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The World Health Organization was established in 1948 as a specialized agency of the United
Nations serving as the directing and coordinating authority for international health matters and
public health. One of WHO's constitutional functions is to provide objective and reliable information
and advice in the field of human health, a responsibility that it fulfils in part through its extensive
programme of publications.

The Organization seeks through its publications to support national health strategies and address
the most pressing public health concerns of populations around the world. To respond to the needs
of Member States at all levels of development, WHO publishes practical manuals, handbooks and
training material for specific categories of health workers; internationally applicable guidelines and
standards; reviews and analyses of health policies, programmes and research; and state-of-the-art
consensus reports that offer technical advice and recommendations for decision-makers. These
books are closely tied to the Organization’s priority activities, encompassing disease prevention
and control, the development of equitable health systems based on primary health care, and health
promotion for individuals and communities. Progress towards better health for all also demands
the global dissemination and exchange of information that draws on the knowledge and experience
of all WHO’s Member countries and the collaboration of world leaders in public health and the
biomedical sciences.

To ensure the widest possible availability of authoritative information and guidance on health
matters, WHO secures the broad international distribution of its publications and encourages their
translation and adaptation. By helping to promote and protect health and prevent and control disease
throughout the world, WHO's books contribute to achieving the Organization’s principal objective
— the attainment by all people of the highest possible level of health.
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Monographs for pharmaceutical substances

PAPAVERINI HYDROCHLORIDUM
PAPAVERINE HYDROCHLORIDE

Molecular formula. C,H,NO,HCI

Relative molecular mass. 375.9

Graphic formula.

CH:’OmCH2
CH,0 Z OCHa * HCI
OCH,

Chemical name. 6,7-Dimethoxy-1-veratrylisoquinoline hydrochloride; 1-
((3,4-dimethoxyphenyl)methyl]-6,7-dimethoxyisoquinoline hydrochloride;
CAS Reg. No. 61-25-6.

Description. Colourless crystals or a white, crystalline powder; odourless.

Solubility. Sparingly soluble in water; soluble in 120 parts of ethanol (~750 g/l)
TS; practically insoluble in ether R.

Category. Spasmolytic.

Storage. Papaverine hydrochloride should be kept in a well-closed container,
protected from light. —

Requirements

Definition. Papaverine hydrochloride contains not less than 98.5% and not
more than 101.0% of CyyH,NO4HCI, calculated with reference to the dried
substance.

Identity tests
e Either tests A and C or tests B, C, and D may be applied.

A. Carry out the examination as described under 1.7 Spectrophotometry in the
infrared region. The infrared absorption spectrum is concordant with the
spectrum obtained from papaverine hydrochloride RS or with the reference
spectrum of papaverine hydrochloride.
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B. Treat about 10mg with 3ml of acetic anhydride R, add cautiously 3 drops
of sulfuric acid (~1760g/l) TS and heat on a water-bath for 3-4 minutes; a
yellow colour with a green fluorescence is produced.

C. A 20mg/ml solution yields reaction B described under 2.1 General identifi-
cation tests as characteristic of chlorides.

D. Dissolve 20mg in 10ml of water, add drop by drop ammonia (~100g/l) TS,
and set aside. Filter, wash the precipitate with water, and dry at 105°C;
melting temperature, about 146 °C (papaverine base).

Clarity and colour of solution. A solution of 0.20g in 10ml of carbon-
dioxide-free water R is clear and not more intensely coloured than standard
colour solution Gn2 when compared as described under 1.11 Colour of liquids.

Sulfated ash. Not more than 1.0mg/g.

Loss on drying. Dry to constant weight at 105°C; it loses not more than
10mg/g. .

pH value. pH of a 20 mg/ml solution, 3.0-4.5.

Related substances. Carry out the test as described under 1.14.1 Thin-layer
chromatography, using silica gel R2 as the coating substance and a mixture of
7 volumes of toluene R, 2 volumes of ethyl acetate R, and 1 volume of diethy-
lamine R as the mobile phase. Apply separately to the plate 10ul of each of 2
solutions in a mixture of 4 volumes of hydrochloric acid (0.01mol/l) VS and 1
volume of ethanol (~750g/1) TS containing (A) 0.050g of the test substance per
ml and (B) 0.50 mg of codeine R per ml. After removing the plate from the chro-
matographic chamber, allow it to dry in a current of warm air until the odour
of diethylamine is no longer perceptible, and examine the chromatogram in
ultraviolet light (254nm). Any spot obtained with solution A, other than the
principal spot, is not more intense than that obtained with solution B.

Assay. Dissolve about 0.35 g, accurately weighed, in 30 ml of glacial acetic acid
R1, add 10ml of mercuric acetate/acetic acid TS and titrate with perchloric acid
(0.1mol/l) VS as described under 2.6 Non-aqueous titration. Method A. Each
ml of perchloric acid (0.1 mol/l) VS is equivalent to 37.59 mg of C;H;;NO,HCL
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PARACETAMOLUM
PARACETAMOL

Molecular formula. C;HNO,

Relative molecular mass. 151.2

Graphic formula.

Ho—©— NHCOCH,

Chemical name. 4-Hydroxyacetanilide; N-(4-hydroxyphenyl)acetamide;
CAS Reg. No. 103-90-2.

Other name. Acetaminophen.
Description. A white, crystalline powder; odourless.

Solubility. Sparingly soluble in water; freely soluble in ethanol (~750g/1) TS
and acetone R; practically insoluble in ether R.

Category. Analgesic; antipyretic.

Storage. Paracetamol should be kept in a tightly closed container, protected
from light.

Requirements

Definition. Paracetamol contains not less than 98.5% and not more than
101.0% of CgHsNO,, calculated with reference to the dried substance.

Identity tests

A. Dissolve 0.05g in 100 ml of methanol R. To 1ml of this solution add 0.5 ml
of hydrochloric acid (0.1 mol/l) VS and dilute to 100ml with methanol R.
Protect the solution from light and immediately measure the absorbance of
a 1-cm layer at the maximum wavelength of about 249 nm; about 0.88.

B. Dissolve 0.1g in 10ml of water and add 0.05 ml of ferric chloride (25g/1) TS;
a violet-blue colour is produced.

C. Boil 0.1g with 1ml of hydrochloric acid (~70g/l) TS for 3 minutes, add
10 ml of water and cool; no precipitate is formed. Add 0.05ml of potassium
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dichromate (0.0167 mol/l) VS; a violet colour, which does not turn to red
(distinction from phenacetin) is slowly produced.

Melting range. 168-172°C.

Heavy metals. Use 1.0g and a mixture of 85 volumes of acetone R and 15
volumes of water for the preparation of the test solution as described under
2.2.3 Limit test for heavy metals, Procedure 2; determine the heavy metals
content according to Method A; not more than 10pg/g.

Sulfated ash. Not more than 1.0mg/g.

Loss on drying. Dry to constant weight at 105°C; it loses not more than
5.0mg/g.

4-Aminophenol. Dissolve 0.5g in a mixture of equal volumes of methanol R
and water and dilute to 10ml with this solvent mixture. Add 0.2 ml of alkaline
sodium nitroprusside TS, mix, and allow to stand for 30 minutes. Prepare sim-
ilarly a reference solution containing 0.5g of 4-aminophenol-free paracetamol
R and 0.5ml of a solution containing 0.050 mg/ml of 4-aminophenol R in the
same solvent mixture. The colour of the test solution is not more intense than
that of the reference solution (0.05 mg/g).

Related substances. Carry out the test as described under 1.14.1 Thin-layer
chromatography, using silica gel R4 as the coating substance and a mixture
of 65 volumes of chloroform R, 25 volumes of acetone R, and 10 volumes of
toluene R as the mobile phase. Allow the solvent front to ascend 14 cm above
the line of application, using an unlined chromatographic chamber. Prepare the
following 4 test solutions: For solution (A) transfer 1.0 g of finely powdered sub-
stance to be examined to a glass-stoppered tube, add 5 ml of ether R, and shake
mechanically for 30 minutes. Centrifuge the tube until a clear supernatant liquid
is obtained and separate this from the solid. For solution (B) dilute 1ml of solu-
tion A to 10ml with ethanol (~750g/l) TS. For solution (C) dissolve 25 mg of 4-
chloroacetanilide R in 50ml of ethanol (~750g/1) TS. For solution (D) dissolve
0.25 g of 4-chloroacetanilide R and 0.1 g of the substance to be examined in suf-
ficient ethanol (~750g/l) TS to produce 100ml. Apply separately to the plate
200l of solution A and 40l of each of the remaining 3 solutions. After remov-
ing the plate from the chromatographic chamber, allow it to dry in a current
of warm air and examine the chromatogram in ultraviolet light (254 nm). Any
spot due to 4-chloroacetanilide obtained with solution A is not more intense
than the corresponding spot obtained with solution C. Any spot obtained with
solution B, other than the principal spot and the spot corresponding to 4-
chloroacetanilide, is not more intense than the spot obtained with solution C.
The test is valid only if the chromatogram obtained with solution D shows two
distinctly separated spots corresponding to 4-chloroacetanilide and the sub-
stance being examined, the latter having a lower R, value.
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Assay. Transfer about 0.25g, accurately weighed, to a flask, add 10ml of
hydrochloric acid (~70g/l) TS and boil under a reflux condenser for 1 hour.
Wash the condenser with 30ml of water, add 1g of potassium bromide R to
the combined solution, and proceed as described under 2.7 Nitrite titration,
titrating with sodium nitrite (0.1 mol/l) VS. Each ml of sodium nitrite (0.1 mol/l)
VS is equivalent to 15.12mg of CsHyNO.,.

PARAFFINUM ALBUM
WHITE, SOFT PARAFFIN

PARAFFINUM FLAVUM
YELLOW SOFT PARAFFIN

Chemical name. White and yellow petrolatum.

Other names. White petrolatum, yellow petrolatum; vaselinum album,
vaselinum flavum.

Description. A white or a pale yellow to yellow, soft, unctuous mass; odourless.

Solubility. Practically insoluble in water and ethanol (~750g/l) TS; soluble in
ether R, and in most fixed and volatile oils.

Category. Ointment base.
Storage. White and yellow soft paraffins should be kept in a well-closed container.

Additional information. In a thin layer or when melted, both paraffins show
a slight fluorescence. Melting point, within 38-60°C.

Requirements

Definition. White and yellow soft paraffins are purified mixtures of semi-solid
hydrocarbons obtained from petroleum. White soft paraffin is bleached. To
prevent oil separation, soft paraffins may contain a suitable stabilizer.

Identity tests

A. Melt 2g until a homogeneous mass is obtained and immediately add 2 ml
of water and 0.2ml of iodine (0.1 mol/l) VS. Heat; as soon as two liquid
phases are obtained, shake and cool; the upper solid phase should have a
pinkish violet colour.
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B. Heat a small quantity of either White soft paraffin or Yellow soft paraffin
and ignite; a luminous flame is observed and a deposit of carbon is formed.

Sulfated ash. Not more than 1.0mg/g.

Alkalinity. To 35g add 100ml of boiling water, cover the beaker, and, while
stirring, heat to boiling for 5 minutes. Allow the phases to separate, transfer
the aqueous layer to a suitable dish, and wash the paraffin with two portions,
each of 50 ml, of boiling water which are added to the dish. Add 1 drop of phe-
nolphthalein/ethanol TS and boil; the colour does not change to pink. (Keep
this solution for “Acidity”.)

Acidity. To the above solution, add 0.1 ml of methyl orange/ethanol TS; the
colour does not change to red or pink.

Organic acids. To 20g add 100ml of a mixture of equal volumes of neutral-
ized ethanol TS and water, mix thoroughly, and heat to boiling. Add 1ml of
phenolphthalein/ethanol TS and titrate rapidly with carbonate-free sodium
hydroxide (0.1moi/l) VS to a sharp pink endpoint, the colour change being
observed in the ethanol-water layer; not more than 0.4ml of carbonate-free
sodium hydroxide (0.1 mol/l) VS is required.

Fixed oils, fats, and rosin. Digest 10g with 50ml of sodium hydroxide (~200g/l)
TS at 100°C for 30 minutes. Separate the aqueous layer and acidify with sulfuric
acid (~570g/l) TS; the remaining phase does not show any oil or solid matter.

Ultraviolet absorption. Dissolve 50mg in 100ml of 2,2,4-trimethylpentane
R. Measure the absorbance of a 1-cm layer at about 290 nm. White soft paraf-
fin does not exceed 0.5; yellow soft paraffin does not exceed 0.75.

PARAFFINUM DURUM
HARD PARAFFIN

Chemical name. Paraffin wax; paraffin waxes and hydrocarbon waxes; CAS
Reg. No. 8002-74-2.

Description. A colourless or white, slightly unctuous mass showing a crys-
talline structure; odourless.

Solubility. Practically insoluble in water and ethanol (~750g/l) TS; freely
soluble in ether R.

Category. Ointment base; viscosity-increasing agent.
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Storage. Hard paraffin should be kept in a well-closed container.

Additional information. Congealing point, within 47-65°C.

Requirements

Definition. Hard paraffin is a purified mixture of solid hydrocarbons obtained
from petroleum.

Identity tests

A. Melt 2g until a homogeneous mass is obtained and immediately add 2ml of
water and 0.2ml of iodine (0.1 mol/l) VS. Heat; as soon as two liquid phases
are obtained, shake and cool; the upper solid phase has a pinkish violet colour.

B. Heat a small quantity of Hard paraffin and ignite; a luminous flame is
observed and a deposit of carbon is formed.

Sulfated ash. Not more than 1.0mg/g.
Acidity or alkalinity. Boil 5g with 10ml of ethanol (-710g/l) TS previously

neutralized to litmus TS, cool, and add a few drops of litmus TS; the solution
is neutral (violet).

PAROMOMYCINI SULFAS
PAROMOMYCIN SULFATE

Molecular formula. C,;H,;;N;O,;,xH,SO,

Graphic formula.
CH,OH
(o)

OH
HO

H,NO

HOCH, | 0

0
CH,NH
OH
HO o OH

NH,
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Chemical name. O-2,6-Diamino-2,6-dideoxy-B-L-idopyranosyl-(1—3)-O-B-
D-ribofuranosyl-(1—5)-O-[2-amino-2-deoxy-o-D-glucopyranosyl-(1—4)]-
2-deoxystreptamine sulfate (salt); O-2-amino-2-deoxy-o-D-glucopyranosyl-
(1-4)-0O-[0O-2,6-diamino-2,6-dideoxy-B-L-idopyranosyl-(1—3)-B-D-ribofura-
nosyl-(1-5)]-2-deoxy-D-streptamine sulfate (salt); CAS Reg. No. 1263-89-4.

Description. A creamy white to light yellow powder; odourless or almost
odourless.

Solubility. Very soluble in water; practically insoluble in ethanol (~750g/1) TS
and ether R.

Category. Antiamoebic drug.

Storage. Paromomycin sulfate should be kept in a tightly closed container,
protected from light.

Additional information. Paromomycin sulfate is very hygroscopic. Even in
the absence of light, it is gradually degraded on exposure to a humid atmos-
phere, the decomposition being faster at higher temperatures.

Requirements

Definition. Paromomycin sulfate contains not less than 675 International
Units of paromomycin per mg, calculated with reference to the dried substance.

Identity tests

A. Carry out the test as described under 1.14.1 Thin-layer chromatography,
using silica gel R3 as the coating substance and a freshly prepared ammo-
nium acetate (40g/l) TS as the mobile phase. Apply separately to the plate
1ul of each of 2 solutions containing (A) 20 mg of the test substance per ml
and (B) 20mg of paromomyrcin sulfate RS per ml. After removing the plate
from the chromatographic chamber, allow it to dry in air for 10 minutes,
heat it at 105 °C for 1 hour, and spray it with triketohydrindene/butanol TS.
Heat it again at 105 °C for 5 minutes and examine the chromatogram in day-
light. The principal red spot obtained with solution A corresponds in posi-
tion and appearance with that obtained with solution B.

B. A 0.05g/ml solution yields reaction A described under 2.1 General identifi-
cation tests as characteristic of sulfates.

Specific optical rotation. Use a 50mg/ml solution and calculate with refer-
ence to the dried substance; [0]3 © = +50 to +55°.

Sulfated ash. Not more than 20 mg/g.
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Loss on drying. Dry to constant weight at 50 °C under reduced pressure (not
exceeding 0.6kPa or about 5mm of mercury); it loses not more than 50 mg/g.

pH value. pH of a 30 mg/ml solution in carbon-dioxide-free water R, 5.0-7.5.

Assay. Carry out the assay as described under 3.1 Microbiological assay of
antibiotics, using either (a) Bacillus subtilis (NCTC 10400) as the test organism,
culture medium Cml with a final pH of 8.0, sterile phosphate buffer pH 7.8,
TS, an appropriate concentration of paromomycin (usually between 1 and 41U
per ml), and an incubation temperature of 37-39 °C; or (b) Bacillus subtilis (ATCC
6633) as the test organism, culture medium Cm1 with a final pH of 7.8, sterile
phosphate buffer pH 8.0, TS1 or TS2, an appropriate concentration of paro-
momycin (usually between 2 and 81U per ml), and an incubation temperature
of 36-38°C. The precision of the assay is such that the fiducial limits of error
of the estimated potency (P = 0.95) are not less than 95% and not more than
105% of the estimated potency. The upper fiducial limit of error of the esti-
mated potency (P = 0.95) is not less than 6751U of paromomycin per mg, cal-
culated with reference to the dried substance.

PENICILLAMINUM
PENICILLAMINE

Molecular formula. C-H,;NO,S

Relative molecular mass. 149.2
Graphic formula.

CH, H
I |
HS — C =--C --- COOH

[
CH, NH,

Chemical name. 3-Mercapto-D-valine; 3,3-dimethyl-D-cysteine; CAS Reg.
No. 52-67-5.

Description. A white or almost white, crystalline powder; odour,
characteristic.

Solubility. Soluble in 9 parts of water; slightly soluble in ethanol (~750g/1) TS;
practically insoluble in chloroform R and ether R.

Category. Antidote.
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Storage. Penicillamine should be kept in a tightly closed container, protected
from light.

Additional information. Even in the absence of light, Penicillamine is grad-
ually degraded on exposure to a humid atmosphere, the decomposition being
faster at higher temperatures.

Requirements

Definition. Penicillamine contains not less than 95.0% and not more than
100.5% of CsH;;NO,S, calculated with reference to the dried substance.

Identity tests
A. Dissolve 20mg in 4ml of water, add 2ml of phosphotungstic acid TS and
allow to stand for a few minutes; a deep blue colour is produced.

B. Dissolve 20mg in 5ml of water, add 0.05 ml of sodium hydroxide (~200g/I)
TS and 20 mg of triketohydrindene hydrate R; an intense blue or violet-blue
colour is produced immediately.

Specific optical rotation. Use a 50mg/ml solution in sodium hydroxide
(I mol/l) VS; [oJty © = -58 to —68°.

Sulfated ash. Not more than 1.0mg/g.

Loss on drying. Dry to constant weight at 60 °C under reduced pressure (not
exceeding 0.6kPa or about 5 mm of mercury); it loses not more than 5mg/g.

pH value. pH of a 10 mg/ml solution, 4.0-6.0.

Mercury
® The operations described below must be carried out in subdued light.

Transfer about 0.5g, accurately weighed, to a 650-ml long-necked flask con-
taining a few glass beads, incline the flask at an angle of about 45°, and add
2.5ml of nitric acid (~1000g/l) TS through a small funnel placed in the mouth
of the flask. Allow the mixture to stand at room temperature until nitrous oxide
fumes are evolved and the vigorous reaction subsides (5-30 minutes). Add
2.5ml of sulfuric acid (~1760g/1) TS through the funnel and heat, gently at first
and then to the production of fumes of sulfur trioxide. Cool, then add cau-
tiously 2.5 ml of nitric acid (~1000g/l) TS, heat again to the production of sulfur
trioxide fumes, and cool. Repeat this treatment once more, then add 50ml of
water, rinsing the funnel, and collecting the rinsings in the flask. Remove the
funnel, boil the solution down to approximately half its volume (about 25ml),
and cool to room temperature. Transfer to a 250-ml separating funnel with the
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aid of water and dilute with water to 50ml. Add 1ml of disodium edetate
(20g/1) TS and 1ml of glacial acetic acid R and extract with small portions of
chloroform R until the last chloroform extract remains colourless. Discard the
chloroform extract and add 50ml of sulfuric acid (0.125mol/l) VS, 90ml of
water, and 10ml of hydroxylamine hydrochloride (200g/l) TS. Add dithizone
standard TS, in portions of 0.3-0.5ml, from a 10-ml burette. After each addi-
tion, shake the mixture well, allow the chloroform layer to separate, and discard
it. Continue until an addition of dithizone standard TS remains green after
shaking.

From the volume of the dithizone standard TS used, calculate the amount of
mercury present in the test substance. It contains not more than 20ug of Hg

per g.

Assay. Dissolve about 0.1g, accurately weighed, in 50ml of water, add 5ml
of sodium hydroxide (1 mol/l) VS and 0.2ml of dithizone TS and titrate with
mercuric nitrate (0.02mol/l) VS. Each ml of mercuric nitrate (0.02 mol/l) VS is
equivalent to 5.968 mg of CsH;;NO,S.

PENTAMIDINI ISETIONAS
PENTAMIDINE ISETIONATE

Molecular formula. C,;H,,N,0,2C,HO,S

Relative molecular mass. 592.7

Graphic formula.

HN

c 0 — (CH,), — O C. *2 |
H,N NH CH, —SO,H

2 2

Chemical name. 4,4’-(Pentamethylenedioxy)dibenzamidine bis(2-hydrox-
yethanesulfonate); 4,4’-[1,5-pentanediylbis(oxy)]bis[benzenecarboximidamide]-
bis(2-hydroxyethanesulfonate); CAS Reg. No. 140-64-7.

Description. A white, or almost white, crystalline powder; odourless.

Solubility. Soluble in 10 parts of water; slightly soluble in ethanol (~750g/1)
TS; practically insoluble in chloroform R and ether R.

Category. Antitrypanosomal drug; antileishmaniasis drug.
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