRS in assays.

Thermogravimetric analysis: When the substance was heated to 190 °C a loss of 8.0-8.5% of weight
was observad. It was difficult to perform TG-determinations on this substance as the end-point of the
curve was difficult to define. o S :
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Instrument: Perkin Eimer TGA 7 Thermogravimetric analyzer.
Sample weight: 8.7 mg

Heating rate: 0.6 °C/min

Decomposition temperature:  about 233-235 °C
Loss on drving: 9.7% (105 °C, in vacuo for 25 hours)
Ethanol ; 3.7%, determined by gas chromatography.
Water: 4.3%, detarmined by Karl Fischer titration.
PURITY

Thin-layer chromatography

System 1:

The total amount of impurities was estimated to approximately 0.6%.
The thin-layer chromatographic system used was described in the International Pharmacopoeia 3rd

Edition Vol. 3 page 92.

Thin-layer:  Silica gel G (Marck).

Eluent: 1-Butanol:acetic anhydride:water (3:1:1)

Sample: 100 pg of dexamethasone sodium phosphate dissolved in methanol were applied.

Visualization: Spraying with 10% sulphuric acid/ethanol and visualization in ultraviolet fight at
365 nm.

No secondary spots were detected visually. When evaiuated by densitometry, 3 secondary spots were
detected estimated to be approximately 0.6% at 363 nm and 0.2% at 230 nm. The principal impurities
were close to the starting point. The limit of detection of the system was about 0.1ug (0.1%) when

scannaed at 363 nm.

Rf (dexamethasone sodium phosphate) = 0.5

Rf (dexamethasone phosphoric acid) = 0.5

Dexamethasone sodium phosphate BPCRS 1281 was also tested and found 10 contain approximately
0.4% of imputities.

System 2:

The thin-layer chromatographic system of the International Pharmacopoeia 3rd Edition Vol, 3 page 94
was used as described under free dexamethasone and other related substances. This system was not
suitable for purity determinations as it gave rise {o elongated spots.

Thin-layer:  Silica gel G (Merck).
Eluent: Methanol
Sample: 100 ug of dexamethasone sodium phosphate dissolved in methano! were applied.

Visualization: Spraying with zinc chloride followed by heating at 125 °C for one hour. Densitomaetry at
240 nm before spraying and at 365 nm after spraying.
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No secondary spots were detected visually after spraying. When evaiuated by densitometry, broad
peaks wera obtained due to the poor selectivity of the system. To determine free dexamethasone the
liquid chromatographic system given below is recommended.

Rf (dexamethasone sodium phosphate) = 0.7

Rf (dexamethasone phosphoric acid) = 0.7

Rf{dexamethasone) = 0.75

Dexamethasone sodium phosphate BPCRS No 1281 and EPCRS Lot 1 were also tested but no

secondary spots were found due to the poor seiectivity of the system.

Higt ! liquid ¢! |
System 1:

The total amount of impurities was estimated by peak area measurement, 10 be approximately 1.4%.

A chromatogram is shown in Figure 3. The peak eluting at 19-20 minutes was identified as dexametha-
sone and estimated to be approximately 0.1% by peak area measurement. The same result was
obtained using a reference standard for dexamethasone.
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Fiqure 3. Chromatogram of dexamethasone sodium phosphate, Control No 192158.
The following conditions wers used:

Eluent: Acetonitrile:0.01 M potassium phosphate buffer pH 4.7. To determine the amount of dexametha-
sone gradient elution was used. '

0 20 80
10 20 80
15 50 50

25 50 50
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Column:  Spheri -5 OD-5A RP 18, Brownige Labs
Detector:  Varian UV-100 operated at 240 nm.

Pump : Varian 5500 operated at a flow rate of 1ml/min
integrator: PeakPro (Beckman)

Sample: 1 mg/ml dissolved in the eluent.
10 ul corrasponding to 10 ug were injected.

The detection fimit for dexamethasone sodium phosphate was approximately 0.5 pg/mi (0.05%).

A comparison was also made with EPCRS Lot 1 and BPCRS No 1281 which was shown to contain
0.7% and 0.4% impurities respectively.

Systeam 2 ;
The total amaunt of impurities was estimated by peak area measurement to approximataly 1.3%.

A chromatogram is shown in Figure 4. The peak eluting at 11 minutes was identified as dexametha-
sone and estimated to about 0.1%.
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Figure 4. Chromatogram of dexamsethasone sodium phosphate, Control No 192158.
The foilowing conditions were used:

Eluent: Methanol:0.75% triethylamine in water pH 5.5 {50:50)

Column;  Nova-Pak Phenyl (Waters)

Detector:  Lambda Max 481 Waters operated at 254 nm.
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Pump: Waters 600 E operated at a flow rate of 1.2 mi/min

Integrator: PeakPro (Beckman)

Sample: 0.1 mg/ml dissolved in the eluent,
20 ul corresponding to 20 ug were injected.

Diode- ctoct]

The chromatographic system described above under systam 1 was also evaluated with a Varian 5085
Polychrom detector. UV-spectra were recorded for dexamethasone sodium phosphate and for 12 extra
peaks. UV-maxima were found to be betwsen 190-195 nm and 239 nm for all peaks, indicating that
239 nm is a suitable detection wavelength for the determination of impurities in dexamethasone
sodium phosphate. The total amount of impurities was estimated to approximately 1.4% at 239 nm.
The similar resuit was obtained at 210 nm. A UV-spectrum for the main peak of dexamethasone

sodium phosphate recorded in the eluent is given in Figure 5.
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Figure 5. UV-spectrum of dexamethasone sodium phosphate recorded in the eluent.
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DATA GIVEN BY THE MANUFACTURER

EP requitements: complies
USP requirements: complies
Assay (USP): 98.8%

Water: 1.3%

Specific rotation: +79 °

pH 8.0

Alcotiol: 5.3%

STABRITY

Dexamethasone sodium phosphate was exposed to air at different relative humidities at room
temperature (about 20 °C) for a period of 8 weeks as described in WHO/PHARM/82.509. The sub-
stance was shown to be very hygroscopic. At the higher humidities a wet cake was formed. For
samples stored between 55% RH to 97% RH an increase in weight between 11-29% was found.
These changes were already noted after one day. At humidities below 11% RH a loss of weight
batwean 3-6% was observed. Samples that were analysed by the liquid chromatographic method
described as system 1, showed no significant chemical degradation.

NB ! Due to the high hygroscopicity of this substance it is considered as only suitable for identification
purposes.

Dexamethasone sodium phosphate, Control No 1921568, can be considered suitable as Inter-
national Chemical Reference Substance for the intended purpose.
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APPENDIX 12

DOPAMINE HYDROCHLORIDE
Control No 192159

Analyticat Report

INTENDED USE

The monograph for Dopamine hydrochloride in the International Pharmacoposia 3rd Ed. Vol 3
requires a reference substance for dopamine hydrochloride to be used for the infrared spectrophoto-
metric test for identity and the thin-layer chromatographic test for purity.

MATERIAL

About 100 g of the sample (manufacturers batch no 286370 290, EPCHS 1) were received at
the WHO Centre in October 1990. The material is being stored in tightly closed containers at + 5 °C,
protected from light.

ANALYTICAL DATA

Description: A white, crystalline powder.
EVIDENCE OF CHEMICAL STRUCTURE
Infrared spectrum

An infrared spectrum is given in Figure 1 (Contral No 192159). The spectrum is concordant with the
spectrum of the USP reference standard Lot F-4. ‘
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Figure 1.  IR-spectrum of 1.13 mg of dopamine hydrochloride Control No 132159 in 300 mg KBr
' recorded against a KBr disc. ‘
tnstrument: Perkin-Elmer 1600 FTIR.
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UV-spectum

The UV-spectrum in 0.1M HC! is given in Figure 2.
A max in 0.1 M HCl is 280 nm.
A (1%, 1 ¢m) = 144 at 280 nm (n=6, RSD=0.7%)

When compared to the USP reference standard Lot F-4, for which A alsoc was found to be 144 at 280
nm (n= 6, RSD= 0.5%), the proposed ICRS can be regarded as 100%.
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Figure 2.UV-spectrum of probenecid Control No 192159 20 ug/mi in 0.1M HCL.

ASSAY

Spectrophotometric agsay: 100.0% when determined against the USP reference substance lot F-4
according to the method described above under UV-spectrum.

Thermogravimetric analysis: When the substance was heated to 200 °C no loss of weight was
obsarved (<0.1%).

Instrumeant: Perkin Elmer TGA 7 Thermogravimetric analyzer.
Sample weight: 3mg

Heating rate: 10 °C

Melting point: about 241 °C

PURITY

Thin-layer chromatoqraphy

No impurities were detected. The thin-layer chromatographic system used is described in the Inter-
national Pharmacopoeia 3rd Ed. Vol 3. :
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Thin-layer:  Silica gel 60 G {Merck)
Eluent: Chloraform:methanal: 5M acetic acid (13:9:4)
Sampie: 100 pg of dopamine hydrochloride dissoived in methanc! were applied.

Visualization: Scanning by densitometry at 280 nm with a Desaga CD 60 Scanne.

Spraying with ferric chioride (50g/t): potassium ferricyanide (5094} (2:1) followed by visual examina-
tion.

No secondary spots were detected visually at 254 nm. The detection limit of the system was about
0.5ug (0.5%).

Rf (dopamine hydrochloride) = 0.4.
Higt t liquid ¢t !
No impurities were detected.

A chromatogram is shown in Figure 3.
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Figure 3. Chromatogram of dopamine hydrochloride Control No 192158 monitored at 280 nm.

The foliowing conditions were used:

Eluent: Acetonitrile: 0.04 M KHaPO4 buffer (30:70) containing 0.01M sodium lauril sulfate.
pH =5.0
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Column: RP-18, 5 um (Brownlee Labs)

Detector:  Varian UV 200 operated at 280 nm.

Pump: Vanan 5560 operated at a flow rate of 1.0 mi/min.
Integrator: PeakPro (Beckman)

Sample: 1 mg/mi dissolved in the eluent.
10 wl corresponding to 10 ug were injected.

The detection limit for dopamina hydrochloride was 0.005 mg/mi (0.05%).

Diode-array detact

The chromatographic system above was also evaluated with a Varian 8065 Polychrom detector. The
same chromatographic system as described above was used. UV-maxima for dopamine hydrochloride
were found to be at 200 nm and 280 nm when recorded in the eluent. An impurity peak eluting at 5.6
minutes was found, which UV-maxima were 190 nm and 268 nm. This impurity was estimated to be
present at 0.01% using 278 nm as the wavelength of detection. A similar result was obtained at the

detection wavelength of 200 nm.
DATA GIVEN BY COLLABORATING LABORATORIES

EPCRS

Infrared: complies

UV:A (1%, 1em) = 141

Loss on drying: 0.06% {2h, 100-105 °C)

Assay: 100.3%

Liquid chromatography: 99.5% by normalisation at 280 nm.

TLC: No imputities were detected. 4-O-methyidopamine and 3-O-methyldopamine were not found.

STARILITY

No special stability studies were performed as this substance was not suspected to degrade
easily. Regular re-examinations of the ICRS will be performed.

CONCLUSION

Dopamine hydrochloride, Control No 192159, can be considered suitable as International
Chemical Reference Substance for the intended purpose.
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APPENDIX 13

PROBENECID
Control No 192156

Analytical Report

INTENDED USE

The monograph for Probenecid in the iInternational Pharmacopoeia 3rd Ed. Vol 3 requires a
reference substance of probenecid to be used in the infrared spectrophotometric and in the thin-layer
chromatographic tests for identity. :

MATERIAL

About 100 g of the sample (manufacturers batch no 4495 P, EPCRS 1) were received at the
WHO Centre in August 1988. The material is being stored in tightly closed containers at + 5 °C,
protected from light.

This reference substance has been evaluated in collaboration between the WHO Centre in Stockholm
and the National Biological Standards Laboratory, Canberra, Australia. Results reported by the NSBL
are indicated with an asterisk (*).

ANALYTICAL DATA

Description: A white, crystalline powder.
EVIDENGE OF CHEMICAL STRUCTURE
Infrared spectrum

The infrared spectrum is given in Figure 1 (Control No 182156). The spectrum is concordant with the
spectrum of the USP reference standard Lot H.

N — ¥192156A. 59
100.0 —'I_r =2 i -

TR T v i e v s sy
a400.0 4000 300 000 500 ag00.0 ml-ﬂ(:ﬂ 1600 1400 1200 1000 B0 B0 450

Figure 1.  IR-spectrum of 1.25 mg of probenecid Control No 1 82156 in 300 mg KBr recorded against
3 KBr disc.
Instrument: Perkin-Elmer 1600 FTIRA.
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("\nfrared spectrum

The infrared spectrum of the material, using ATR (attenuated total refexion) was recorded on a Perkin
Elmer 683 Infrared Spectrophotometer. The spectrum was concordant with the BPCRS.

(")Melting point; 199 °C
UV-spectrum

The UV-spectrum in ethanol/0.1M HCI (9:1) is given in Figure 2.

A max in ethanol/ 0.1 M HCI are 250 nm and 225 nm,

A (1%, 1 cm} = 337 at 250 nm {n=12, RSD=0.8%)

A (1%, 1 em) = 320 at 225 nm (n=12, RSD=1.7%)

When compared to the USP reference standard Lot H, for which A was found to be 336 at 250 nm and
314 at 225 nm, tha proposed ICRS can be considered as 100.0%.
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Figure 2.LV-spactrum of probenecid Control No 192156 18 ug/mi in ethanol/0. 1M HCL.

(*}¥Y-spectrum

The identification test procedure of the BP 1988 was used and two maxima were observed for a
solution containing approximately 0.001% probenecid in 0.1 M HCl:ethanot (1:9).

A (1%, 1 cm} =329 at 250 nm (RS= 0.5% n= 4}

A{1%, 1 cm) = 314 at 225 nm (RSD= 1.4% n= 4)
The corresponding A-values for the BP reference substance were 328 at 250 nm and 310 at 225 nm.
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ASS5AY

Spectrophotometric assay; 100.0% when determined against the USP reference substance lot H
according to the method described above under UV-spactrum.

(" Titrimetric agsay: 100.0% (RSD 0.1%) when determined by the method described in the Inter-
national Pharmacoposia 3rd Ed. Vol 3.

Thermogravimetric _analysis: When the substance was heated to 160 °C no loss of weight was
observed (<0.1%).

Instrument: Perkin Elmer TGA 7 Tharmogravimetric analyzer.

Sample weaight: 3amg

Heating rate: 5°C

Meiting point: about 198 °C

(*)Loss on drying: No loss was detected when dried to constant wéight at 108 °C.
PURITY

Total solid | "

Differential Scanning Calorimetry (DSC): About 0.05 mol % (n= 4), RSD= 0.03%. The determination
was performed on 2 mg using a heating rate of 2 °C per minute.

Metting temperature: 197.6 °C (Twm)

Instrument: Perkin Eimer DSC 7 Differential Scanning Calorimeter.

Thin-layer chromatography

The total amount of impurities was estimated to less than 0.05%.

The following thin-layer chromatographic system used was according to the International Pharma-
copoeia 3rd Ed. Vol 3.

Thin-layer: Silica gel 60 HPTLC (Merck)

Eluent: 1-propanol:1M ammonia (15:3)

Sample: 100 ug of probenecid dissoived in ethancl:1M ammonia (9:1) were applied.

Visualization: Evaluation under UV-light of 254 nm and scanning by densitometry at 254 nm with a
Desaga CD 60 Scanner.

No secondary spots were detected visually at 254 nm. When evaluated by densitometry one vary
weak secondary spot was detected in front of the main peak, possibly criginating from the solvent. The
amount was estimated to be at about the detection limit of the system which was 0.05 ug (0.05%) at

254 nm.

Ri {probenecid) = 0.54-0.60 depending on the amount applied.
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{*}Ihin-jayer chromatography

The amount of imputities was estimated to be approximateiy 0.1%.

The following thin-layer chromatographic system used is described in the International Pharma-
copoeia 3rd Ed. Vol 3.

Thin-layer: Silica get 60 F254

Eluent: 1-propancl:1M ammonia (15:3)

Sample: 200 ug of probenecid dissolved in ethanol:1M ammonia (2:1) were applied.

Visualization: Evaluation under UV-light at 254 nm.

The principal spot was observed at Ri= 0.59. An impurity was observed at Ri= 0.68 and was estimated
to represent 0.1%. (NB | A solvent front was observed immediately after the principal spot).

High perf iquid gl |

The total amount of impurities estimated by peak area measurament was 0.15%.

A chromatogram is shown in Figure 3.

probenectd

minutes

Figure 3. Chromatogram of probenecid Control No 192156 monitored at 239 nm.
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The following conditions wera used:

Eluernt: Methanol/water (50:10)

Column: RP-18, 5 um (Brownlee Labs)

Detector: Varian Polychrom operated at 239 nm and 254 nm.
POmp:  Waters 600 operated at a flow rate of 0.5 mi/min.

Integrator: PeakPro (Beckman)

Sample: 1 mg/m! dissolved in the eluent. The solution must be freshly prepared.
10 pl corresponding to 10 ug were injected.

239 nm is the optimum wavelength for the main peak and the impurities. When monitored at 254 nm
0.08% impurities ware found, which is slightly less than at 239 nm where 0.15% were found.
The detection limit for probenecid was 0.05 pg (0.005%).

("High performance liguid chromatography

The total amount of impurities estimated by peak area measurement was 0.03%. The sample
was examined using the procedure for p-Bis(di-n-propyljcarbamyibenzenesuifonamide in the USP
XX! monograph for probenecid.

The following conditions were used:
Eluent: Methanol/water (9:1)

Columns: Waters 10 micron, C18 (3.9x300 mm) coupled to Ultratechsphere 5 micron C18
(4.6 x 250 mm)

Detector: Waters 480 operated at 214, 254 and 280 nm.
Pump: Waters 600 operated at a flow rate of 0.5 mi/min.

Sample: 5 mg/mi dissolved in the eluent.
10 ! corresponding to 50 pg were injected

Diode- etect

The chromatographic system was also evaiuated with a Varian 9065 Polychrom detector. The same
chromatographic system as described above was used. UV-maxima for probenecid and its four trace
impurities were found to be at 200 nm and 238 nm when recorded in the eiuent. The wavelength of
239 nm was chosen in the method described above as the best 10 detect impurities. At 200 nm 100
much disturbances were observed.

DATA GIVEN BY COLLABORATING LABORATORIES

EPCRS

IR: complies

TLC: complies, no impurities detected

TLG system: Acetic acid/Chloroform/Di-isopropy| etherftoluene (10:15:20:55) Silica Gel GF 234
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LOD: no loss was detacted

HPLC: 0.1% impuritios

DSC: 0.2% impurities

Melting point: 199.1 °C

UV-max: 225 and 250 nm A {1%,1 ¢cm) 250 nm = 334
NMR: spectrum corresponds to the structure

STABILITY

No special stability studies were performed as this substance was not suspected to degrade
easily. Regular re-examinations of the ICRS will be performed.

CONCIUSION

Probenecid, Control No 192156, can be considered suitable as International Chemical
Reference Substance for the intended purpose.
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APPENDIX 14

PYRANTEL EMBONATE
(PYRANTEL PAMOATE)

Controi No 182157
Analytical Report

INTENDED USE

The monograph for Pyrantel embonate in the International Pharmacopoeia 3rd Ed. Vol 3
requires a raference substance of pyrantel embonate to be used in the infrared spectrophotometric test
for identity and in the spectraphotometric assay.

MATERIAL

About 100g of the sample (manufacturers batch no 1E214-18QGS corresponding to USP Lot G)
were received at the WHO Centre in June 1987. The material is being stored in tightly closed
containers at + 5 °C, protected from light.

Pyrantel embonate consists of 34.9% of pyrantel and 64.9% of pamoic acid.

This reference substance has been evaluated in coliaboration with the WHO Centre in Stockhoim and
the National Biological Standards Laboratory, Canberra, Australia. Resuits reported by the NBSL are
indicated with an asterisk {*).

ANALYTICAL DATA

Description: A yeliow, crystalling powder.
EVIDENCE OF CHEMICAL STRUCTURE
Infrared spectrum

The infrared spectrum is given in Figure 1 (Control No 182157). The spectrum is concordant with the
spectrum of a sample of pyrantel embonate obtained from Sigma and with the spectrum published in
Dibbern.
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Figure 1.  IR-spectrum of 1.42 mg of pyrantel embonate Control No 192157 in 300 mg KBr recorded
against a KBr disc.
Instrument: Perkin-tlmer 1600 FTIR.

¢*) Infrared spectrum

The infrared spectrum of the material, using ATR (attenuated total reflexion) was recorded on a Perkin
Elmer 683 Infrared Spectrophotometer. The spectrum was concordant with & spectrum of the USP
pyrantel pameate standard.

UV-spectrum

A UV-spectrum in maethanol is given in Figure 2.

UV-max were found at 279 nm, 289 nm, 301 nm and 316 nm.

The ratio of the absorbance at 289 to that at 301 is 1.0.

A (1%, 1cm) = 329 at 279 nm (n=5 RSD=0.6%) .
A (1%, 1cm) = 379 at 289 nm (n=5 RSD=0.6%) ‘/
A (1%, 1em) = 378 at 301 nm (n=5 R5D=0.5%)

A (TOA, 1Cm) =339 at 316 nm (n=5 RSD:OS%)
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Figure 2. UV-spectrum of pyrantel embonate Control No 192157 16.5 ug/ml in methanol.

(") UV-spectrum

The identification test precedure B, according to the international Pharmacopoeia 3rd Ed. Vol 3 was
used. UV -maxima were observed at 236, 278, 289, 301 and 315 nm for a solution of 13 pg/mi in
methanol. The spectrum was concordant to that of a USP Pyrantel pamoate reference standard.

The ratio of the absorbance at 289 to that at 301 is 1.0.

A (1%, 1cm) = 365.4 at 289 nm (n= 4 RSD= 0.3%)
A (1%, 1cm) = 362.2 at 301 nm {n= 4 RSD= 0.3%)
The corresponding A-values for a USP Reference standard was 366.1 at 289 nm and 363.0 at 301 nm.

ASSAY

: 84.9% of pamoic acid when determined against a sample from Sigma.,
and 34.9% of pyrantel when determined against a Pfizer house standard with a declared content of
34.4% of pyrantel.

("\Spectrophotometric assay: 100.6% pyrantel embonate (n= 4, RSD= 0.8%). The material was
assayed using the spectrophotometric procedure of the International Pharmacopoeia 3rd Ed. Vol 2.
The USP reference standard was used for comparison.

is: When the substance was heated to 180 °C no l0ss of weight was
observed {<0.1%)

Instrument: Perkin Eimer TGA 7 Thermogravimetric analyzer,
Sample weight: 5 mg
Heating rate: 5°C
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Melting point: about 250 °C with decomposition.
("Loss.on.drving; 0.19% when dried for 3 hours at 60 °C under reduced pressure.
Loss on drving: 0.1% when dried to constant weight in vacuum at 60 °C.

PURITY

Thin-laver chromatography

No impurities were observed.

The following thin-layer chromatographic system was used according to Probl. Farm., 4, 73-9.
Thin-layer:  Silica gel 60 F-254 (Merck).

Eluent: Chloroform:methanol:acetic acid {30:7:1)

Sample: 200 ug were applied. The sample was dissoived in chioroform:methanol:ammonia
(50:50:5).

Visualization: Visual inspection and at UV 254. Due to tailing peaks it was not meaningful to scan the
plate. Pyrantel embonate and pamoic acid were not separated in this system.
Rf (pyrantel embonate) = 0.35
Rf (pamoic acid) = 0.31

(*)Ihin-layer chromatography

The total amount of impurities was estimated to be less than 0.1%.
The system described in the International Pharmacopoeia 3rd Ed. Vol 3 was used.

Thin-layer:  Silica gel 60 F-254 (0.25 mm layer).

Eluent: Ethyl acetate:methanoldiethylamine(20:56:1.5)

Sample: Two solutions were prepared in a mixiure of chloroform:methanol:ammonia cone.
(5:5:0.5) 20mg/mi and 0.2 mg/ml. 2000 ug and 20 ug were applied.

Visualization: UV 254 nm and 366 nm.

One secondary spot was detected with Rf= 0.22. It was estimated to be present at less than 0.1%.
However the system exhibits poor separation and the Rf of pyrantel is too low.
Rf (pyrantel embonate) = 0.1

Two different liquid chromatographic systems were tested one using a reversed phase column
and the other a straight phase column. The straight phase column was preferred since in the reversed
phase system pamoic acid was strongly adsorbed to the column.

System 1 (reversed phase):

No impurity peaks were detected. The pyrantel peak elutes at about 6 minutes and the pamoic acid
peak elutes at about 17 minutes.




WHO/PHARM/93.564
page 67

A chromatogram is shown in Figure 3.
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Figure 3. Chromatogram of pyrantel embonate Control No 192157 (roversed phase).
The foilowing conditions were used:
Eluent: Acetonitrile:0.1 M butylamine with pH adjusted to 3.0 with perchloric acid.

The gradient employed is given below.

0-10 42 58
10-25 75 25
25-30 42 58

Column:  Spheri- 5 OD-5A RP 18 (Brownlee)

Detector: Waters Lambda-Max Model 481 operated at 300 nm
Pump: Waters 600 E operated at 1ml/min

Integrator: PeakPro (Beckman)

Sample: 1 mg/mi dissoived in 0.1 ml DMSO and adjusted to 1ml with the efuent.
10 pl corresponding to 10 ug were injected.
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Systam 2 (straight phase):

No impurity peaks were detected. The pamoic acid peak elutes at about 4.6 minutes and the pyrantel
peak elutes at about 9 minutes.

A chromatogram is shown in Figure 4.
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Figure 4. Chromatogram of pyrantel embonate Control No 192157 (straight phase).
The following conditions were used:

Eluent: Acetonitrile-water:6 M acetic acid:diethylamine (94:2.5:2.5:1)

Column:  Spherisorb S5W (silica)

Detector: Waters Lambda-Max Madel 481 operated at 300 nm

Pump: Waters 600 E operated at 1mi/min

Integrator: PeakPro (Beckman)

Sample: 1 mg/ml dissolved in the eluent. The solutions ware frashly prepared.
10 pi corresponding to 10 ug were injected.

Dinde- etect

The chromatographic system was also evaluated with a Varian 9065 Polychrom detectot. The same
chromatographic system as described under system 2 above was used. UV-spectra in the eluent are
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given for the pyrantel peak and the pamoic acid peak in Figure 5.
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Figure 5. UV-spectra for pyrantel and pamoic acid recorded by the diode array detector.

As the two UV-spectra are quite different it is assentiol to use reference substances when performing
assays of these two components.

DATA GIVEN BY THE MANUFACTURER

IR KBr: complies
UV in methanol: complies
HPLC identity: complies
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UV assay (pyrantel base): 34.9% (n= 5)
Pamaic acid by HPLC: 65.0% (n= 3) Column:Zorbax SIL Eluent:Acetonitrila/Water/Acatic acid/

Diethylamine (94:2.5:2.5.1) Wavelength of detection: 288 nm
LOD (60 °C): < 0,.01%
Residue on ignition: 0.06%

STABILITY

No special stability studies were performed. The substance was stored for § years at +5 °C at
the Centre. No sign of degradation has been observed during this time.

CONCLUSION

Pyrante! embonate, Control No 192157, can be considered suitable as International Chemical
Reference Substance for the intended purpose. The content of pyrantel embonate when used in the
spectrophotometric assay is taken to be 100.0% caiculated with reference to the dried substance.

L




