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PREFACE . -
Plant materials and hertxal remedies derived from them represent a substantial proportion of the global
drug market and in this respect internationally-recognized guidelines for their quality assessment are
necessary. The World Health Assembly in a number of resolutions, e.g. WHA30.43 (1977), WHA21.33
(1978), WHA40.33 (1987), WHA42.43 (1989), emphasized the need to ensure quality controi of
medicinal plant products by using modemn techniques and applying suitable standards. In accordance
with the policy of the World Health Organization, the third edition of The International Pharmacopoeia
provides quality specifications for only those few plant materials which are included in the WHO Model
List of Essential Drugs.”

This document is offered primarily to nationat drug quality control laboratories in developing countries
as an extension {o The Intarnational Pharmacopogia. lts objective is to provide recommended general
test methods for medicinal plant materials which are widely used, both as home remedies and as raw
materials tor the phamaceutical industry.

In addition to test methods, some suggestions regarding general limits for contaminants are also
included. Norms for other characteristics, such as the level of exiractive matter or of biologically-active
components may be taken from individual monographs for plant materials, published in official
compendia. Alternatively, national or internal {"house®) specifications may be developed on the basis
of local experience. This approach may especially be recommended with regard to non-
pharmacopoeial material where official norms are not available.

When the latler course is taken, reasonable norms may be established using simple statisticat
methods, e.g. control chans techniques. Analytical results from 20 or so successive batches are
pooled together, the grand average and the "three sigma limits” (+3 standard deviations from the
grand average} are calculated. (Such calculations are applicable when more than one individuat or
mdependent sample per batch is analyzed, e.g. as recommended in the docunzgnt "Sampling
procedures for Industrially manufactured Pharmaceuticals”, section 8.2.3 (the "r plan®).

The analysis of medicinal plamt materials is not restricted to those methods discussed or recommended
in the present document and many techniques similar to those used for the analysis of chemica dnigs
are aiso frequently implemented, (e.g. volumetric analysis, gravimetric determinations, gas
chromatography, column chromatography, high performance liquid chromatography and
spectrophotometric methods). Details of ail these methods can be found in The International
Pharmacopoeia, 3rd edition.

The following pharmacopoeias were consulted for the preparation of this document:

— African Pharmacopoeia vol. 1, 1985: vol. 2, 1986

— Arzneibuch der Deutschen Demokratischen Republik, AB-DDR 85, 1985, AB-DDR 87, 1987
— Asian Pharmacopoeia, |1, 1978

— British Pharmacopoeia 1988, add. 1989, 1990, 1591, 1892

- Deutsches Arzneibuch (FRG), IX, 1986, and add.1 1989, add.2 1980, X, 1951

— Egyptian Pharmacopoeia 1984

— European Pharmacopoeia, 11,1980-1991

- Farmacopea Ufficiale della Repubblica ltaliana, (X 1985, suppl. 1988, 1931

— Pharmacopée francaise, X, 1952-92

— Pharmacopoea Helvetica, Vil 1987-1932

- Pharmacopoea Hungarica VIl 1986

- Pharmacopoeia of India, Hl, 1985, add. 1989, 1991

— Pharmacopoeia of the People's Republic of China, 1985, 19980

~ State Pharmacopoeia of the Union of Soviet Sociaiist Republics, XI, vol.1, 1987

~ The International Pharmacopoeia Ill, vol.1, 1579: vol.2, 1981 » vOL.3, 1988, vol 4, (in pubtication)
~ The Pharmacopoeia of Japan, XI 1986, suppl. 1988, XII, 1992

— The United States Pharmacopeia, XX, 1990, suppl. 1930, 1991

The use of essential drugs, Technical Report Series, 796, Workl Health Organization, Geneva, 1990.

WHO Expert Committee on Specifications for Pharmaceutical Preparations, Thirty-first Repart, Technical
Report Series 790, p. 47, WHO, Genava, 1990,

-
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GENERAL NOTICES
General considerations

The metric system is used throughout the text. All temperatures are expressed in degrees Celsius
Q).

Tests are normaily carried out at room temperatures (between 15 and 25 °C, or up to 30 °C in some
climatic zones), unless otherwise indicaled.

Any glassware used in the tests should be of suitable quality. Graduated and volumetric vessels
should be calibrated at room temperature.

Whep‘a watar-bath is referred to in the text, boiling water of about 100 °C is to be used, unless a
specific water temperature is given,

Unless otherwise specified, all solutions indicated in the tests are prepared with distilled or
demineralized water of adequate purity.
Nomenclature

Reagents and solutions used must conform to the requirements specified under "Reagents and test
solutions” and are designated as follows:

R = Reagents
TS = Test solutions
Vs = Volumetric solutions

Systemic names of plants or microorganisms are written in falics.

Precision
a) Quantities and volumes

The quanlities and volumes of substances, materials and reagents to be used in the tests have to be
measured with adequate precision which is indicated in the following way:

avalpeof  20.0is not less than 19.5 and not greaterthan  20.5,
2.0i5 not less than 1.95 and not greater than  2.05,
0.20 is not less than 0.195 and not greater than  0.205.
b) Temperature measurement
Temperature measurement is indicated in a manner similar to that given for the quantities and volumes.

Storage conditions given in general terms refer 1o the following equivalent temperatures:

in a refrigerator 0 to 6°C
cold or cool 6 to 15°C
room temperature 15 to 25 °C , or up to 30 °*C depending on climatic zones.

c) pH values

pH values are indicated in a manner similar to that given for the quantities and volumes.

Calcuiation of resuils

The results of tests and assays should be calculated to one decimal place more than indicated in the
requirement and then rounded up or down as follows:
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if the last figure calculated is 5 to 9, the preceding figure is increased by 1;

if it is 4 or less, the preceding figure is left unchanged.

Other calculations — for example, in the standardization of volumetric sofutions — are
carried out in a similar manner.

In the determination of ashes, extractable matetial, bitter and haemolytic activities, tanninocids, swelling
index and assays, calculations must be made with reference to an undried sample.

if the material must be dried before it can be reduced to a powder for use in a determination, a
correction is made to take the loss on drying inte account, and the amount of active principla is
calculated with reference to the undried sample.

Solubllity

Uniless otherwise indicated, the approximate solubility of medicinal plant materials is evaluatedat 20 °C.
The expression "part” describes the number of millilitres (m1) of solvent represented by the stated
number of parts in which 1 gram (g) of solid is soluble.

Very soluble Less than 1 part

Freely soluble From 1 to 10 parts
Soluble From 10 0 30 parts
Sparingly soluble From 30 to 100 parts
Slightly sofuble From 100 to 1000 parts
Very slightly soluble From 1000 to 10000 parts
Practically insoluble More than 10000 parts

Constant welght

The expression "dry to constant weight” in the determination of "Loss on drying” means that the
drying process should be continued until the results of two conseculive weighings do not differ by
more than 0.5 mg, the second weighing being made after an additional hour of drying under the
prescribed conditions. The expression "ignite to constant weight” has a similar meaning, the second
weighing following further ignition.

Storage

Medicinal plant material must be stored under specified conditions in order to avoid contamination and
deterioration.

a) Contalners

The container and its closure must not interact physically or chemically with the material within in any
way which would alter its quality. The following terms include general requirements for the permeability
of containers:

Weall-closed container must protect the contents from extraneous matter or from loss of the material
urkler normal conditions of handling, shipment, or storage.

Tightly closed container must protect the contents from extraneous matter, from loss of the material,
and from efflorescence, deliquescence, or evaporation under normal conditions of handling,
shipment, or storage. If the container is intended to be opened on several occasions, it needs to ba
designed to be airttight after reclosure .

b) Protection from light

Medicinal plant materials requiring protection from light should be maintained in a light-resistant
container that — either by reason of the inherent properties of the material from which the container is
composed, or because a special coating has been applied to the container — shiglds the contents
from the effects of light. Alternatively, the container may be placed inside a suitable light-resistant
(opaque) covering and/cr stored in a dark place.
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c} Temperature
Materials that require storage conditions at temperatures other than room temperature should be
labelied accordingly.
Slza of Cut
Medicinal plant materials are used either whole, cut or powdered,

Cut medicinal plant materials are prepared by cutting or crushing the plant into small pieces, and the
terms in the following table are used to indicate the degree of coarseness of the cut materiai-

To pass through a sieve with a mesh size of
Coartse cutting 4.00 mm

Medium cutting 2.80 mm
Fine cutting 2.00 mm
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UNITS OF MEASUREMENT AND THEIR ABBREVIATIONS

Names and symbols for units of measurement conform with those used in The International
Pharmacopoeia and those of the "Systéme intemnational d'Unités™ (International System of units: Sl),
developed by the General Conference of Weights and Measures (CGPM) in collaboration with

international organizations.”

A. Basic SkUnits

Linits of length
metre [m]
centimetre  [cm] =102m
millimetre [rm] =103m

micrometre  fum] =10C%m
nanometre  nm] =10%m

Units of volume (capacity)

litre im
millititre myj =102
microlitre W =106
1 drop (non-Sl unit) = ~0.05 mi

Units of mass
kilogram [kq]
gram {gl
milligram [mg] =10-3g

microgram [wgl =10-6g

B. Derived Si-Units
Units of radioactivity

becquerel [bq]

Units of absorbed dose equivalent

sievert [Sv]

Units of pressure

The present text uses the non-Sl unit = Torr.

Units of time
year [a]
day [d]
hour [h]
minute [minj
second [5]

Units of electric currert

ampere (Al
milliampere {mA]

Units of amount of substance
mole [mol]
Units of electric potential
volt V]
millivolt [mV]
Unit of resistance
ohm Qi

1 Torr is the pressure exerted by a column of 1 mm of mercury and is equal to 133 pascal [Pa).

which is the unit recommended by the Si-system.

pascal [Pa]: 1 Pa =75X 103 Torr
=7.5X 102 mmHg

References: Complete infarmation on S) units is contained in A guide to international recommendations on
names an_d symbols for quantities and on units of measurement, by D.A.Lowe, Geneva: World Health
Organization, 1975; a more concise account is given in The 51 for the health professions, Geneva: World

Health Organization, 1977.
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POWDER FINENESS AND SIEVE SIZE

Powdars

The coarseness or fineness of a powder is classed according to the nominal aperture size expressed
in umn of the mesh of the sieve through which the powder is able to pass.

Tarms used to describe particle slze

- Coarse powder (2000/355). A powder where all the particles pass through a
- No. 2000 sieve, and not more than 40 % through a
No. 355 sieva.

* Moderately coarse powder (710/250). A powder where all the particles pass through a
No. 710 sieve, and not more than 40 % through a
No. 250 sieve.

* Moderately fine powder (355/180). A powder where all the particles pass through a
No. 355 sieve, and not more than 40 % through a

No, 180 sieve.

* Fine powder (180). A powder where ali the particles pass through a
No. 180 sieve.

* Very flne powder (125). A powder where all the particles pass through a
No. 125 sieve.

Sleves

The wire siaves used to sift powdered medicinal plant materials are distinguished by numbers as
mentioned above which indicate the nominal aperture size expressed in um.

Sieves are made of wire of uniform circular cross-section. They have the following specifications:

Number of Nominal size Nominal diameter Approximate
Sigve of aperture of wire screening area
fumj fmm] [mmj (%]
2000 2.00 0.90 48
710 0.710 0.450 a7
500 0.500 0.315 38
355 0.355 0.224 38
250 0.250 0.160 a7
212 0.212 0.140 36
180 0.180 0.125 a5
150 0.150 0.100 38
125 0.125 0.090 34
90 0.090 0.063 35
75 0.075 0.050 36
45 0.045 0.032 34

The nominal size of aperture of wire mesh sieves has been selected principally from among those
recommended by 150 standard 565-1972,
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1. GENERAL ADVICE ON SAMPLING

The reliabllity of any conclusions drawn from the analysis of a sample will depend upon how truly that
sample represents the whole batch. General recommendations for sampling of pharmaceutical
materials in connection with quality control are provided in the thirty-first repont of the WHO Expent
Committee on Specification for Pharmaceutical Preparations.”

Due t(? the specific characteristics of medicinal plant materials, in particular their inhomogeneity, special
handling procedures are required in relation to sampling. The following procedures should be
observed when selocting and preparing an average sample from a batch of material.

Recommended proceduras
Sampling of material In bulk

Inspect each container/packaging unit (pack etc.) for conformity with pharmacopoeial monographs or
other requirements regarding packaging and labelling. Check the integrity of the outer package and
note any defects which may influence the quality or stability of the contents (physical damage,
moisture etc.).

Damaged containers are sampled individually.
If initial inspection indicates that the batch is uniform, take the following samples:

When a batch consists of 5 containers/units, take a sample from all of them; and from a batch of 6-50
units, a sample from 5 packages. In the case of a batch of over 50 containers - sample 10 % of the unils
- rounding up the number of units to the next highest figure of ten. For example, 51 units would be
sampled as for 60.

After opening, inspect containers selected for sampling for:

organoleptic characteristics (colour, texture and odour);

prasentation of the material {raw, cut, crushed, compressed);

the prasence of admixtures, foreign matter {sand, glass particles, dirt), mould, or signs of decay,
the presence of insects;

the presence of packaging material originating from poor or degraded containaers.

From each conainer/package selected, take 3 original samples, taking care to avoid fragmentation.
Samples should be taken from the upper, middle and lower parts. in the case of sacks and packages,
3 individual samples are taken by hand from a depth of not less than 10 cm from the top, and after
cutting into the side of the package from the middle and lower parts. Samples of seeds are withdrawn
with a grain probe. Material in boxes is first sampled from the upper fayer; then approximately half of the
contents is removed and samples are taken again. Finally after further removal of material, another
sample is taken from the botiorn. Samples should be as uniform as possible in mass. Individual samples
ara combined into a pooled sample which should be mixed carefully.

The average sample is obtained by quartering. The process of quartering consists of placing the
sample, adequately mixed, formed as an even and square-shaped heap and dividing it diagonally into
four equal parts. The two opposite parts are then taken diagonally, and carefully mixed. The process s
repeated as necessary until the required quantity is obtained.

Pooled samples are quartered until the required amount remains which should be within £10 % (100-
200 g for flowers and up to 10 kg for certain roots). Any remaining material should be returned to the
batch.

The average sample is then quartered again and flnal samples are assembied and tested for the
following characteristics:

* Technical Raport Series 790, World Heaith Organization, Geneva, 1990, Annax 2, p. 34-47.
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- degree of fragmentation (sieve test);
- identity and level of impurities;

- determination of moisture:

- potency and ash content.

A portion of the final sample should serve as reference material,

Sampling of material In retail packages

From each wholesale container (boxes, cartons, eic.) selected for sampling, take at random two
consumer packages. From small batches (1-5 boxes), take 10 consumer packages, Prepare the
pooled sample by mixing the content of selected consumer packages and procead as described
above for the flnal sample.

2. DETERMINATION OF FOREIGN MATTER

Medicinal plant materials should be entirely free from pathogenic organisms, and as free as possible
from microorganisms, insects, and other animal contamination, including animal excreta. No abnormat
odour, discoloration, slime or signs of deterioration should be detected.

it is seldom possible to obtaih marketed plant materials that are entirely free of some form of infiocuous
foreign matler. However, no poisongus, dangerous or otherwise harmiui foreign matter or residue
should be aflowed.

During storage, products should be kept in a clean and hygienic place, 50 that no contamination
occurs, Special care should be taken to avoid formation of molds, since they may produce aftatoxins.

A macroscopical method of examination can conveniently be employed for whole or cut plant materials,
however microscopy is indispensable for powdered plant materials.

Before the medicinal plant materials are cut, ground or powdered, soil, stones, sand, dust and other
foreign inorganic matter must be removed.

Definition

Foreign matter is material consisting of any or all of the following:

{3) Parns of the medicinal plant material or materials other than those named with specified limits;

(L) Any organism, part or product of an organism, other than that named in the definition and
description;

(¢) Mineral admixtures not adhering to the medicinal plant materials, such as soil, stones, sand, and
dust.

Sample size to be taken

It is dilficult to prepare a pooled sample since most foreign matter adheres to the medicinal plant
materials which is intrinsically nonuniform. Special procedures requiring considerable practice are
therefore necessary. The problem is especially difficult when samples of unbroken crude medicinal
plant materials are selected which are too small. Thus, it is crucial that the size of the sample should be
sufficiently large to be representative.
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Recommended procedures
Forelgn matter In whole or cut madicinal plant materials

Weigh the quantity of material as given below unless otherwise specified in the instructions. Spread it
in a thin layar and sort into groups of foreign matter either by visual ingpection, using a magnifying lens
(6x or 10x) or with the help of a suitable sieve, according to the requirements for the specific plant
material, Sift the remainder of the sampie through a No. 250 sieve; "dust” is regarded as mineral
admixtura. Weigh the portions of this sorted foreign matter to within 0.05 g. Calculate the content of
each group ing per 100 g of air-dried sample.

For some medicinal plant materiais where the foreign matter may closely resemble the material itself, it
may be nacessary to take a pooled sample of each individuat element and apply a critical test, either
chemicat, physical or by microscopy. The proportion of foreign matter is calculated from the sum of the
portions which fail to respond to the lest.

The following quantities constitute a sample, unless otherwise specified in the instructions:

Roots, rhizomes and bark 5009
Leaves, flowers, seads and fruit 250 ¢g
Cut madicinal plant materials

(average weight of each element, less than 0.5 g) 509

3. VISUAL EXAMINATION AND INSPECTION BY MICROSCOPY

Medicinal plant materials are categorized according to sensory, macroscopic and microscopic
characteristics. Since the majority of information on the identity, purity and often quality of the material
can be drawn from these observations, they are of primary importance before any further testing can
be carried out.

A sensory, macroscopic and microscopic description should be elaborated for each specific medicinal
plant material. Definition of the characteristics of the material is thus the first step towards the
establishment of identity and the degree of purity. Wherever possible, authentic specimens of the
material in question and samples of pharmacopoeial quality shoukd be available to serve as a reference.

Visual inspection provides the simplest and quickest means by which to establish identity, purity and,
possibly, the quality. If a sample is found to be devoid of, or significantly different from, the specified
colour, consistency, odour and taste, it is considered as not fulfilling the requirements of the
specitication. However, judgement must be exercised when considering odour and taste due to the
variability from person to person and at different times.

Macroscopic identity of medicinal plant materials is based on shape, size, colour, surface
characteristics, texture, fracture and appearance of the cut surface. This identification is useful in
judging the material in its entirety. Since these charactersistics are mostly subjective and substitutes or
adulterants exist which closely resemble the genuing material, it is often necessary 10 substantiate the
findings of the macroscopic examination by microscopy and/or physicochemical analysis.

Inspection by microscopy of medicinal plant materials is indispensable for the identification of broken or
powderad materials. The specimen may have 1o be treated with chemical reagents. However, an
examination by microscopy alone cannot always provide complete idertification, though when used in
asg.é)ciation with data from other analytical methods it can frequently provide invaluable supporting
evidence.

Comparison with a reference mterial will often reveal characteristics not described in the specifications
which would otherwise have been regarded as foreign matter, rather than normal constituents.

Any additional usetul information for the preparation or the analysis of plant materials should also be
included in the specifications, such as the determination of vein-islets and the palisade ratio.
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VISUAL EXAMINATION AND ODOUR

No preliminary treatment is necessary for the sample. However, wrinkled and contracted leaves, herbs
or flowers should be softened and stretched Hlat (see below "Preliminary treatment of medicinal plant
materials®}. Centain fruits and seeds may reguire softaning before dissection and observation of
internal characteristics.

Recommended procedures

Size — A graduated ruler in millimetres is adequate for the measurement of the length, width and
thickness of crude materials. Small seeds and fruits may be measured by aligning 10 of them on a
sheet of calibrated paper, 1 mm apart between the lines. The result obtained is divided by 10.

Colour — Examine the untreated sample under diffuse daylight. If necessary, an artificial light source
with wavelengths similar to that of daylight may be used. The colour of the sample should be compared
with that of a reference material.

Surface characteristics, texture and fracture — Examine the untreated sample. If necessary, a
magnifying lens (6x to 10x) may be used. Welting with water or reagents, as indicated in the
specification, may ba necessary 1o ¢hserve the charagteristics of a cut surface. Touch the material to
determine if soft or hard; bend and rupture it to provide inforrmation on the brittleness and appearance
of the fracture plane — whether it is fibrous, smooth, rough, granular, etc.

Odour — If the material is expected to be innocuous, examine a small portion of the sample placed in
the palm of the hand or a beaker of suitable size, by slow and repaated inhalation of the air over the
material. if no distinct odour is perceptible, crush the sample between the thumb and index finger,
between the palms of the hands, using gentle pressure or, if the material is known to be dangerous, by
other suitable means such as pouring a small quantity of boiling water onto the crushed sample placed
in a beaker. First, determine the strength of the odour (none, weak, distinct, strong) and then the
odour sensation (aromatic, fruity, musty, mouldy, rancid, etc.). A direct comparison of the odour with a
defined substance is most advisable (e.g. peppermint should have an odour similar to menthol, cloves
an odour similar to eugenod).

Taste — This test shoukd only be applied if specifically required for a given plant material.

INSPECTION BY MICROSCOPY

Once the material has been examined and grouped according to external characteristics, inspection by
microscopy can be carried out on those groups where identity has not been established.

Equipment

(&) A microscope equipped with lenses providing a wide range of magnification and a sub-
stage condenser, a graduated mechanical stage, objectives with a magnification of 4x, 10x .
Colour filters of ground glass, blue-green. High eyepoint eyepieces are preferred for
wearers of spectacles.

{b} A lamp, either separate or incorporated into the microscope.

{c) A set of polarizing filters.

(d) A stage micrometer and an ocular micrometer 10 be inserted into a 8x eyepiece and
placed on the diaphragm or preferably, a micrometer eyepiece.

{e) A set of drawing attachments for microscopy.

A microburmner (Bunsen type).

(g} Slides and cover-glasses of standard size.

{h} A set of botanical dissecting instruments.
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Recommaended procedtires
Preliminaty treatment of medicinal plant materials

Select a representative sample of the material. Dried parts of a plant may require softening before
preparation for microscopy by expasing the sample to a moist atmosphere, which is to be preferred
wherever possible, or soaking in water. For small quantities of material, put a wad of cotton-wool
moistened with water into the bottom of a test-tube and cover with a piece of fiter-paper. Place the
material to be examined on the paper, stopper the tube and aliow to stand overnight or until the
material is softened and suitable for cutting. Use a desiccator for larger quantities of material, placing
water into the lower part instead of the drying agent. -

Bark, wood and other dense and hard materials usually need soaking in water for a few hours or
overnight until they are soft enough to be cut. Boiling in water for a few minutes may sometimes be
necessary.

Any water-soluble contents may be removad from the cells by soaking in water. Starch grains are
gelatinized by heating in water, In certain cases, moistening of a piece of material with water for a few
minutes softens the surfaces 1o facilitate cutting into sections.

Praparation of specimens

For powdered materials — Place 1 or 2 drops ot water, glycerol-ethanol TS or chioral hydrate TS on a
glass slide; moisten the tip of a needle with water and take a little quantity of the powdered material that
adheres 1o the needle tip. Thoroughly, but carefully, stir the powder in the drop of fluid, apply a cover-
glass, slightly press the cover-glass with the handle of the needle, and remove excess fluid from the
margin of the cover-glass with a strip of filter-paper. Other fluids may be used, if necessary, in the same
manner.

If the specimen is to be freed from air bubbles, carefully boii the powder with the fluid on the slide until
the particles are clear and the air is completely removed. Care shouid be taken to replace the fluid
which evaporates so that the space beneath the cover-glass is completely filled with the fluid at the
conclusion of the operation.

For surface of leaves and flowers — To render pieces of thin leaves transparent, boil them directly on a
slide. Cut the piece of leaf into 2 halves, tum one upper side down and add chloral hydrate TS. Boil
the specimen carefully over a small flame of a microburner and, as soon as bubbles escape, remove
the slide from the flame. When the bubbles have ceased to appear, boil again untit the fragments are
transparent.

If necessary, cut square pieces of papery leaves, about 6 mm from the edge of the leaf, if not otherwise
indicated in the specification. The pieces should be taken one-third 10 half of the way from the leaf-
base and include a mid-rib or large vein as well as 1 or 2 pieces from the edge including 1 or 2
indentations, where appropriate. For broken or cul leaves take suitable fragments as described above.
Put the fragments into a test-tube containing chlorai hydrate TS and boil for a few minutes until they
become trangparent. Transfer a fragment to a slide and cut it into 2 equal halves. Turn 1 of the halves
upside down and align both halves so that both upper and kiwer surfaces can be observed under the
microscope. Add-2 drops of chloral hydrate TS and apply a cover-glass.

For thicker leaves, not transparent enough when prepared by the method described above, clarity
fragments of a leaf by boiling in a tube and transfer a fragment onto a slide. Cut it into 2 equal halves
and turn one upper side down, Scrape the surface of the halves by means of a scalpel until only 1 layer
of epidermis is left. Wash the epidermis with drops of chloral hydrate TS or glycerol-ethanol TS to
remove any residues and, if possible, tum both parts of the epidermis upper side down, and add one
of the above fluids.

For even thicker or fleshy leaves, pull off the upper and lower paris of epidermis by winding the
softened leaf around the index finger, pressing with the thumb and the middle finger against the index
finger and carefully incising, catching the incised pant with forceps, and bending the epidermis
backwards carefully.
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Petals and sepals of flowers may be treated similarly.

For sections — Select representative pieces of the material to be examined and cut into suitable
iengths, one end of which is smoothed after softening.

Cross or transverse sactions are prepared by cutling with a razor biade at a right angle to the
lengitudinal axis of the material. Longitudinal sections are prepared by cutting in paraliel with the
longitudinal axis, either in the radial direction (radial section) or in the tangential direction (tangential
saction).

Thick materials, such as wood, woody stems, rhizomes and roots can be cut by holding the softened
material between the thumb and index finger, supported by the middle finger or by holding it in the
central hole of a hand microtome. Thin maierials such as leaves, petals and slender stems shouid be
bound between two halves of a piece of elder-pith or other suitable support. If necessary, moisten the
surface to be cut and the razor blade with ethanol (~375 g/ TS. Cut the sections as thin and even as
possible. Transfer the sections with a brush moistened with dilute ethanol to a dish containing the
above fluid. Select satisfactory sections for the preparation of the slides. For certain materials a sliding
microtome may be used.

Seeds and fruits that are too flat, or are small and spherical and cannot be held in the manner described
above may be inserted info a notch cut into a small rubber stopper or embedded in hard paraffin as
follows: Prepare a hard paraffin block, rectangular in shape, about 7 x 7 x 15 mm, and melt a smatl hole
in the centre of one end by means of a heated needle or thin glass rod. Press the materiai, which is
preferably dry or softened by exposure to a moist atmosphere, into this hole.,

For the examination of mucilage, such as aleurone grains or sphero-crystals of inulin, cut the material
without using water. :

Clarification of microscopie particles

The presence of certain cell contents such as starch grains, aleurone grains, plastids, fats, oils, etc.,
often renders sections non-transiucent and obscures certain characteristics. In such cases, reagents
that dissoive certain of the above celf contents, are used in order to make the remaining parts stand out
clearly or produce a penetrating effect. This renders the section more transparent and reveals details
of the structures.

The action of clarifying agents depends on the refractive index; if it is close 1o that of the cell structure,
the material being tested becomes almost invisible; if it differs appreciably, the material becomes
markedly evident.

The most frequently used clarifying agents are the following (for the methods of preparation refer to
"Reagents and test solutions™):

Chioral hydrate TS — On gentle heating it dissolves starch grains, aleurone grains, plastids, volatile oils,
and expands collapsed and delicate tissue without any undue swelling action upon the cell walls and
distortion of the tissue. It has a refractive index of np20 = 1.44-1.48 and is the best reagent for
rendering calcium oxalate clearly evident and is particularly useful for small crystals. However, this
reagent has a slow dissolving power upon calcium oxalate due to an increase in acidity when allowed to
stand.

Lactochloral TS — It has a similar use to chioral hydrate TS, but is usually applied to sections that are
difficult to clarify. it may be used cold. Before use, the air present in the specimen should be removed
by placing in a desiccator and applying a vacuum.

Lactophenol TS - It may be used cold or upon heating. it has a refractive index of np20 = 1.44 and is
useful for the preparation of fungi, pollen grains, most non-oily powders, and parasites such as mites,
nematode worms, etc. Sizes of starch grains can be measured accurately, but the concentric rings are
usually invisible when prepared in this reagent. Crystals of calcium oxalate are clearly visible in
lactophenol and shine brightly when illuminated with polarized light. This reagent dissolves calcium
carbonate deposits with a slow effervescence, due to the presence of lactic acid.
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Sodium hypochlorite TS — It is used for bieaching deeply-coloured sections. Immerse the sections in
the solution for a few minutes until sufficiently bleached, wash with water and prepare the mount with
giycerol-ethanol TS. The bleached séctions give a negative reaction to lignin.

Solvants used for fats and oils ~ Xylene R and light petroleum R can be used o remove fats and oils
from oily powders or sections. Immerse the material in the solvent for a short time, decant the liquid and
wash the material with fresh solvent.

Histochemical detection of ceil walls and contents

The application of reagents to a powdered sample or a section on a slide, as described below, can be
carried out either by:

. adding drops of the reagent t¢ the sample and applying a cover-glass, followed by irrigation, or

- placing drops of the reagent on one side of the cover-glass of a prepared specimen and
rermoving the fluid under the cover-glass by suction, by placing a strip of filter-paper at the
opposite sidae of it.

Using the second application, the progress of the reaction may be followed under a microscope. Care
should be taken to avoid using reagents or vapours that could attack the lenses or stages of the
MiCrOscope.

Cellulose cell walls - Add 1-2 drops of iodinated zinc chioride TS and allow to stand for a few minutes,
or afternatively, add 1 drop of iodine (0.1 mol/l) VS, allow to stand for 1 minute, remove excess
reagent with 2 strip of fiter-paper and add 1 drop of sulfuric acid (~1160 g/l) TS; cellulose cell walls are
stained blue to blug-violet,

On the addition of 1-2 drops of cuoxam TS, the cellulose cell walls will swell and gradually dissolve.

Lignified coll walls — Moisten the powder or section on a slide with a small volume of phloroglucinol TS
and allow to stand for about 2 minutes or untif aimost dry. Add 1 drop of hydrochloric acid (~420 g1) TS
and apply a cover-glass; lignitied cell walls are stained pink to chemry red.

Subsrized or cuticular coll walls — Add 1-2 drops of sudan red TS and allow to stand for a few minutes or
warm gently; suberized or cuticutar cell walls are stained orange-red or red.

Aleurone grains — Add a few drops of iodine/ethanol TS; the aleurone grains will turn yellowish brown
to brown. Then add a few drops of ethanolic trinitrophenol TS; a yellow appears. Add about 1 ml of
mercuric nitrate TS and allow to dissolve; the solution urns brick red.

If the specimen is oily, render it fat-free by immersing and washing it in an appropriate solvent before
carrying out the above tests.

Calcium carbonate — Cryétals or deposits of calcium carbonate dissolve slowly with effervescence
when acetic acid (~60 g/) TS or hydrochloric acid (~70 g/) TS is ackded.

Calcium oxalate — Crystals of calcium oxalate are insoluble in acetic acid (~60 g/l) TS but dissolve in
hydrochloric acid (~70 g/l) TS without effervescence (it applied by irrigation the acid should be more
concentrated); they also dissolve in sulfuric acid (~350 g/l} TS, but needle-shaped crystals of calcium
sulfate separate on standing after about 10 minutes. in polarized light, cakcium oxalate crystals are
birgfringent. Calcium oxalate is best viewed after clearing the sample, e.g. with chloral hydrate TS.

Fats, fatty oils, volatile oils and resins — Add 1-2 drops of sudan red TS and allow to stand for a few
minutes or heat gently, if necessary. The fatty substances are stained orange-red to red. Irrigate the
preparation with athanol (~750 g/l) TS and heat gently; the volatiie ol and resing dissolve in the
solvent, while fats and fatty oils (except castor oil and craton oil) remain intact.

Hydroxyanthraquinones - Add 1 drop of potassium hydroxide (~55 @/l) TS, cells containing 1,8-
dihydroxyanthraquinones are stained red.

Inulin - Add 1 drop of each of 1-naphthol TS and sulfuric acid (~1760 g/l) TS; sphero-crystals of inulin
turn purplish red and dissolve.
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Mucilage — Add 1 drop ot Chinase ink TS to the dry sample; the mucilage shows up as transparent,
spherically dilated fragments on a black background. Alternatively, add 1 drop of thionine TS to the dry
sample, allow to stand for about 15 minutes, then wash with ethanol (~188 g/l) TS; the mucilage tums
violet-red (cellulose and lignified cell walls are blue and blue-violet).

Starch—

= Add a small volume of iodine (0.02 moli} VS; a blue or reddish blue colour is produced.

» To afew starch grains add a small volume of glycerol-ethanot TS and examine between crossed
polars; birefringence is observed giving a Mallese cross effect with the cross intersecting at the
hilum.

Tannin — Add 1 drop of ferric chloride (50 g/l) TS; it turns bluish black or greenish black.

Disintegration of tissues

Cut the material ilto -  small piaces, about 2 mm thick, 5 mm long
or imo - slices, of about 1 mm thick, (tangential longitudinal sections are preferred
for woods or xylem from stems)

Use the following method according to the nature of the cell walls. For tissues with lignified cell walis
use either method 1 or 2. For tissues where lignified cells are few or occur in small groups, use
methed 3.

Method 1 - the nitric acid and potassium chlorate method

Place the material in a test-tube containing about 5 mi of nitric acid (~500 g/l) TS and heat to boiling.
Add a small quantity of powdered potassium chiorate R and allow to react, warm gently if necessary 1o
maintain a slight effervescence; add fresh guantities of powdered potassium chiorate R as needed.
When the tissue appears to be almost completely bleached and shows a tendency 10 disintegrate #t
should be tested by applying pressure with a glass rod to the material 10 see if it breaks. i so, interrupt
the reaction by pouring the contents of the test-tube imo water. Allow the material to settle and wash it
by decantation with fresh quantities of water until the acidity is removed. Transfer the material onto a
slide and tease it out with a needle. Add 1 drop of glycerol-ethanol TS and apply a cover-glass. The
disintegrated material gives a negative reaction for lignin.

Method 2 — the nitric and chromic acid method

Place the material in a small dish and heat with nitro-chromic acid TS until the material breaks easily
when pressure is apphied with a glass rod. Wash the material repeatedly with water and transfer onto a
slide; tease out and proceed as stated above. The disintegrated material gives a negative reaction for
tignin. '

This treatment ¢can also be carried out on a slide. Place a moderately thick section of the matetial on a
slide, add the reagent and, allow 1o stand for about 20 minutes. Separate the cells by applying gentle
pressure, or with a sliding movement of the cover-glass. This process is especially useful when the
disintegration of the tissues of a section under the microscope needs to be observed to ascenain from
where the isolated cells are derived.

Method 3 - the caustic alkali method

Digest the material in a test-tube containing about 5 ml of potassium hydroxide (~110 g/} TS or sodium
hydroxide (~80 g/f} TS, on a water-bath for 15-30 minutes until a portion breaks easily when pressure is
applied with a glass rod. Decant the liquid and wash the softened material, heat to boiling several times
with fresh quantities of water. This method is particularly useful for the disintegration of bark, seeds,
jeaves and flowers, facilitating the elimination of fibres, scleroids, lactiferous tissues and epidermis.
The disintegrated material gives a negative reaction for lignin.
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Measurement of spacimens
Equipment

Use a microscope with an ocular micrometer 1o measure the size of an object. The scales should be
calibrated by means of a stage micromeler, consisting of a glass slide of usuat size, upon which a scale
is engraved or photographed, usually 1 or 2 mm in length, in 0.1 and 0.01 mm (= 10 um) divisions. The
ocular micrometer consists of a small disk of glass which is placed upon the diaphragm of a Huygenian
eyepiece. Across the diameter of the disk a 100-line scale is engraved or photographed.

Calibration of the ocular micrometer (see figures below)

Focus tha ocular micrometer scale by moving the lans unti! a sharp definition is obtained. Superimpose
the stage micrometer on the scale of ocular micrometer and line-up on the scale divisions. Both scales
should now be sharply defined in the field of view. By tuming the eyepiece they are placed exactly in a
parallel position, and if necessary, the stage micrometar is moved until the starting lines of both scales
coincide. Count the number of ocular micrometer divisions corresponding to a certain length of the
stage micrometer, in order to determine the length which is equivalent to 1 division of the ocular
micrometer scale e.g., 100 divisions of the ocular micrometer scale are equal to 30 divisions of the
stage micrometer; since the divisions of the stage micrometer are 0.01 mm apart, 100 ocular
micrometer divisions are equivalent to 0.30 mm and each small division of the ocular micrometer
represents 0.0030 mm or 3.0 um. Since the micrometer value applies only for a particular lens
combination, #t is advisable to determine and record the micrometer values for the most frequently
used lens combinations.

Place the specimen on the microscope stage and focus on the object. Superimpose the ocular
micrometer scale on the object and read its dimensions with the ocular micromater. Multiply the
rmumber of scale divisions by the micrometer value to give the aciual dimension in pm. By this method,
using a 40x objective and a 6x eyepiece, measurements are correct to the nearest 2 pm, e.g., a
dimension of 20 um is liable to an emor of 2 um, or 10 %, or +5 %; a dimension of 100 u.m is liable to an
error of 2 % or +1 %.

WHG 9403

For curved and elongated objects, the measurement of lengths may be made by the use of a
microscope aquipped with a drawing apparatus or a camera-lucida. The instrument shouid be set up
properly fo clearly focus with the image of the object, the drawing paper and the pencil simultaneously.
With the stage micrometer in place, trace the lines of the stage micrometer scale upon the paper
fastened on a drawing board. Tilt the drawing board, if necessary, until the divisions drawn upon the
paper are equally spaced. The magnification is detarminad by measuring the distance between
selected lines on the drawing paper and dividing by the distance between the corresponding knes on
the stage micrometer. Place the specimen on the microscope stage and trace the image of the object
on the paper. Superimpose a coloured thread along the length of the object drawn on the paper and
after stretching it, measure the length of the thread by means of a ruler graduated in mm; divide the
length determined by the magnification to give the actual length of the object.
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Types of stomata

Four significantly ditterent types of stomata (see figure below) are distinguished by their form and
arrangement of the surrounding cells, especially of subsidiary cells, as seen in a mature leaf. In
describing an epidermis where certain stomata differ from the predominant type, the term applying to
the majority of stomata is used.

(@ The anomocytic or ranunculaceous (irregular-celied) type, where the stoma is surrounded by 3
varying number of cells, generally nhot different from those of the epidermis.

{b) The anisocytic or cruciferous (unequal-celled) type; the stoma is usually surrounded by 3 or 4
subsidiary cells, one of which is markedly smaller than the others.

{c) The diacytic or caryophyllaceous (cross-celled) type; the stoma is accompanied by two
subsidiary cells, the common wall of which is at right angles to the stoma.

{d} The paracytic or rubiaceotis {parallel-ceiied) type; the stoma has two subsidiary cells, of which
the long axes are paraliel to the axis of the stoma.

Determination of the stomatal Index
The stomatal index is the percentage of stomata existing in relation to epidermal cells.

Place fragments of leaves, about 5 x 5 mm in size, in a test-tube containing about 5 mi of chloral
hydrate TS and heat on a water-bath for about 15 minutes or until the fragments are transparent,
Transfer a fragment to a slide and prepare it as described earlier, the lower epidermis uppernnost, in
chioral hydrate TS and place a small drop of glycerol-ethanol TS on one side of the cover-glass o
prevent the material from drying. Examine under a microscope with a 40x objective and a 6x eyepiece,
equipped with a drawing apparatus. Mark on the drawing paper a cross (x) for each epidermal cell and a
circle (o) for each stoma. Calculate the stomatal irdex as follows:

Sx 100
stomatat index =

E+S
where
- S is the number of stomata in a given area of leaf and
- E is the number of epidermal cells {inciuding trichomay) in the same area of leaf.

For each sample of a leaf camry out no fewer than 10 determinations and calculate the average index.

WHO 52402
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Microsublimation

A small, square metal plate, about 4 x 4 cm in size, is mounted on a square of asbestos board from
which a central hole, about 1 cm in diameter, has been cut. Place a metal ring, about 1 cm in diameter
and 8 mm in height, at the centre of the metal plate aligned with the hole of the asbestos board, Place a
small quantity, about 0.1-0.2 g, of the powdered material on the bottom of the ring to form an even
layer, about 2 mm thick. Cover the ring with a clean slide. Heat gently and gradually over a small flame of
a Bunsen burner or a spirit lamp. Change the slide if a large amount of moisture or sublimata is
observed. Usually 4-5 slides are prepared. Remove the slide from the ring, set it aside until the
sublimate has dried and then examine under a microscope without adding any fluid or cover-glass.

A heating stage allows the temperature of the sublimate to be recorded.

4, THIN-LAYER CHROMATOGRAPHY

A. CLASSICAL METHOD

Thin-layer chromatography is particularly valuable for the qualitative determination of small amounts of
impurities.” The technique is easy to perform, effective and requires inexpensive equipment;
therefore, it is frequently used for evaluating medicinal plant materials and their preparations.

The following specifications should be stated for each determination:

(2) the type of adsorbent and method of activation; if the latter is not mentioned, heat at 110°C
for 30 minutes;

(b) the method of preparation and the concentration of the test and reference solutions;
{0 the volume of the solutions to be placed on the plate;

(@ the mobile phase, the temperature and time of development; distance of migration of
solvent (mobile phase);

{e) the drying method and the temperature to be used, and the method of detection;

(0 for the results obtained observe the spots:
— number and approximate position, or the Ayvalues it necessary,
- fluorascence and/or colour.

Recommended procedures

The method assumes the use of a laboratory-prepared chromatographic plate but a precoated plate,
activated if necessary, may be used provided that it has proven to be suitable for that particular
application.

For identifying and determining the purity of a medicinal plant material, a powdered specimen of
pharmacopoeial quality may be used as the reference material. The preparation of the solution to be
tested and the reference solutions should be carried out simultaneously in exactly the same way. If a
test for the presence of certain active principles of a medicinal plant material is to be carried out, a
chemical reference substance identical to that principle should be used. The reference solutions
prepared should be of known concentration. if the quantitative ratios of the chemical substance in the
reference solution are selected in accordance with the composition of a typical material, comparison of
the spot size offers valuable additional information. The same solvent should be used wherever
possible for the preparation of test and reference solutions, The solvent system should be indicated in
the specification for the individual material under test. A tricolour mixture (e.g. 0.01 % solutions in

The principles of thin-layer chromatography, as well as their application in pharmacautical analysis ara
described in The International Pharmacopoeia (IP), third edition, Volume 1, WHO, Genava, 1879.

| ¥
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toluene of indopheno! blue, sudan red G and dimethyl yellow) run together, permits a rapid control of
the prevailing chromatographic corditions.

The chamber in which chromatography takes place should be protected from light if it is suspected that
the materials to be examined are unstable. in any case, the chromatographic chamber should always
be in a position where the direct rays of the sun cannot fall on it. These rays may be refracted to
different degrees owing to imperfections in the glass walls of the chamber. This may give rise 10 areas
of elevated temperature on the chromatographic piate and result in erratic flow of the mobile phase.

Preparation of the samples

Prior to carrying out the test, the sample should undergo the following simple and rapid extraction
process.

To 0.1-1.0 g of the powdered plant material add 1-10 ml of solvent, extract by stirring or shaking the
mixture for 3-30 minutes or by heating to boiling point and allowing to cool. Remave the insoluble
matier by centrifugation, or filter through a small funnel with titer-paper or a cotton plug. i necessary,
evaporate the filtrate on a water-bath using just the time required to remove the solvent and dissolve
the residue in a small volums of solvent {(e.q. 0.1-0.2 ml). Repeated exiraction with solvent at a
different pH or by sublimation, distillation, etc. should be used to purify the test solution, if necessary.

Apparatus
The equipment consists of:

{8 glass plates of uniform thickness throughout their entire area, length,15-20 cm , and wide
enough to accommodate the required number of test and reference solutions;

(&) a device for spreading a uniform Iayer of coating material of desired thickness onto glass
plates;

(¢} a rack to hold the prepared plates during the drying period or for transportation and
storage; normally 10 accommodate 10 plates with set spacings; the dimension should be such as
to permit placing of the rack in a drying oven and desiccator;

(d) a chromatographic chamber of transparent material, usually giass with a tightly fitting lid, of
suitable size to accommodate the test plates;

{8) a suitable spraying implement for the reagent with a fine spray nozzle and made of a
resistant material;

i  an ultraviolet light source emitting short (254 nm) and long (365 nm) wavelengths.

Before usa, clean the plates scrupulously by immersion in a suitable cleaning liquid, rinsing thoroughly
until the water runs off the plates without leaving any visible water marks or oily spots, and then dry.
The plates must be completely free of lint or dust when the coating material is applied.

Method
Preparation of the adsorbent

Unless otherwise Indicated in the specification, prepare a slurry of the coating material and water or an
aqueous solution (see "Specifications for adsorbents”), using the spreading device, coat the cleaned
plates with a layer about 0.26 mm thick. Dry the coated plates in air and heat them to activate at 110 °C
for 30 minutes, then allow 10 cool. Inspect the uniformity of the distribution in transmitted light and the
texture of the adsorbent layer in reflected light. If the plates are not to be used immediately, store them
in a desiccator containing silica gsl, desiccant, R. To form an edge remove a narrow strip (2-5 mm) of
the coating maierial from the vertical sides of the plate.
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If acid, alkaline or bufferad layers are required, use diluted acid, base or salt mixtures instead of water
for the preparation of the slurry, as indicated in the specification. An aqueous solution of 5-7 g of
sodium carboxymethylceliulose R could also replace the water, if an adsorbent does not already
contain a binder,

Saturation of the chromatographic chamber

Unless otherwise indicated for the specified plant material, the chromatography is carried out in a
saturated chamber. To achieve this, line at least half of the total area of the inside walls of the chamber
with filter-paper and place in it a sufficient quantity of the mobile phase to forr a 5 mm layer. Close the
chamber and saturate for at least 1 hour at room temperature.

Whan the plate is exposed lo the air all operations should preferably be carried out at a relative
humidity of 50-60 %, and the plates should be handled with care.

Applications of the tast and reference solutions

Using a micropipetie or a syringe graduated into pl, place the solutions to be examined onto the
starting line, about 15 mm from the the lower edge and not less than 15 mm from the vertical sides of
the plate, and not less than 15 mm apart from each other. They should form a line parallel to the lower
edge of the plate. The spots should be as small as possible and preferably not more than 4 mm in
diameter; if necessary, apply the solution in portions, drying between applications. Mark, as indicated
in the specifications the desired distance the mobile phase is intended to ascend, usuaily 10-15 cm
from the staning line.

Results of separation can often be improved by applying the solutions to form a horizontat band of 10-
15 mm long and not more than 5 mm wide.

Development of the chromatograms

Allow the spots to dry, place the plate as nearly vertical as possible into the chamber, ensuring that the
starting points are above the surface of the mobile phase. Close the chamber, develop the
chromatogram allowing the solvent 10 ascend the specified distance at room temperature, unless
otherwise indicated in the specifications. Remove the plate, mark the position of the solvent front and
allow the solvent to evaporate at room temperature or as specified for the individual plant material.

Observation and interpretation of the chromatograms

In the first instance, observe the spots produced in daylight, then under short-wave and/or iong-wave
ultraviotet light. Mark the centre of each spot with a needle. Measure and record the distance from the
centre of each spot to the point of origin, and indicate for each spot the wavelength under which it was
observed. If indicated in the specifications, spray the spots with the indicated reagent, observe and
compare the spots with those of a reference materal.

It required calculate the Ryor A, values as follows:

a a
Ry =— Ry =~
b c

a the distance between the point of origin and the centre of the spot of the test material;

b = the distance between the point of origin ahd the solvent front;

c the distance between the point of origin and the centra of the spot of reference
material :

Ryvalues are only given for information and they may differ slightly with each experiment due, for
example to different saturation conditions of the chromatographic chamber, or the activity of the
adsorbent layer or the composition of the mobile phase.




8. MICROMETHOD
Recommended procedures

The chromatograms ¢an be developed either vertically or harizontally. Unless otherwise specified for a
given plant material, thin-layer chromatography is performed on small plales using the ascending
technique.

1. Ascending technique
Specific test instructions should comprise the following:

the type of stationary phase

the preparation of the test and reference sclutions
the volumes to be applied

the mobile phase

the type of drying

detection method

evaluation procedure

Apparatus

The equipment consists of:

{a) specially-made plates up to 100 mm kbng and up to 100 mm wide, which permit a
development distance of ai leasi 60 mm;

micropipettes with which 1 or 2 pl of solution can be applied to the plates, with a
deviation not exceeding +10 % of the stated volume;

a chromatlography chamber with a tight-fitting kd and a base as flat as possble, The
size of the chamber must be adapted to the size of the plate and the volume of the
mobile phase.

Method

Pour a sufficient quantity of the previously-mixed and homogeneous mobile phase into the
chromatography chamber to ensure an immersion depth of about 5 mm. Mobile phase mixtures shouid
be discarded after the development of a plate.

Close the chamber and leave with the mobile phase 10 stand in a place with constant room
temperature, protecied from draughts and direct sunifight, for 15 minutes.

Mark the starting points on the plate in such a way that they are 10 mm from the side edges and the
bottom edge and 5~10 mm from each other. Unless otherwise specified, mark the front line on the
edges of the plate at a distance of at least 60 mm from the starling poirts. Apply the test and reference
solutions with the aid of the micropipettes in such a way as to obtain the smallest possible starting
spots. The diameter of the spots must not exceed 2 mm.

Allow the solvent of the test and reference solutions to evaporate, then insert the plate as vertically as
possible into the chromatography chamber; the starting points must remain above the level of the
mobile phase and the side edges must not come into contact with the wall of the chambar. When the
mobile phase has travelled the prescribed distance, remove the plate from the chamber and treat it as
described in the specifications.
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2. Horizontal technique’
Specific test instructions should comprise the following:

- the type of stationary phase

—  the preparation of the test and reference solutions
~  the volumes to he applied

~  the mobile phase

= the type of drying

—  detection method

- evaluation procedure

Apparatus
The equipment consists of:
(a) specially-made plates™ 50 mm iong and 50 mm wide;

()] micropipettes with which 0.5 or 1 pl of golution can be applied on the plates, with a
deviation not exceeding +10 % of the stated volume;

(c) a chromatography chamber for horizontal development; commercially available
chambers consist of a solvent-proof body with a tray for the mobile phase and a tight-
fitting glass lid; the mobile phase is transferred trom the tray to the layer via an
exchangeable simered-glass plate.

Method

Set up the chromatography chamber at room temperature in a place with constant room temperature,
protected from draughts and direct sunlight.

Mark the starting points on the plate in such a way that they are about 7 mm from the side edges and
the bottom edge and 5 mm from each other. Unless otherwise specified, mark the front ling on the
edges of the plate at z distance of 40 mm from the starting points. Apply the test and reference
solutions with the aid of the micropipettes in such a way as 1o obtain the smallest possible starting
spots. The diameter of the spots must not exceed 1 mm.

Put the dry sintered-glass plate in the chromatography chamber. After the solvent of the test and
reference solutions has evaporated, insen the TLC-plate in the chamber with the coating downwards
in s0 that the TLC-plate and the sintered-glass plate are in contact across their whole width and the
starting spots are about 3 mm from the edge of the sintered-glass plate. Close the chamber with the lid
leaving the trough for the mobile phase open. Then apply the required volume of the previously-mixed
homogeneous mobile phase (1-2 ml) by pipette and immediately close the lid. When the mobile phase
has travelled the prescribed distance, remove the plate from the chamber and treat it further as
described in the specifications.

A clean, dry sintered-glass plate must be used for each new chromatogram. After use, it should be
cleaned with acetone R and dried.

it development raquires pre-saturation, pour the saturation fluid on the chamber floor lined with filter
paper. Should more intensive saturation of the chamber be required use, in addition, a ready-made
silica gel plate, cut to size, and wet it with saturation fluid. To make a sandwich-type chamber, use the
above-mentioned plate without wetting it.

Reproducad by courtesy of the Deutscher Arzneimittal-Codex, 1986,
Saea 4A. Classical method, pagaZ0.
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Diagram of horizontal-separating cham.ber

- LT Stop for TLC-plates

- Support for TLCplates
Projections for cover plate

rFrLN

Recess for sintered glass rods

. | | I '! Channel for solvent supply

Solvent container

5. DETERMINATION OF ASH

The presence of ash in medicinal plant materials is determined by three different methods: total ash,
acid-soluble ash or water-soluble ash.

1. Total ash

This test is designed to measure the amount of material remaining after ignition. "Physiological ash” is
derived from the plant tissue itself and "non-physiological® ash is the residue after ignition o the
extraneous matter (e.g. sand and soil) adhering to the surface. The present procedure delermines
both kinds of ashes and is referred to as the "otal ash” test.

2. Acld-insoluble ash

Acid-insoluble ash is the residue obtained after boiling the total ash with diluted hydrochloric acid, and
igniting the washed insoluble fnatter left on the filter. This determination measures the presence of
silica, especially sand and siliceous earth,

3. Water-soluble ash

Water-soluble ash is the calculated difference in weight between the total ash and the residue
remaining after treatmeant of the total ash with water.

Recommendead procedures

Total ash

Weigh accurately into a previously ignited and tared crugible, usually platinum or silica, about 24 g of
the ground material. Spread the material in an even layer in the crucible, ignite the material by gradually
increasing the heat to 500-600 °C until free from carbon, cool in a desiccator and weigh. If carbon-free
ash cannot be obtained in this manner, cool the crucible and moisten the residue with about 2 ml of
water or a saturated solution of ammonium nitrate R. Dry on a water-bath, then on a hot-plate arxf ignite
to constant weight. Calculate the content of total ash in mg per g of air-dried material.

Acld-insoluble ash

To the crucible containing the total ash, add 25 mi of hydrochioric acid {~70 g/} TS, cover with a watch-
glass and boil gently for 5 minutes. Rinse the watch-glass with 5 ml of hot water and add this fiquid o
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the crucible. Collect the insoluble matter on an ashless filter-paper and wash with hot water until the
filtrate is neutral. Transfer the filter-paper containing the insoluble matter to the original crucible, dry on
a hot-plate and ignite to constant weight. Calculate the content of acid-insoluble ash in mg per g of air-
dried material,

Water-soluble agh

To the crucible containing the total ash, add 25 mi of water ark! boil for 5 minutes. Collect the insoluble
matter in a sintered-glass crucible or on an ashless filter-paper. Wash with hot water and ignite for
15 minutes at a temperature not exceeding 4560 °C. Subtract the weight of this residue in mg obtained
from the weight of total ash. Calculate the content of water-soluble ash in mg per g of air-dried material.

6. DETERMINATION OF EXTRACTABLE MATTER

This method determines the amount of active constituents in a given amount of medicinal plant
material extracted with solvents. It is employed for those materials for which as yet no suitable chemicat
or biological assay method exists.

Recommended procedures
Method 1 (Hot extraction method)

Waeigh accurately, about 4.0 g of coarsely-powdered air-dried material to a glass-stoppered conical
flask. Add 100 ml of water and weigh. Shake well and allow to stand for 1 hour. Attach a reflux
condenser to the flask and boil gently for 1 hour, coot and weigh. Readjust to the original weight with
the specified solvent for the given plant material. Shake well and filter rapidly through a dry filter.
Transfer 25 ml of the filtrate 10 a tared flat-bottomed dish and evaporate to dryness on a water-bath.
Dry at 105 °C for 6 hours, cool in a desiccator for 30 minutes and weigh without defay. Calculate the
content of extractable matter in mg per g of air-dried material.

Method 2 (Cold maceration method)

Weigh accurately, about 4.0 g of coarsely-powdered air-dried material to a glass-stoppered conical
flask. Macerate with 100 ml of the specified solvent for the given plant material for & hours, shaking
frequently, then aliowing to stand for 18 hours. Filter rapidly taking care not o lose any solvent, transter
25 mi of the filtrate to a tared flat-bottomed dish and evaporate to dryness on a water-bath. Dry at
105 °C for 6 hours, cool in a desiccator for 30 minutes and weigh without delay. Caiculate the content
of extractable matter in mg per g of air-dried material

For ethanol-soluble extractable matter, use the concentration of solvent as indicated in the
specifications; for water-soluble extractable matter, use water as the solvent.

7. DETERMINATION OF WATER AND
VOLATILE MATTER

An excess of water in madicinal plant materials will lead to microbial growth, the presence of fungi or
insects, and deterloration following hydrolysis. Therefore, limits for the amount of water should be set
for every given plant material. This is especially impontart for material which absorbs moisture easlly or
deteriorates quickly in the presence of water.

The azeotrople method

This method gives a direct measurement of the water present in the test material. When the san'!ple is
distilled together with an immiscible solvent, such as toluene R or xylene R, the water present in the
sample is absorbed by the solvent, they are distilled together and separated in the receiving tube on
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cooling. If the solvertt is anhydrous, water may be absorbed in it and the results might be false.
Therefore it is advisable to saturate the solvent with water before use.

Loss on drying

This test determines both water and volatile matter. Drying can be carried out either by heating to 100-
105 °C or by drying in a desiccator over P2Os under atmospheric or reduced pressure at room
temperature for a specified period of titne for a given plant material. The desiccation method is
especially useful for materials that melt to a sticky mass at elevated temperatures.

Recommended procedures

Preparation of test materlal

Prepare a suitable quantity of the sample by cufting, granulating or shredding the unground or
unpowderad material, so that the thickness of the parts does not exceed 3 mm. Seeds or fruits smaller
than 3 mm should be cracked. Avoid the use of high-speed mills in preparing the sample, and exercise
care so that no appreciable amount of moisture is lost during preparation. It is important that the portion
taken is large encugh to be a representative sample.

Azeotropic method (toluene distiltation)’

The apparatus (see below) consists of a glass flask (A) connected by a fube (D) to a cylindrical tube (B)
fitted with a graduated receiving tube (E) and a reflux condenser (C). The receiving tube (E) is
graduated in 0.1 mi subdivisions so that the error of readings does not exceed 0.05 mi. The preferrad
source of heat is an electric heater with a rheostat control or an oil-bath. The upper portion of the flask
and the connecting tube may be insulated with asbestos.

Thoroughly clean the receiving tube and the condenser of the apparatus, rinse with water and dry.

Introduce 200 mi of toluene R and about 2 ml of water into a dry flask. Heat the flask and distil over a
period of 2 hours, allow to ¢cool for about 30 minutes and read off the volume of water to an accuracy of
0.05 mi (131 distiliation).

Weigh accurately a quantity of the material expected to give about 2-3 mi of water and transfer to the
tlask. {For weighing material having a pasty character, use a boat of metal foil). Add a few pieces of
porous material and heat the flask gently for 15 minutes. When boiling begins, distil at a rate of 2 drops
per second until most of the water has distilled over, then increase the rate of distillation to about
4 drops per second. As soon as the waler has been completely distilled, ringse the inside of the
condenser tube with toluene R. Continueg the distillation for 5 more minutes, remove the heat, aliow
the receiving tube to cool to room temperature and dislodge any droplets of water which adhere to the
walls of the receiving tube. Allow the water- and toluene-layers to separate and read off the volume of
water (2nd distillation). Calculate the content of water in % using the formula:

100(n1-m
w
where w = the weight in g of the material to be examined
n = the number of mit of water abtained in the first distillation
ol = the 1otal number of ml of water obtained in both distillations

Repreduced by courtesy of the Europaan Pharmacopoeia, second adition.
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Apparatus used for the azeotroplic method
(dimenslons in mm)

i

— 2200

Loss on drying (gravimetric determination)

Woeigh accurately about 2-5 g of the prepared material, or the quantity given in the specifications, in a
previously dried and tared flat weighing bottle. Dry the sample by one of the following specified
techniques:

(a) dry in an oven at 100-105 *C for 5 hours;
()] dry in a desiccator over phosphorus pentoxide R under atmospheric pressure and at
room temperature;

Dry until two consecutive weighings do not differ by more than 5 mg, unless otherwise specified.
Calculate the loss of weight in mg per g of air-dried material.
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8. DETERMINATION OF VOLATILE OILS

Volatile oils are characterized by their odour, oil-like appearance and ability 1o volatilize at room
temperature. Chemically, they are usually composed of mixtures, such as terpenes, sesquiterpenes
and their oxygenated derivatives. Aromalic compounds may also occur and predominate in certain
volatile oils.

Since they were considered as the "essence” of the plant material, they are also known as “essential
oils™. The term “volatile oil" is preferred because it is more specific and describes the physical
properties.

In order to determing the volums of oil, the plant material is distilled with water and the distillate is
collected in a graduated tube. The agueous porlion separates automatically and is returned to the
distiltation flask. If volatile oils possess a mass density higher than or near to that of water, or are difficuit
to separate from the agueous phase due to the formation of emulsions, a solvent with a low mass
density and a suitable boiling point may be added to the measuring tube. This will permit volatile oils to
dissolve and thus bring them afloat in the aqueous phase.

Recommended procedure

Carry out the determination by steam distillation {see apparatus below). Collect the distillate in a
graduated tube, using xylene R or the specified solvent for the given material, and allow the agqueous

phase to recirculate into the distillation flask. For all determinations read the rate of distillation from the
marks engraved on the apparatus.

Apparatus’

The apparatus is constructed using resistant glass with a low expansion coefficient and the following
dimensions:

(@ around-bottomed, short-necked flask with a size of 500 or 1000 ml, the irternal diameter of
the ground-glass neck being 34.35-35.65% mm at the widest end;

(b} the apparatus consists of the following sections fused into one piece:
- a vertical tube (AC), 210-280 mm in length and an internmal diameter of 13-15 mm;

- a bent tube {CDE), in which the distances between CD and DE are each 145-155 mm long and
having an intemmal diameter of 7-8 mim;

- a bulb-condenser (FG), 145-1556 mm in length, having a diameter of 8-10 mm at the restricted
ends, and the bulh having a diameter of 15 mm:

- a vented stopper (K" and an orifice (K) with an internal diameter of 7.42-7.58 mm, the wide end
being of ground-glass. The external diameter of the ground stopper should be 4.95-5.05 mm;

- a tube (GH} having an internal diameter of 7-8 mm and 30-40 mm in length, bent 1o an
angle of 30-40° (GHK) together with a similar tube (HK);

- a pear-shaped bulb {J) having a volume of 5 ml:
= a tube having a 1-mi volume (JL), graduated over 110-120 mm with subdivisions of 0.05 ml;
- a bulb-fike swelling (L}, having a volume of about 2 ml;

- a three-way tap (M);

Repraduced by courtasy of the European Pharmacopoeia, second edition,
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- a connecting tube (BM), with an intemal diameter of 7-8 mm, which is fitted in the middle with a

security tube (N). The junction (B) should be placed 20-25 mm higher than the uppermost
graduation;

- the condenser should fit into the flask by means of a ground-glass insert, not less than 34 mm in
length and at its narrower end having an external diameter of 31.0-31.2 mm;

(c) either a bumer allowing a fine control and fitted with a flue, or an electrical heating device,
{d} avertical support with a horizontal ring covered with asbestos.
Before use, clean the apparatus by successive washings with acetone R, water and chromic acid TS,
rinse with water, drain the apparatus and mount it in a suitable place.
Apparatus

{dimensions in mm)
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Preparation of the sample

The preparation of the sample depends on the texture of the material and the location of the volatile
oils. Hard and compact plant material (e.g. barks, roots or rhizomes) or material containing volatile oils in
the cells or small cavities of the tissue, should be coarsely powdered; thick leaves should be finely cut
or lightly bruised; materials such as bitter orange peel and lemon peel are preferably crushed under
walter, as the volatile oits conlained in large schizolysigenous cavities is easily kst during the process of
comminution. Material consisting of thin floral pants or thin lamina or containing volatiie oils in the
epidermal glands should only be distilled as a whole.

Method

Place the volume of distillation liquid specified for a given plant material in the flask, add a few pieces of
porous porcetain and join the condenser to the apparatus. Remove stopper (K') and introduce water
by tube (K} until it reaches level (B). Introduce the specified volume of xylene R or the solvent
specified for the given material, using a graduated pipette with its tip at the bottom of tube (K). Replace
stopper (K'), heat the liquid in the flask until it begins to boil and adjust the distillation rate to 2-3 mi per
minute, unless otherwise specified.

For the determination of the distillation rate, lower the level of water while distilling by means of a three-
way tap until the meniscus is at the level of the lower mark (see Figure 2). Close the tap and
simultanecusly start a stop-watch. As soon as the level in the 5-mi bulb reaches the fevel of the upper
mark, stop the watch and note the time necessary 1o fill the bulb between the two marks. Open the tap
and continue the distillation. Stop the heating after 30 minutes and 10 minutes later, record the
volume of solvent (xylene) collected in the graduated tube.

Introduce the specitied quantity of the plant material into the flask and continue the distiliation as
described above for the time and rate given in the instructions. After a further 10 minutes record the
volume of oil collected in the graduated tube and subtract the volume of solvent (xylene) previously
noted. The difference represents the voiume of volatile oils in the weight of plant material taken.
Calculate the content in mt of oil per 100 g of plant material.

9. DETERMINATION OF BITTERNESS VALUE

Medicinal plant materials which have a strong bitter taste ("bitters™ are employed in therapeutics for
their bitter effect and are utilized mostly as appetizing agents. The bitter effect stimulates secretions in
the gastrointestinal tract, especially of gastric juice. Other, lasser effects of some "bitters”™ have also
recently been entitied.

Bifler substances can be determined chemically. However, since they are mostly composed of two aor
more constituents with various degrees of bittarness, it is first necessary to measure the total
bitterness by using a biological method.

The bitter proparties of plant material are determined by comparing the threshold bitter concentration
of an extract of the materials with that of a diluted selution of quinine hydrochloride R. The bitterness
value is expressed in terms of units, equivalent to a diluted solution, containing 1 in 2000, of
quinine hydrochioride R.

Sate drinking water should be used as a vebhicle for the extraction of plant materials and for the mouth-
wash after each tasting. Taste buds dull quickly if distilled water is used. The hardness of water rarely
has any significant influence on the hitterness.

Sensitivity 10 bitterness is variable from person 1o person, and even for the same person it may vary at
different times (due to fatigue, smoking, or after eating strongly flavoured food). Therefore, the
determination of the threshold bitter concentration of the material to be tested against quinine
hydrochioride must be carried out by the same person within a short space of time, The bitter
sensation is not felt by the whole surface of the tongue, but is limited to the upper and lateral parns of
the base of the tongue. The person carrying out the test requires a certain amount of training to
determine the threshokl concentration of the solution. A determination is first made of the threshold
concentration of quinine hydrochloride R, and then of the material to be tested. A person who does
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not appreciate a bitter sensation when tasting a solution containing 0.058 mg of quinine
hydrochloride R is not suitable for this determination.

The proparation of the stock solution of the plant material to be tested (5T) should be specified for a

given material. In single test series, unless otherwise specified, always starnt the determination with the
lowest concentration in order to retain sufficient sensitivity of the taste buds.

Recommended procedure

Preparation of solutions

— Stock and diluted quinine hydrochloride solutions

Dissolve 0.100 g of quinine hydrochloride R in sufficient safe drinking water to produce 100 mi.

Further ditute 5 ml of this solution to 500 ml with safe drinking water. This stock solution of quinine
hydrochloride (Sq) contains 0.01 mg/mi. Use 9 test-tubes for the serial dilution as indicated in the

table below for the initial test.

initlal test
______ T B tube no. o )
1 2 3 4 5 6 7 8 9
Sq(m] 42 44 46 48 50 52 54 56 58
safe drinking
water jmi} 5.8 5.6 54 52 5.0 4.8 468 4.4 4.2

quinine hydro-
chioride in 10 mi
ot solution{= c)[mI] 0.042 0.044 0.046 0.048 0.050 0.052 0.054 0.056 0.058

- Stock and diluted solutions of the plant material

Prepare the solution as specified for a given material (ST). Use 10 test-tubes for the serial dilutions as
indicated in the table below for the second test.

Second test

tube no.

1 2 3 4 5 6 7 8 9 10

ST (=b) [mi] 1.00 200 3.00 400 500 6.00 7.00 8.00 8.00 100

safe drinking
water [mi} 9.00 8.00 7.00 &00 500 400 3.00 200 1.00 -

Method

After rinsing the mouth with safe drinking water, taste 10 mi of the dilution swirling it in the mouth
mainly near the base of the tongue for 30 seconds. Uniess otherwise specified, always begin with the
loweast concentration of the serial dilution. If the bitter sensation is no Jonger felt, withdraw the solution
and wait for 1 minute to ascenain that there is no delayed sensitivity. Then rinse with safe drinking
water. The next highest concentration of dilution should not be tasted until at least 10 minutes have
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passed. The threshold bitter concentration is the lowest concentration of dilution at which a material
still provokes a bitter sensation. After the first series of tests, rinse the mouth thoroughly with safe
drinking water, until no bitter sensation remains and wait for at least 10 minutes before carrying out the
second series of tests.

In this series of testing and in order o save time, it is advisable to first ascertain whether the solution in
tube no. 5 (containing 5 ml of ST in 10 mi) gives a bitter sensation. if noted, find the threshold bitter
concentration of the material by tasting the difutions in tubes nos. 1-4. If the solution in tube no. 5
does not give a bitter sensation, find the threshold bitter concentration in the dilutions of tubes nos. 6-
10.

All solutions and the safe drinking water for mouthwashing should be at 2025 °C.

Calculation '
2000x¢
= bhitterness value in units/q
axb
where a = the quantity of material in mg/mi of ST,
b = the volume of ST in ml per 10 mi of the dilution of threshold

bitter concentration, and
¢ = the quantity of quinine hydrochlioride R in mg per 10 mi of the
dilution of threshold bitter concentration.

10. DETERMINATION OF HAEMOLYTIC ACTIVITY

Many maedicinal plant materials, especially those derived from Caryophyllaceae, Araliaceae,
Sapindaceae, Primulaceae, and Dioscoreaceae confain saponins. The most characteristic property of
saponins is their ability to cause haemolysis. Haemoglobin diffuses into the surrounding mediurm when
a change occurs in the erythrocyte membranes.

The haemolytic activity of plant materials, or a preparation containing saponins, is determined by
comparison with that of a reference material of saponin R which has a haemolytic activity of 1000 units
per g. A suspension of red blood cells is mixed with equal volumes of a serial dilution of the plant
material extract. The lowest concentration to effect complete haemolysis is determined, after allowing
to stand for a specified period of time. A similar test is carmied out simultaneously with saponin R.

Procedures proposed for the determination of the haemolytic activity of saponaceous medicinal plant
material are all based on the same principle with few varying details, e.g. the source of red blood cells,
methods for the preparation of the red blood cell suspension and the plant material extract, the
defined haemolytic activity of the reference material of saponin, and the experimental method. In order
to obtain reliable results, it is essential to standardize the experimental conditions, and especially to
determine the haemolytic activity by comparison with that of saponin R.

Recommended procedure

For the preparation of the blood suspension fill a glass-stoppered flask to 1/10th of its volume with
sodium citrate (36.5 g/) TS, swirling to ensure that the inside of the flask is thoroughly moistened.
introduce the freshly shed blood of a healthy ox and shake immediately. The citrated blood prepared
as such can be stored for about 8 days at 2-4 °C. Using a 50-ml volumetric flask carefully diiute 1 mi of
the citrated blood with sufficient phosphate butter pH 7.4 TS to volume, This diluted blood
suspension (2 % solution) can be used as long as the supernatant tluid remains clear and colourless. it
must be stored at a cool temperatura.

For the reference solution, transfer about 10 mg of saponin R, accurately weighed, to a volumetric flask
and add sufficient phosphate buffer pH 7.4 TS 10 produce 100 mi. This solution should be freshly
prepared.
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The extract of plant materials and dilutions should be prepared as specified for a given material, using
phosphate buffer pH 7.4 TS,

Preliminary test

Prepare a serial dilution of the plant material extract with phosphate buffer pH 7.4 TS and blood
suspension (2 %) using 4 test-tubes as givan in the following table:

tube no.
1 2 3 4
plant material extract [mi} 0.10 0.20 050 1.00

phosphate butfer ph 7.4 TS [mi] 0.90 0.80 050 -
blood suspension (2 %) fmi] 1.00 1.00 1.00 1.00

As s00n as the tubes have been prepared, gently invert them to mix and avoid the formation of foam.
Shake again after a 30-minute interval and allow to stand for 6 hours at room temperature, Examine
the tubes and record in which dilution total haemolysis has occurred,.indicated by a clear, red solution
without any deposit of red cells.

- If total haemolysis is only observed in tube no. 4, use the original plant material extract directly for
the main test.

- If total haemolysis is observed in tubes 3 and 4, prepare a two-fold dilution of the original plant
material extract with phosphate buffer pH 7.4 TS.

- i total haemolysis is observed in tubes 2, 3 and 4, prepare a five-fold dilution as described
above.

- If, afler 6 hours, all 4 tubes contain a clear, red solution, prepare a ten-fold dilution and carry
out the preliminary test as described above.

- It total haemolysis is not observed in any of the tubes, repeat the preliminary test using a more
concentrated plant material extract.

Main test
Prepare a serial dilution of the plant material extract, undiluted or diluted as determined by the

preliminary test, with phosphate buffer pH 7.4 TS and blood suspension (2 %) using 13 test-tubes as
given in the lollowing tahle:

tube no.

drug extract
(diluted it
necassary) [ml] 040 045 050 055 060 065 070 0.75 080 085 090 095 100

phosphate
butfer
pH 7.4 TS [mi] 060 055 050 045 040 035 030 025 020 0.5 010 005 -

blod
suspansion
(2 %) {ml] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 100 1.00

Carry out the dilutions and evaluations as in the preliminary test but observe the results after 24 hours.
Calculate the amount of medicinal plant material in g, or of the preparation in g or ml, which produces
total haemolysis (b).
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Test tor saponin
To eliminate the efect of individual variations in resistance of the blood suspension 1o saponin

solutions, prepare a series of dilutions of saponin R in the same manner as described above for the
plart materiat extract. Calculate the quantity of saponin R in g which produces total haemolysis (a)-

Caiculation

The haemolytic activity of the medicinal plant material is obtained using the following formuia:

a
Haemolytic activity =1000 x —
b
where 1000 = the defined haemolytic activity of saponin R in relation to ox bloed .
a = quantity of saponin Ring
b = quantity of plart material in g

11. DETERMINATION OF TANNINS

Tanning {or tanning substances) are substances capable of turning animal hides into leather by binding
proteins to form water-insoluble substances which are resistant to proteolytic enzymes. This process,
when applied to living tissue, is known as an “astringent” action and is the reason for the therapeutic
application of tannins.

Chemically, tannins are complex substances; they usually occur as mixtures of polyphenols that are
very difficult to separate and crystailize. They are easily oxidized and polymerized in solution and i this
happens they lose much of their astringent effect and are therefore of little therapeutic value.

Recommended procedura

For the preparation of the plant material extract, introduce the speciftied quantity of the given material,
previously powdered to a known fineness and weighed accurately, into a conica! flask. Add 150 ml of
water and heat over a boiling water-bath for 30 minutes. Cool, transter the mixture to a 250-mi
volumetric flask with water and dilute to volume with water. Allow the solid material to settle and filter the
liquid through a filter-paper, diameter 12 ¢m, discarding the first 50 mi of the filtrate.

Determing the total amount of material extractable into water, by evaporating 50.0 mi of the plant
material extract to dryness, and drying the residue in an oven at 105 °C for 4 hours and weigh (71).

Determine the amount of plant material not bound to the hide powder extractable into water; taking
80.0 ml of the plant material extract, add 6.0 g of hide powder R and shake well for 60 minutes.
Filter and evaporate 50.0 ml of the clear filtrate to dryness. Dry the residue in an oven at 105 °C and
weigh (Tg}.

Determine the solubility of hide powder; taking 6.0 g of hide powder R, add 80.0 mi of water and
shake well for 60 minutes. Filter and evaporate 50.0 ml of the clear filtrate to dryness. Dry the residue
in an oven at 105 °C and weigh {Tp).

Calculation:
[T1-(T2+Tg)] x 500
Quantity of tannins in % =

w

where w = the weight of the plant material in g.
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12. DETERMINATION OF SWELLING INDEX

Many medicinal plant materials are of specific therapeutic or pharmacsutical utility for their swelting
properties, especially gums and those containing an appreciable amount of mucilage, pectin and
hemicallulose.

The swelling index is the volume in ml taken up by the swelling of 1 g of plant material under specified
conditions.

The daetermination is based on the addition of water or a swelling agent as specified for the given plant
material (either whole, cut or pulverized). Using a glass-stoppered measuring cylinder, the material is
shaken repeatedly for 1 hour and allowed {0 stand for a specified period of time. The volume of the
mixture {in ml) is then read.

The dimensions of measuring cylinders should be specified, especially the internal diameter of the
graduated par, and the width of the scale.

The mixing of whole plant material with the swelling agent is easy to perform, but cut or pulverized
material requires rigorous shaking at determined intervals to ensure even distribution of the material in
the swelling agent. The conventional method of shaking is used.

Recommended procedure

Carry out simultaneously not less than 3 determinations of any material. Introduce the quantity of the
specified plant material, previously reduced to the required fineness and accurately weighed, info a
25-ml glass-stoppered measuring cylinder. The length of the graduated portion of the cylinder should
be ~125 mm, the internal diameter ~16 mm subdivided in 0.2 ml and marked from 0 to 25 ml in an
upwards direction. Add 25 mi of water unless otherwise specified, and shake the mixture thoroughly
at intervals of avery 10 minutes for 1 hour. Allow to stand for 3 hours at room {emperature, Or as
specified. Measure the volume in ml occupied by the plant material, including any sticky mucilage.
Calculate the mean value of the individual determinations, related to 1 g of piant material.

13. DETERMINATION OF FOAMING INDEX

Many medicinal plant materials contain saponins that can cause a persistent foam when an aqueous
decoction is shaken. In order to measure the foaming ability of an aqueous decoction of plant materials
and their extracts a foaming index is established.

Racommendead procedure

Reduce about 1 g of the plant material 1o a coarse powder (sieve size no. 1250), weigh accurately and
transter to a 500-mi conical flask containing 100 mi of boiling water. Maintain at moderate boiling for
30 minutes. Cool and filter into a 100-ml volumetric flask and add sufficient water through the filter to
dilute the volume to 100 mi.

Piace the above decoction into 10 stoppered test-tubes (height 16 cm, diameter 16 mm) in a series
of successive portions of 1, 2, 3, up to 10 mi and adjust the volume of the liquid in each tube with water
10 10 ml, Stopper the tubes and shake them in a lengthwise motion for 15 seconds, 2 frequencies
per second. Allow to stand for 15 minutes and measure the height of the foam.

— It the height of the foam in every tube is less than 1 cm, the foaming index is less than 100.

—~  Itin any tube a height of foam of 1 ¢m is measured, the dilution of the plant material in this tube
[a] is the index sought. i this tube is the first or second fube in a series, it is necessary 10 make
up an intermediate dilution prepared in a similar manner to obtain a more precise result.

- i the height of tha foam is more than 1 cm in every tube, the foaming index is over 1000. In this
case the determination needs 1o be made on a new series of dilutions of the decoction in order
to obtain a result.
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Calculation
1000
Foaming index = —
a

where a is the volume in ml of the decoction used for preparing the dilution in the tube whera foaming
is observed.

14. DETERMINATION OF PESTICIDE RESIDUES

A. CLASSICAL METHOD

The use of pesticides has greatly reduced the presence of insects, fungt and moulds in food.
Medicinal plant materials are therefore liable to be aiffected by pesticide residues which accumulate
from agricultural practices of spraying, treating soils during cultivation, and through the administration
of fumigants during storage.

Since many medicinal preparations of plant origin are taken over long periods of time, limits for
pesticide residues should be established following the recommendations of the Food and Agriculture
Organization (FAQ) and the World Health Organization (WHO) (Codex Alimentarius) which have already
been established for food and animal feed.” These recommendead guidelines include the analytical
methodology of pesticide residues.

Classifleation of pesticldes

Pesticides may be designated according to their intended purpose”” :

- rodenticides (against rats, mice, moles, and ather rodents);

insecticides (against various insects, and also applicable 1o certain types of arthropods);

- herbicides (against weeds and undesirable plants); and
fungicides (against all types of fungi).

E

However, a classification based on the chemical composition and/or structure of the pesticide is
analytically more useful:

- chlorinated hydrocarbons and related pesticides: alkdrin, benzene hexachloride-BHC (or
hexachlorocyclohexane (HCH) hexachlorobenzene (HCB), chlordane, DDT™™ , dieldrin, endrin,
heptachior, lindane, methoxychlor, toxaphene (camphechior)

. chiorinated phenoxyalkanoic acid herbicides: 2,4-D; 2.4 5-T

LA 4l

- organophosphorus pesticides: carbophenothion™" , chlorthion, coumaphos
dichlorvos, dimethoate, ethion, fenchlorphos™"*

, demeton,
» malathion, methyl parathion, parathion

= carbamate insecticides: carbaryl’
- dithioccarbamate fungicides: ferbam, maneb, nabam, thiram, zineb, ziram

. inorganic pesticides: aluminium phosphide, calcium arsenate, lead arsenate

Joint FAQ/WHO Feod Standards Programme, CAC/Vol. X1l - Ed.2, 19886.

Seo also: Public health impact of pesticides used in agricullure, published by the World Health
Crganization in collaboration with the United Nations Envitonmant Programme, 1890,

The International Nonproprietary Namea (INN) of this substance is ¢lofenctanae.

The international Nonproprietary Names (INN) of these substance are: carbofenotion, coumatos,
carbaril, fenclofos, respectivaly.

W
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pesticides of plant origin: tobacco jeaf and nicotine; pyrethrum fiower, extract and pyrethrokds:
Derris root and rotenoids

miscellaneous: bromopropylate, chioropicrin, ethylene dibromide, ethylene oxide, methyl
bromide.

Onily the chiorinated hydrocarbons and related pesticides (e.g. aldrin, BHC, chlordane, dieldrin, DDT)
and a few organophosphorus pesticides (e.g. carbophenothion) retain a long residual action, Most
other pesticides have very short residual actions. Therefore it is suggested, that where the length of
exposure 10 pesticides is unknown, the medicinal plant material should be tested for the presence, or
the content determined, of organically-bound chlorine and phasphorus.

Mothods for the determination of pesticide resldues

Chromatography and other procedures are the most successful when determining pesticide residues.
Samples are extracted by a standard procedure, impurities are removed by partition and/or adsorption,
and the presence of a moderately-broad spectrum of pesticides is measured in a single determination.
However, these techniques are not universally applicable. Some pesticides are carried through the
extraction and clean-up procedures satisfactorily, others are recovered with a poor yield, and some are
lost entirely. In chromatography the separations may not always be complete, pesticides may
decompose or metabolize, and many of these products are still unknown. Consequently, as a result of
limitations in the analytical technique and incomplete knowledge of pesticide interaction with the
environment, it is not yet possible to apply an integrated set of methods which will satisfy all situations.

Therefore, it is desirable to be able to test plant materials of unknown history for broad groups of
compounds rather than testing for individual pesticides. A variety of methods meet these
requirements. Chilorinated hydrocarbons and other pesticides containing chiorine in the molecule, for
example, can be detected by the measurement of total organic chlorine; insecticides conlaining
phosphate can be measured by analysis for total organic phosphorus, while pesticides containing
arsenic and lead can be detected by measurement of total arsenic or lead, respectively. Similarly, the
measurement in a sample of total bound carbon disulfide will provide information on whether residues
of the dithiocarbamate family of fungicides are present.

On the other hand, if the pesticikle 1o which the plant material has been exposed is known or can be
identified by suitable means, a well-established method for the determination of that particular
pesticide residue should be employed.

General aspects on the analytical methodology

1. After collecting the samples they should be tested as quickly as possible before any physical and
chemical changes occur. If prolonged storage is envisaged, the samples should preferable be stored
in air-tight containers under refrigeration. Alternatively, the material can be extracted and any solvent
should be removed. The extracts shouk] be stored in a cool place.

2. Light can cause degradation of many pesticides, therefore it is advisable to protect the samples and
any exiracts or sofutions from undue exposure.

3. The type of container or wrapping material used should not interfere with the sample or cause
erroneous analytical results.

4, Solvents and reagent used in the analytical method shoukd be tree of substances that may interfere
with the reaction, alter the results or that may provoke degradation of the pesticide residue in the
sample. Usually, it is necessary to employ specially purified solvents or to freshly distil them in an all-
glass apparatus. Blank determinations with the solvents should be carried out, concentrating and
testing them as described in the specified method.

5. The simplest and quickest procedure should be used to separate unwanted material from the
sample (clean-up procedure) in order to save time when many samples have to be tested.

6.Specitications that are changed or modified, should be described explicitly in the report with
supporting data, by the same person who carried out the determination.
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7. The process of concentrating solutions should be made with great care, especially during the
evaporation of the last traces of solvent in order to avoid losses of pesticide residues. For this reason, it
is often not advisable to remove the last traces of solvent. Agents, such as mineral oil or other vils of
low volatility that may help to preserve the solution could be added to retard the loss of the relatively
volatile pesticides, especially when the last traces of soivent have evaporated. However, thase agents,
while satisfactory in colorimetric procedures, are usually not desirable in gas chromatographic
methods. Heat-labile compounds may require a rotary-vacuum apparatus 1o evaporate them,

Maximum limit of pesticide residues for medicinal plant materials

A defined maximum residue limit for medicinal plant materials, including their preparations such as
tinctures, extracts, oils, etc. should be defined within the limits of pesticide residues set by the
FAQ/WHQO Codex Alimentarius at the lowest level acceptable for vegetable food products Since
medicinal plant matenials are usually taken in much smalier quantities than other food products, the
maximum residue limits (MRL) can be calculated based on the maximum acceptable daily intake of
pesticides for humans (ADI) and the maximum daily dose of the medicinal plant material (MDD).

Where the natura of the pesticide to which the plant material has been exposed Is unknown, it is
hecessary to determine only the content of total chiorine, and to base the calculation on the MRL of
the most toxic chlorine-containing pesticide (e.g. aldrin or diekdrin).

if the exact nature of the pesticide to which the vegetable drug has been exposed is known, the
determination of that particular pesticide residue can be carried out according to well-established
procedures.

Suggestions for future guidelines regarding pesticides

Escalation in the indiscriminate use of pesticides demands that a series of international
recominendations concerning the use of pesticides during cultivation of medicinal plants and storage
should be implemented. They should ideally include:

- a list of pesticides that are permitted during the cultivation of medicinal plants and storage;

. a list of pesticides that are not permitted;

- minimum time period to be observed between application of certain pesticides and harvesting;

. a list of medicinal plants indicating the diseases and pests to which they are susceptible,
together with the required pesticide to be used, its formulation and correct application.

Additionally, a requirement that the name of the pesticide(s) applied during cultivation and/or during
storage appear on the packaging of the final plant material or are included in the accompanying papers.

DETERMINATION OF TOTAL CHLORINE AND PHOSPHORUS

Most pesticides contain organically-bound chiorine or phosphorus.

Recommended procedure
Preparation of the samples

Reduce the material to a fine powder, and extract with a mixture of water and acetonitrile R. Pesticides
are mostly soluble in this solvent, while most cellular constituents (e.g., cellulose, proteins, amino
acids, starch, fats and related compounds) are sparingly soluble and are thus rermoved. A number of
polar and moderately polar compounds may also be dissolved. Therefore, it is necessary 1o transfer the
pesticides to light petroleum R. For pesticides containing chiorine, further purification is seldom
required; but for those containing phosphorus, further purification may be necessary by column
chromatography, eluting with mixtures of light petroleum R and ether R.
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Proparation of the column
Use the following support:

Florisil R {grade 60/100 PR), activated at 650 °C. If such material is obtained in bulk, transfer it
immediately after opening to a glass-stoppered 500 ml glass jar or bottle or has a foil-lined, screw-top
lid. Store in the dark. Before use, heat at not less than 130 °C, cool in a desiccator to room temperature
and heat once again to 130 °C after 2 days.

Prepare a Florisil column (22 mm, external diameter) which contains after seftling, 10 cm of activated
Fiorisil topped with about 1 cm of anhydrous sodium sulfate R. Pre-wet the column with 40-50 mi of
light petroleumn R. Place a graduated flask under the column to receive the eluate.

Procedure

Grind the material to pass sieve No. 710 or 840 and mix thoroughly. Place 20-50 g of the ground
sampie into a blender, add 350 mi of acetonitrile R with a water cortent of 35 % (to 350 ml of water
add sufficient acetonitrile R to produce 1000 ml). Blend for 5 minutes at a high speed. Filter under
vacuum through an appropriate funnel, diameter 12 cm, and fitted with filter-paper, into a 500-ml
suction flask.

Transter the filtrate to a 250-mi measuring cylinder and record the volume. Transfer the measured
filtrate to a 1-litre separating funnel and carefully add 100 mi of light petroleum R. Shake vigorously for
1-2 minutes, add 10 ml of sodium chloride (400 g/) TS and 600 ml of water. Hold the separating
funnel in a horizontal position and mix vigorously for 30-45 seconds. Allow to separate, discard the
aqueous layer and gently wash the solvent layer with two portions, each of 100 mt of water, Discard the
washings, transfer the solvent layer to a 100-ml glass-stoppered cylinder, and record the volume. Add
about 15 g of anhydrous sodium sulfate R and shake vigorously. The extract must not remain in
contact with this reagent fonger than 1 hour. Transfer the extract directly to a Florisil column, or if
necessary, reduce the volume first to 5-10 mi. Allow it to pass through the column at a rate of not more
than 5 ml per minute. Carefully sinse the cylinder with about two portions, each of 5 mi of light
petroleun R, transfer them to the column, rinse with further small portions of light petroleum R, if
necessary, and then elute keeping the same rate with 200 ml of ether/light petroleum T51. Change
the receiver and elute with 200 ml of ether/light petroleurn TS2. Again change the receiver and elute
with 200 mi of ether/light petroleum TS3.

Evaporate each eluate o a suitable volume, as required, for further testing.

- The first eluate contains chiorinated pesticides (aldrin, BHC, DDE, DDD (TDE), o.p- and p,p*-
DDT, heptachlor, heptachlor epoxide, lindane, methoxychlor), polychlorinated biphenyls (PGB},
arxd phosphated pesticides (carbophenothion, ethion, and fenchiorphos).

—~  The second eluate contains chiorinated pesticides (dieldrin and endrin) and phosphated
pesticides (methyl parathion, and parathion).

—  The third eluate contains phosphated pesticide (malathion}.

Combustion of the organic matter

Gombustion of the organic matter in oxygen is the preparatory step for the determination of chlorine
and phosphorus.

The pesticide is extracted from the sample and purified, if necessary. The extract is concentrated,
evaporated to dryness, transferred to a sample holder, and burned in a suitable conical flask in an
atmosphere of oxygen. The gases produced during combustion are then absorbed in a suitable
solution, and the absorbed chlorine as chioride or the absorbed phosphorus as orthophosphate, both
determined colorimetrically.
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Apparalus

The combustion is carried out in a 1-litre conical flask made of borosilicate glass inte the stopper of
which is fused one end of a piece of platinum wire about 1 mm in diameter. To the free end of the wire
is attached a piaca of platinum gauze measuring about 1.5 x 2 em to provide a means of hoiding the
sample ciear of the absorbing liquid during combustion.

a  Sample holder for chlorine-conaining residues

For a small quantity of material, use a sample holder made from a piece of halide-free filter-paper about
5 cm fong andd 3 cm wide; for a small volume, preferably use a sample holder in the form of a cone
made from ¢ellulose acetate film. Prepare the cone as follows: wearing cloth gloves and using a
cardboard ternplate cut the film in a shape (4 ¢cm radius) as shown above. Manually pin the two edges
together to form a cone. Seal the joined: edges using heat and the seam formed is about 5 mm wide.
Immerse the seam into acelone R 1o about one-half of its width for 10 seconds. Remove and dry it
immediately in a stream of hot air. Using forceps, wash each cone by dipping them in a 1-litre beaker
containing warm sodium hydroxide (~240 g/l) TS for 10 seconds at a temperature of about 60 °C.
Rinse the cone thoroughly with water and allow to drain dry on a piece of aluminium foil. Place each
cone in a clean funnel (diameter 65 mm),

by} Sample holder for phosphorus-containing residues

Use a piece of halide-free fiter-paper about 4 cm square as the sample holder.

Combustion of chlarine-containing residues

Transfer an aliquot of the extract as prepared above onto the sample holder which is placed in a funnel
using a solvent that will not dissolve the sample holder. Aliow the solvent to evaporate, Wearing rubber
gioves, remove the sample holder and its dry contents from the funnel, and fold it over andup to forma
small packet, about 1 cm2 in area, place and secure it in the centre of the platinum gauze. Insert a
narrow strip of filter-paper, about 1 x 3 cm, as a fuse into the top of the holder between the folds of
the packet. Add 30 mi of water into the combustion flask, Moisteh the neck of the flask with water. Fill
the flask thoroughly with oxygen by means of a tube with its end just above the liquid. Ignite the free
end of the paper-strip and immediately insert the stopper. Hold the stopper firmly in place. When
vigorous burning has begun, tilt the fiask to prevent incompletely burned materiat from falling into the
iquid. Immediately after combustion is completed, shake the flask vigorously for 10 minutes to
completely dissolve the combustion products, place a little water around the rim of the flask, carefully
withdraw the stopper. Rinse the stopper, platinum wire, platinum gauze and sides of the Hask with
water. Transter the liquid and Hiquids used for rinsing to a 50-ml volumetric flask and dilute to volume
with waler.

Combustion of phosphorus-containing residues

Dip the sample holder made from filter-paper into methanolic sodium hydroxide TS, then suspend it in
a current of heated air. iImmediately transfer about 0.2 mi of an aliquot of the extract as prepared abova
10 the sample holder with the aid of 0.2 ml portions of chloroform R using a micropipette. Allow the
solvent to evaporate from the paper, fold it to about 1 cm?2 size and place it in the platinum gauze. Insert
a strip of filter-paper, about 1 x 3 cm, as a fuse into the top of the holder between the fokis of the
packet. Add 10 mi of sulfuric acid (~37 g/l) TS 10 the combustion flask and continue with the
combustion as described above. Transfer the solution and the liquid used for rinsing to a 25-mi
volumetric flask and dilute to volume with water.

DETERMINATION OF CHLORIDES
Apparatus

A spectrophotometer capable of measuring the absorbance at 460 hm using absorption celis with
path-lengths of 2- and 10-cm.
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Procedure

Place 15 ml of the solution obtained aftes combustion in a 50-mi conical flask together with 1 mi of
ferric ammonium sulfate (0.25 mol/) VS and 3 mi of mercuric thiocyanate TS. Swirl the contents of the
flask and allow to stand for 10 minutes. Transfer a portion of the solution to a 2-cm cell and measure
tha absorbance at 460 nm using water in the reference call. The reading should be made promptly to
minimize absorption of chloride from the air.

Prepare a standard solution of sodium chloride R containing 5 ug of chloride per mi, Transfer
aliquots of this solution (0, 2, 4, 6, 8, and 10 ml) into a series of 50-mi conical flasks and dilute the
volumes to 15 mi with water. Develop the colour and measure the absorbances as described above.
Prepare a curve, plotting the absorbances against the pg of chlorides per mi of the dilutions and
interpolate the content of chiorides in the solutions of the material tested.

DETERMINATION OF PHOSPHATES

The phosphomolybdate method is based on the reaction of phosphate ions with ammonium
molybdate to form a molybdophosphate complex, which is subsequently reduced to form a strongly
blue-coloured molybdenum complex. The intensity of the blue colour is measured
spectrophotometrically. This method is applicable for the determination of any phosphates that have
undergone a prior separation procedure.

Naturally-occurring phosphates are present in most samples, and are often not removed during the
clean-up procedure. Therefore, in order to obtain background values, it is necessary 10 proceed with
the determination for all samples, even those containing no phosphate-pesticides. These values
should be subtracted from the results obtained on testing pesticide residues. Extracts of most
uncontaminated materials contain about 0.05-0.1 ppm of phosphorus. Therefore, no contamination
of organophosphate pesticides can be assumed for in the range of 0.05-0.1 ppm.

Apparatus

A spectrophotometer capable of measuring the absorbance at 820 nm using an absorption call with a
path-length of 1-cm.

Procedure

Place an aliquot (7 mi) of the solution obtained after combustion in a calibrated 10 ml test-tube, Add
2.2 ml of sulfuric acid (300 g/l) TS and mix the solution well. Add 0.4 mi of ammonium molybdate
(40 g/} TS and swirl the contenis of the flask. Then add 0.4 ml of aminonaphtholsutfonic acid TS and
swirl the flask again. Heat the solution to 100 °C for 12 minutes +2 minutes, cool, and transler a
portion of it to a 1-cm cell. Measure the absorbance at 820 nm using water in the reference cell.

Prepare standard dilutions with a known content of phosphate and measure the absorbance as

described above. Prepare a curve, plotting the absorbances against the ug of phosphates per mi of
the dilutions and interpolate the content of phosphates in the solutions of the material tested.

B. FIRST APPROACH
Classlification of pesticides

The General Notices of the European Pharmacopoeia, Part I, section IV should be used as a guideline
for parmissible limits of: :
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insecticides

fungicides and nematocides

harbicides

other pasticides (e.q. acaricides, molluscicides, rodenticides)
fumigants (e.g. ethylene oxide, ethylene chlorohydrin, methyl bromide)
heavy metals

Determination of limits
Limits can be determined and defined in two different ways:
1.  According 10 the formuia:

ADI x B0 kg (bw) x extraction factor

MDI x safety factor 100

where; ADI = Acceptable Daily Intake, value of FAO/'WHO
bw = body weight
MDI = Mean Daily Intake of drug

2.  Incompliance e.g. with the following national requirements:

. The Order of Maximum Limits for Pesticides of the Federal Republic of Germany of 24 June
1982, as amended on 18 April 1884, with special reference to the maximum permissible
quantities for tea and products similar to tea; and

- with the 1986 guideline values, issued by the Central Determination and Appraisal Linit (ZEBS)
of the Federal Health Ctfice in Berlin, for lead, cadmium and mercury.

Maximum iim#t of pesticide residues for medicinal plant materials

It is proposed that monographs for specific pesticides should be included in a "WHO pesticides
guideline for plant materials and pharmaceutical preparations”.

The following lists of pesticides are proposed as the basis of a minimum testing programme of
generally-present residues:

Organochlorine pesticides (insecticides and fungicides)

Alpha-HCH
hexachlorobenzene
beta-HCH

lindane

quintozene
delta-HCH
heptachior

akirin
heptachlorepoxide
o, p-DDE
alpha-endosulfan
dieldrin

p.p'-DDE

0,p-DDD

andrin
bheta-endosulfan

p, p-DDD

o, p-DDT
endosulfan sulfate
p, p-DDT {= sequence in GC for methoxychlor - see procedure above)
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dichiorvos

PCBs

pentachlorophenol _

toxaphene or 3-5 major peaks from the mixiure of technical polychlorinated camphenes.

Organophosphorous acid insecticides

chiorfenvinphos™

chlorpyrifos an chlorpyrifos-methyl
dimethoate

fenchlorphos

malathion

parathion

methyl parathion

paracxon-methyl
pirimiphos-methyl

Harbicides

atrazine ‘
dithiocarbamate

monuron and monolinuron

carbaryl
chiorbufam
chlorpropham
desmetryn
prometryn
simazine

Recommendations for establishment of an International List of Pesticides

These recommendations shoukl promote:

1. The establishment of a list of pesticides which are not considered to be suitabie on the basis of
national consultations for application to medicinal plant materials anywhere in the world.

2. The establishment of a list of pesticides that are considered to be suitable for application to
medicinal plant materials."”

3. The recognition of The Order of Maximum Limits for Pesticides established by the Federal ®
Republic of Germany of 18 April 1984 for foodstuffs and also for medicinal plant materials, For
the toxicological evaluation a formula  should be applied.

4.  To publish a WHO recommendation of appropriate test procedures for plant materiais and
pharmaceutical preparations.

ANALYSIS OF ORGANOCHLORINE PESTICIDES

A WHO recommendation should be proposed for plant materials and pharmaceutical preparations, that
every country producing medicinal plant materials (naturally grown and/or cultivated) should have at
least one control laboratory available capable of performing the determination of pesticides in
accordance with the procedure beiow.

The Intarnational Nonpropriatary Name (INN) of this substance is clofanvinfos.

A recommendation by the Intemational Society for Horticultural Science (ISHS) could serve as a basis for
thesae two lists; Official herbicide recommendations for vegetable crops, herbs and madicinal plants,
ISHS, The Hague, 1981,

Schilcher, H., H. Paters and H. Wank, Pham. Ind. 49, 203-211 (1987).
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QUALITATIVE AND QUANTITATIVE DETERMINATION OF ORGANOCHLORINE
PESTICIDES

Recommended procedure
Preparation of sample

Place 20 g of powdered plant matenal (mash size 180), accurately weighed, in a 500-ml beaker {tall
form), mix with 98 mi of water and allow to macerate for at least 30 minutes. Add 200 ml of acetone R
and extract during 5 minutes, while cooling and using a high-speed mixer, Filter the homoegenized
mixture through a porcelain fiker (Bachner funnel, 70 mm diameter) fitted with a filter-paper using a
slight vacuum, into a 250-mi graduated cylinder, allowing the process to last no longer than 1 minute or
to break it up after this time span, and then measure the volume [V] of the filirate in ml .

Procedure

Transfer the above filirate 10 a 500-ml separating funhel. Add a quantity of sodium chiaride R in g
equivalent to one-tenth of the volume of the filtrate and 100 ml of dichloromethane R. Shake
vigorously for 5§ minutes, allow the phases to separate and discard the lower (agueous) layer. Dry the
acetone-dichioromethane phase, transfer it to a 500-ml conical flask, add 26 g of anhydrous sodium
sulfate R and swirl occasionally. Nex, fitter the solution into a 500-ml flask with a ground-glass stopper
using a glass funne! (100 mm diameter) containing purified glass-wool and anhydrous sodium sulfate
R. Rinse the separating funnel, the conical flask and glass funnel twice with 10 mi of ethy! acetate R.
Add & mi of 2,2 4-trimethylpentane R, and concentrate the crude extract to about 2 mi in a rotary
vacuum evaporator and a water-bath at 30-40 °C. Expel the remaining solvent in a gentle stream of air.

For the purification by gel chromatography, macerate 50 g of suitable beads (e.g. 5-X3 bio-beads) in
an elution mixture of cyclohexane R and ethyl acetate R (1:1) and pour them into a chromatography
column (length 600 mm, diameter, 25 mm). Rinse the gel bed with the elution mixture under air-free
conditions, the column being adapted to a vacuum pump. Dissolve the extract in the flask with 5.0 mi
of ethyl acetate R. Add 2 g of anhydrous sodium sulfate R, swirl gently and add 5.0 mt! of cyclohexane
R. Filter the completely dissolved crude extract through a rapid filter into a ground glass stoppered 10-
mi test-tube and close the tube immediately. Then transfer 5.0 mi of the filtrate onto the gel column.
Elute the pesticides with the elution mixture at an average rate of 5.0 mi/minute. The components of
the plant materials to be separated leave the gel column first, followed by the active pesticidal
ingredients. Fractionation must be determined again for each column, using appropriate reference
substances.

Discard the first fraction {(about 100 ml) conaining the impurities. Collect the organochlorine pesticides
appearing in the next eluate (about 70 mi) in a ground-glass stoppered flask. Add 10 mi of 2,2,4-
trimethylpentane R and concentrate the solution to about 5 mi in a rotary vacuum evaporator and a
water-bath at 30-40 °C. Pipette another 5 ml of 2,2,4-trimethylpentane R into the flask and carefuily
evaporate the solution to about 1 mi (do not allow to become completely dry).

Calculation:
volume [V] of fitrate
{g1) of plant material in the purified extract = = sample weight in (g)
590

For the subsequent purification, transfer 1 g of previously deactivated silica gel for column
chromatography (70-230 mesh) containing 1.5 % of water, to a tube for chromatography (length,
25 cm; internal diameter, 7 mm). Top the content of the column with 10 mm of anhydrous sodium
sulfate R and cover with purified glass-wool. Before use rinse the column with 5 ml hexane R. Aliow
the solvent to reach the surface of the column filling, then transfer quantitatively, by means of a
pipette, the purified extract obtained by gel chromatography from the flask to the prepared silica gel
column and rinse with 1 ml hexane R. Set the flask aside for subsequent elutions.

Use a 10-ml volumetric flask as the receiver, elute any residues of polychlorinated biphenyls from the
column with 10 mi hexane R (= eluate 0). Add 2 m! of an elution mixture composed of toluene
R/hexane R (35:65) to the flask and swirl. Quantitatively transfer the solution to the column. Using
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another 10-mi volumetric flask as the receiver, elute the maijority of the organochlorine pesticides from
the silica gel column using 6 mi of the same elution mixture. Dilute the flasks to volume with the elution
mixture (= eluate 1).

Rinse the flask with 2 ml of toluene R and quantitatively transfer it to the column. Collect the eluate in a
third 10-mi volumetric flask. Add 8 mi of toluene R to the flask, swirl and transfer the solution to the
silica gel column, elute the remaining organochiorine pesticides using the same raceiver. Dilute the
flask 10 volume with toluene R (= eluate 2).

Evaluate the test solutions by capillary gas chromatography using an ECD. Confirm the findings
obtained for the main column (first separation system) with a second capillary column of different
polarity (second separation system).

Determination by gas chromatography

A capillary gas chromatograph with an ECD s used for the measurement. Helium R is used as the
carrier gas and a mixture of 95:5 of argon-methane R as an auxitiary gas for the detection.

First separation system

Silica column, vitreous, 30 m (internal diameter 0.25 mm) packed with a chemically-bound phase of
5 % phenyl/95 % methyl-polysiloxane (e.g. DB-5 from J & W Scientific) and using the foilowing
temperature prograrmme:

- kaep at 60 °C for 0.5 minutes;
- heat at a rate of 30 °C/minute to 160 °C and keep at this temperature for 2 minutes;
—  heat at a rate of 2 °C/minute to 250 °C and keep at this temperature for 5 minutes.

Sample solution to be injected:

- use a "splivspiit-free” injector and maintain the injection port at a temperature of 240 °C;
~  inject a volume of 1 pl at a rate of 30 seconds ("split-free”).

Detector temperature: 300 °C.
Sacond separation system

Silica column, vitreous, 15 m (internal diameter 0.25 mm) packed with a chemically-bound phase of
7 % cyanopropyl, 7 % phenyl, 86 % methyl-polysiloxane (e.g. DB 1701 from J & W Scientific). Use
the following temperature programme:

- keep at 60 °C for 0.2 minutes;
- heat at a rate of 30 °C/minute to 180 °C and keep at this temperature for 1 minute;
-  heat at a rate of 2 °C/minute to 250 °C and keep at this temperature for 5 minutes.

Sample solution to be injected:
- use an on-column injector;
- inject a volume of 1 pl.

Detector temperature: 300 °C

Use the “external standard” method for the qualitative and quantitative evaluation of the
organochiorine pesticides in the test solutions with reference solutions of the following pesticides:

-, B-, v- and §-hexachlorocyciohexane (HCH); hexachlorobenzene; quintozene; aldrin; dieldrin;
endrin: a- and b-endosulfan; endosulfan sulfate; heptachior, heptachlorepoxide; toxaphene
(camphechlor); DDD, DDE and DDT (both o,p™ and p,p'- isomers); methoxychior.

The concentration of the residues is calculated by measuring the peak height of the pesticides
obtained in the chromatograms :
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hy 10 W
Residue content (ma/kyg) = ps
w hr
where:;
hy = peak height obtained for the st solution in mm
w o= quantity of sample in the puritied extract
W = quantity in ng of pesticide in the reference solution injected
hy = peak height obtained for the reference solution in mm.

ANALYSIS OF ESTERS OF ORGANOPHOSPHORUS COMPOUNDS

The extraction and the clean-up procedures can be performed as desbribéd above, but the detection
requires a P-FID,

ANALYSIS OF HERBICIDE RESIDUES

An official "plant material certificate” should state the follbwing:

{a) the name of the herbicide used;
{b) its amourt in (kgha):
{c) the date of last application.

C. SECOND APPROACH
Maximum resldue Hmits (MRL) tor medicinal plant materials

Due 1o the specific requirements of pharmaceutical preparations, the determination of MRL cannaot be
based solely on the WHO/FAO recommendations which are designated 1o cover foodstutfs alone,

The toxicological evaluation of residues in medicinal ptant materials ¢an be determined according to
the intake of material by a patient. The ratio between material and food consumption should not
exceed 1 % of the permissible total intake for man. For example, it would not be admissible if 30-50 %
of the acceptable daily intake of heavy metals or pesticide residues, which primarily derive from toogd
and drinking water, were t0 be accounted for by the additional consumption of medicinal plant
materials. These values are reached if the calculation is based on the extremely high residue levels of
pesticides or the heavy metals in medicinal plant matetials. Therefore, it is important to determing the
quantity of residues actually consumed by the subject in the final dosage form. The quantity of
residues in medicinal plant materials is of toxicological significance only if it is ingested in large
quantities, such as is the cage with linseed.

Despite the high amounts of residue present in certain plant materials, only smaller quantities remain
after an exiraction process due to low solubility in water or ethanol,

Similarly, for heavy metal residues, the “theoretical” maximum permissible limits, the PTWI" values of
FAO/WHO, should be calculated using the following formula:

ADI (rﬂg/kg) % 60 kg body weight x extraction factor

= theoretical MRL
average daily drug consumption (kg) x safety factor 100

This formula is based on the acceptable daily intake (ADI) determined by FAQ and WHO.

PTWi: provisional tolerable weekly intake.
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DETERMINATION OF PESTICIDE RESIDUES IN PLANT MATERIAL
Recommended procedure:
Preparation of the sample
For the total determination mix thoroughly 1 kg of plant material.
In order to obtain reliable chromatographic results

- repeat the separation using another column

- use a different separation system

—  use a different delector system

- apply a coupling technique

- prepare a darivation

- parform chromatography with a mixture of the sample and a reference substance

- change the sample preparation

- use a fractionated elution during the column-chromatography clean-up procedure of the plart
extract and test every traction by chromatography

- compare the distribution coefficient of the material with that of a reference substance.

Prior to the quantitative determination of the material 1o be tested, check whether linearity exists
between the values obtained in the range of 0.1 - to 2-fold concentration . Otherwise, prepare another
concentration range or evaluate the results by using a reference curve. Use any suitable mechanical or
manual technique for the chromatographic determination.

Store the reference solutions protected from light to prevent decomposition. Use glass vessels closed
with glass stoppers and keep them in a container saturated with the solvent employed to avoid any
increase in concentration due to evaporation. Check the loss by evaporation by interim weighing of the
vessels,

Use concentrated reference solutions no longer than 6 months and diluted reference solutions no
longer than 4 weeks.

Rate of recovery

The rate of recovery {R) is the fraction in % of the reference material added to the plant material,
determined under the conditions of the method described below.

Repeat the determination if the rate of recovery does not comply with the range provided in the
specifications for the given plant material.

DETERMINATION OF DESMETHYN, PROMETRYN AND SIMAZINE RESIDUES

Use the extracts as indicated below for the following plant materials :

no. material no. material

1 Flores Calendulae 10 Fructus Feeniculi

2 Flares Chamomillae 1 Herba Millefolii

3 Folia Melissae 12 Herba Flantaginis anceolatae
4 Folia Menthae piperitae 1 13 Radix Althaeae

5 Folia Salviae 14 Radix Angelicae

6 Folia Thymi 15 Radix Levistici

7 Fructus Carvi 16 Radix Petroselini

8 Fructus Coriandri 17 Radix Valerianae

9 Fructus Cynobasti

For materials no. 1 and 2, use an especially purified extract, whergas for materials no. 317 use a
purified extract.
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Determination of the rate of recovery
Prepare 5 individual samples as follows:

. Place 10.0 g of powdered plant material into a 500-ml conical flask and add 1.0 mi of
solution So. For solution 52 dissolve separately 0.040 g of each of the following reference
substances - desmetryn R, prometryn R and sitnazine R - in sufficient acetone R to produce
100.0 ml. Place 5.0 ml of each solution into a 100-ml volumetric flask and dilute the mixture to
volume with acetone R. Shake this mixiure machanically for 60 minutes, # necessary, repeat the
operation manually and then proceed with the "Preparation of the plant material extract”. Either
use the for a given plant material.

i Treat 10.0 g of powdered plant material as described undar "Praparation of the plant
material exiract” (see below). Either use the purified or especially purified extract for the
determination by gas chromatography, as specified for a given plant material.

Calculate the rate of recovery (W) as follows:

2.000 (a-b)
Wz — %
c
where

a= average quantity of the 5 residues in mg/kg obtained using procedure |,
b= average quantity of the 5 residues in mg/kg obtained using procedure N,
c= quantity of reference substances added to solution 52 in mg under procedtre [

The rate should be wilhin the range of 70-120 %.

Preparation of the plant material extract

Place 10.0 g of powdered plant material in a 500-ml conical flask and add 125.0 m} of chloroform R.
Shake the mixture for 60 minutes and filter under reduced pressure through a filter-paper {grade m)
into a round-bottom flask. Wash the residue with 3 successive volumes each of 25.0 ml of
chloroform R,

Procedure

Concentrate the combined filtrates to a volume of 3-5 ml, using a rotary vacuum evaporator and a
water-bath at 40 °C, Transfer the extract to column for chromatography as prepared below, rinsing the
round-bottom flask twice with 5.0 mi of chloroform R.

Preparation of the column for chromatography. Use a glass tube (intemal diameter, 20-22 mm) having
a restricted orifice and protected with a sintered glass plate (e.g. P10 or P18, glass filter G4 or P40,
glass filter G3). Fill the column with chioroform R, then pour purified aluminium oxide R into it to form a
100-mm thick layer. The support material should remain covered with chloroform R. After transferring
the extract and the rinsing liquids to the column, elute with 150.0 ml of chioroform R, at a rate of 1—
2 drops per second, collecting the eluate in a round-bottom flask. The first purifying process is
completed when no eluate drips off the column any longer.

Evaporate the eluate fo dryness using a rotary vacuum evaporator and a water-bath at 40 °C. To the
residue add 10.0 ml light petroleum R and transfer the mixture to a column for chromatography
containing a layer of purified aluminium oxide R, 50 mm thick, in light petroleum R. Elute the mixture
with 90.0 ml of light petroleum R while rinsing the round-bottom flagk, at a rate of 1-2 drops per
second. Discard the eluate. Dissolve the remaining residue undissolved in light petroleum R with
10.0 ml of a mixture composed of 60 volumes of chloroform R and 40 volumes of light petroleum R
and transfer the solution to the column. Rinse twice more the round-botiom flask with 10.0 mi of the
solvent mixture. Transfer the liquid used for rinsing to the column. Elute with 120.0 mi of the above




WHOPHARM/A2 559
page 50

solvent mixture, at a rate of 1—2 drops per second and collect the eluate in a round-bottom flask. The
second purifying process is completed when no eluate drips off the column any longer.

Evaporate the eluate to dryness using a rotary vacuum evaporator and a water-bath at 40 °C. Either
dissolve the residue in sufficient acetone R to produce a volume of 10.0 ml (purified extract) to be
used for the determination by gas chromatography or, treat it as described below.

To the residue add 10.0 mi of light petroleum R and 10.0 mi dimethyl sulfoxide R. Shake the mixture
and transfer it to a separating funnel. Extract the dimethyl sulfoxide-layer twice with 10.0 ml of light
petroleum R. Discard the petroleum ether extract. Then add 100 mi of water to the dimethyl sulfoxide-
layer and extract 3 times, each with 20.0 ml of chloroform R. Extract the combined chioroform extracts
twice with 20.0 ml of water and evaporate them to dryness using a rotary vacuum evaporator and a
water-bath at 40° C. Transfer the residue along with a mixture of 10.0 mi of light petroleum R and
10.0 mi of hydrochloric acid {1 mol/l) VS to a separating funnel and extract the mixture first with 10.0 ml
and then with 5.0 ml of hydrochloric acid (1 mol/l) VS. Discard the petroleum ether layer and adjust the
pH to between 7 and 8 of the combined agueous solutions using sodium hydroxide (1 mol/l) VS.
Extract the solution 3 times, each with 20.0 mi of chloroform R. Dry the combined chioroform extracts
with anhydrous sodium sulfate R and filter into a round-bottom flask while rinsing the funnel 3 times
each with 10.0 mi of chioroform R. Evaporate the filtrate to dryness using a rotary vacuum evaporator
and a water-bath at 40 °C. Dissolve the residue in sutficient acetone R 1o produce 10.0 ml (especially
putified extract) to be used for the determination by gas chromatography.

Determination by gas chromatography

Perform the determination as described under "Gas chromatography” (IP, vol.1, p.94).

Apparalus
- Column packing — Material: glass
internal diameter: 2 mm
Length: 1.2 m
A suitable stationary liquid phase (e.g. Carbowax 20 M
3.0 %)
A suitable diatomaceous support (e.g. Chrom WAW
DMCS, 150 to 180 pm)
- Mobile phase — Nitrogen R
Flow rate: 30.0 mb/min
. Temperatures — Sample injection block: 230 *C
Column: 190 *C
Detector: 300 °C
. Detector — Nitrogen selective
. Sample solution 10 be injected - Volume: 2.0 pl
. Separation characteristics - h£1.2 010 3 for desmetryn R

Ag z1.2 for prometryn R/simazine R

- Relative standard deviation .
(precision of chromatographic system) — 5. 0.05 for desmetryn R, prometryn R and simazine R

Procedure

Chromatogram T: To determine the separation characteristics, inject solution 5 (For the
preparation of solution Sz see "Determination of the rate of recovery”).

Chromatograms A4—A5: To determine the relative standard deviation, inject solution 52

and repeat the determination 5 times.
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Chromatogram Sz: - inject 1.0 m! of solution Sz for the determination of the rate of
recovery.
~ dilute 1.0 ml of solution Sz to 10.0 ml with acetone R and inject it
for the chromatographic determination. On the chromatogram the
peaks occur in the following sequence: prometryn, simazine,

desmetryn.
Chromatogram Pa: inject the purified extract or the especially purified extract.
Evaluation method
Determination by using an external standard a= 0.0005

To convert the values obtained in percentage per weight, they are multiplied with the factor of 104 for
the statement of concentration in mg/kg.

The maximum permissible amount of residues due to desmetryn, prometryn and simazine should not
total more than 2 mg/kg of plant material,

15. DETERMINATION OF ARSENIC AND HEAVY METALS

Contamination of medicinal plant materials with arsenic and heavy metals can be attributed to many
causes such as environmental poliution and traces of pesticides.

LIMIT TEST FOR ARSENIC

Medicinal plant materials can contain traces of arsenic due to their treatment with certain pesticides.
The fimit is set in terms of ug of arsenic per g of plant matenial.

An estimate of the amount of arsenic in the material is made by matching the depth of colour of a series
of standard stains. A stain produced with 1 mi of standard stain solution (dilute arsenic AsTS = 10 ug of
As/ml) compared with a stain produced using 10 g of material indicates the presence of 1 pug of As per
g of plant material.

Recommended procedtire
Preparation of the sample by acid digestion

Place 35-70 g of coarsely ground material, accurately weighed, in a 300-1000 ml Kjekiahl flask. Add
10-25 mi of water and 25-50 ml of nitric acid (~1000 ¢/l) TS and then carefully add 20 ml of sulfuric
acid {~1760 g/l) TS. Heat cautiously so that no excessive foaming takes place. Gradually add nitric acid
{(~1000 g/f) TS, drop by drop, until all the erganic matter is destroyed. This is achieved when no further
darkening of the solution is observed on continued heating, and a clear solution with copious vapours
ot sulur trioxide is obtained. Cool, add 75 ml of water and 25 mt of ammonium oxalate (25 g/} TS
which serves 10 expel nitrogen oxide from the solution. Heat again until sulfur trioxide vapours
develop. Gool, transfer with the help of water 1o a 250-ml volumetric tlask, and dilute 10 volume with
water.

Apparatus
A suitable type of apparatus is described below.

A wide-mouthed bottle of about 120 mi-capacity is fitted with a rubber bung through which passes a
glass tube. The latter, made from ordinary glass tubing, has a total length of about 200 mm and an
internal diameter of exactly 6.5 mm (external diameter about 8 mm). The lower end of the tube is
drawn out to an imMemal diameter of about 1 mm, and has a hole not less than 2 mm in diameter blown
in the side of the tube, near the constricted part. The tube is passed through the bung which fits into
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the bottle so that, when inserted in the bottle containing 70 mi of liquid, the constricted end of the
tube is above the surtace of the liquid and the hole in the side is below the bottomn of the bung. The
upper end of the tube has a flat, ground surface at right-angles to the axis of the tube and is slightly
rounded off,

One of two rubber bungs (about 25 mm x 25 mm), each with a hole bored centrally of exactly
6.5 mm in diameter, is fitted at the upper end of the tube. The other bung is fitted with a piece of glass
tube about 3 mm Jong and of exactly 6.5 mm internal diameter with a similar ground surface. One end
of both tubes are flush with the larger end of the bungs, so that when the larger ends of the two bungs
are held tightly together with a rubber band or a spring clip, the openings of the two tubes mest 1o form
a true tube. Alternatively, the two bungs may be replaced by any suitable construction satisfying the
conditions described in the test.

Method

Lightly pack the tube which fits into the wide-mouthed bottle with cotton-wool that has previously been
moistened with lead acetate (80 g/l) TS and dried, at a depth not less than 25 mm from the top.
Between the flat surfaces of the tubes, place a piece of mercuric bromide paper AsR that is large
enough to cover their openings {15 mm x 15 mm),

As an altemative, the mercuric bromide paper AsR, can be fitted by any other means provided that
— the whole of the evolved gas passes through the paper,

—the portion of the paper in contact with the gas is a circle 6.5 mm in diameter and

= the paper is protected from sunlight during the test.

Place an aliquot (25-50 mi) of the solution to be tested, prepared as described above, in the wide-
mouthed bottle, add 1 g of potassium iodide AsR and 10 g of granulated zinc AsR, and place the
prepared glass tube assembly quickly in position. Allow the reaction to proceed for 40 minutes.
Compare any yellow stain which is produced on the mercuric bromide paper AsR, with a standard stain,
produced in a similar manner with a known Quantity of ditute arsenic AsTS. Make the comparison in
daylight and immediately after simultaneous preparation of the test and standard staing; the stains fade
with time.

The most suitable temperature for carrying out the test is generally about 40 °C but, as the rate of
evolution of the gas varies somewhat with different batches of granulated zinc AsR, the temperature
may be adjusted 1o obtain a regular, but not too violent, evolution of gas. The reaction may be
accelerated by placing the apparatus on a warm surface, care being taken to ensure that the mercuric
bromide paper AsR remains dry throughout.

Between successive tests, the tube must be washed with hydrochioric acid (~250 g/l) AsTS, rinsed
with water and dried.

Standard stain

Prepare a solution by adding 10 ml of stannated hydrochloric acid (~250 g/l) AsTS and 1 ml of dilute

arsenic AsTS, to 50 ml of water. The resulting solution, when treated as dascribed in the general test,
yields a stain on the mercuric bromide paper AsR, referred 10 as the standard stain (10 ug of As).

LIMIT TEST FOR CADMIUM AND LEAD

The choice of heating procedure and the determination is left to the analyst. Nevertheless, the
determination must be consistent and sensitive enough to obtain the certified lead and cadmium
content in order to compare with a reference material.

The following maximum amounts in the final dosage forms of plant materials are proposed which are
based on the ADI values:

Laad =10 ppm
Cadmium - 0.3 ppm
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Recommended procedure
Apparatus

Clean scrupukously with nitric acid (~1000 g/l) TS the digestion vessel and all other equipment that may
ba used for the determination, rinse thoroughly several times with water and dry al 120 °C.

Materials used

Digestionh vessels ~ Vitreous silica crucible in accordance with DIN 12804, “tall form™; height
62 mm; diameter 50 mm; comtent 76 ml, with vitreous silica crucible cover
{a suitable supplier is QGT, Bad Harzburg, Germany).

Digestion mixture = 2 parts by weight of nitric ackd (~1000 ¢/l TS and
1 part by weight of perchloric acid (~1170 g/) TS.

BCR reference material CRM No. 62 olive leaves (Clea suropacea),
{Comrmunity Bureau of Reterence - BCR, Directorate-General Xil,
Commission of the European Communities, 200 rue de la Loi, B-1049
Brussels, Belgium).

Reference materiais

- IAEA/V-10 hay powder
Preparation of the sample

For the wet digestion method in an open system, weigh accurately 200-250 mg of air-dried plant
material, finely cut and homogeneously mixed, inlo a cleaned silica crucible. Add 1.0 ml of the
digestion mixture, cover the crucible without exerting pressure and place it in an oven with a controfled
temperature and time regulator (computer-controlled, if available).

Heat stowly to 100 °C and maintain at this temperature up to 3 hours (= reaction of the acid with the
material with only slight losses of nitric acid); then heat to 120 °C and maintain at this temperature for
2 hours (= slow evaporation of nitric acid); raise the temperature very slowly to 240 °C avoiding losses
due to possible violent reactions aspecially in the temperature range of 160-200 *C and maintain at this
temperature for 4 hours (= evaporation of perchloric acid).

The remaining dry inorganic residue ¢an then be used for the heavy metals determination. Dissolve it
in 2.5 ml of nitric acid (~1000 g/l) TS.

Every sample should be iested in parallel with a blank determination.

Method

The contents of lead and cadmium are measured with equally good results, either by:
- inverse voltametry (DPASV), or

- atomic absosption spectrophotometry {(EAAS), or
—  Zeemann atomic absorption spectrophotometry.

16. DETERMINATION OF MICROORGANISMS

Medicinal plant materials normally carry a great number of bacteria and moulds, often of soit origin.
While a large range of bacteria and fungi form the naturally-occurring microflora of herbs, aerobic spore-
forming bacteria frequently predominate. Current practices of harvesting, handling and production
often cause additional contamination and microbial growth, The determination of E. coli and moulds
may indicate good production and harvesting practices.

In addition, the presence of aflatoxins in plant material can cause health hazards if absorbed even in
very smail amounts. Therefore, they should be determined after using a suitable clean-up procedure.
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TEST FOR SPECIFIC MICROORGANISMS

The conditions of the test for microbial contamination are designed in such a manner as fo minimize
accidental contamination of the test material and the precautions taken must not adversely affect any
microorganisms that could be revealed.

Recammended procedures
1. Pretreatmeant of the miaterial o be examined

Depending on the nature of the ¢rude meadicinal plant material, grind, dissolve, dilute, suspend or
ermulsify the material to be examined using a suitable method and eliminate any artimicrobial properties
by dilution, neutralization or filtration.

- Water-soluble materials — dissolve or dilute 10 g or 10 ml of material, uniess otherwise specified,
in lactose broth ar another suitable medium proven to have no antimicrobial activity under the
conditions of the test and adjust the volume to 100 ml with the same medium. (Some matarials may
require the use of a larger volume). f necessary, adjust the pH of the suspension to about 7.

- Non-fatty materials insoluble in water — suspend 10 g or 10 mil of material, unless otherwise
specified, in lactose broth or another suitable medium proven to have no antimicrobial activity under
the conditions of the test and dilute t¢ 100 ml with the same medium. (Some materials may require the
use of a larger volume). If necessary, divide the material being examined and homogenize the
suspension mechanically. A suitable surfactant, such as a 1 mg/mil solution of polysorbate 80 R may be
added. i necessary, adjust the pH of the suspension to about 7.

- Fatty materials — homogenize 10 g or 10 mi of material, unless otherwise specified, with 5 g of
polysorbate 20 R or polysorbate 80 R. lf necessary, heat to not more than 40 °C. (A femperature of not
more than 45 °C, for the shortest possible time, might be required). Mix carefully while maintaining the
temperature in a water-bath or in an oven. Add 85 ml of lactose broth or another suitable medium
proven to have no antimicrobial activity in the conditions of the test, heated o not more than 40 °C, if
necessary. Maintain this temperature for the shortest time necessary until formation of an emulsion and
in any case, for not more than 30 minutes. if necessary, adjust the pH of the emulsion to about 7.

2. Enterobacteriaceae and certain other Gram-negative bacteria
- Detection of bacteria

Homogenize the pretreated material appropriately and incubate at 30-37 °C for a sufficient length of
time for revivification of the bacteria but not sufficient to encourage multiplication of the organisms
(usually 2-5 hours). Shake the container, transfer 1 g or 1 ml of the homogenized material to 100 il of
Enterobacteriaceae enrichment broth-Mossel and incubate at 35-37 °C for 18-48 hours. Prepare a
subculfure on a plate with violet-red bile agar with glucose and lactose. Incubate at 35-37 °C for 18-
48 hours. The material passes the test if no growth of colonies of Gram-negative bacteria are detected
on the plate.

- Quantitative evaluation

Inoculate a suitable amount of Enterobacteriaceae enrichment broth-Mossel with quantities of
homagenized material prepared as described under "Detection of bacteria™, appropriately diluted as
necessary, containing 1.0 g, 0.1 g and 10 pg or 1.0 ml, 0.1 ml and 10 pl of the material being
examined. Incubate at 35-37 °C for 2448 hours. Prepare a subcutture of each of the cultures on a
plate with violet-red bile agar with glucose and lactose in order fo obtain selective isolation. Incubate at
35-37 °C for 18-24 hours. The growth of well-developed colonies, generally red or reddish in colour,
of Gram-negative bacteria constitutes a positive result. Note the smallest quantity of material that gives
a negative result. Determine from the table below the probable number of bacteria.
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Resuit for each Probable number of
quantity or volume hacteria per gram
of matenal

t0gor 01geor

q
1.0ml 0.1ml

+ more than 102

+ less than 102 but more than 10
- less than 10 but more than 1

- lessthan 1

3. Escherichia coli

Transfer a quantity of the homogenized material in lactose broth containing 1 g or t ml of the material to
be examined, prepared and incubated as for the test for *Enferobacteriaceae and certain other Gram-
negative bacteria”, to 100 mil of MacConkey broth and incubate at 43-45 °C for 18—24 hours, Prepare
a subculture on a plate with MacConkey agar and incubate at 43-45 °C for 1824 hours. Growth of
red, generally non-mucoid colonies of Gram-negative rods, sometimes surrounded by a reddish zone
of precipitation, indicates the possible presence of Escherichia coli. This may be confirmed by the
formation of indole at 43.5-44.5 “C or by other biochemical reactions. The material passes the test if no
such colonies are detected or # the confirmatory biochemical reactions are negative,

4. Salimonella

Incubate the solution, suspension or emulsion of the pretreated material as described above at 35—
37 °C for 5~24 hours, as appropriate for enrichment.

Primary test: — Transfer 10 ml of the enrichment culture to 100 mi of tetrathionate bile brilliant
green broth and incubate at 4243 °C for 18-24 hours. Prepare a subculture on at
least two of the following three agar media: deoxycholate citrate agar, xylse,
lysine, deoxycholate agar and brilliant green agar. Incubate at 35-37 °C for 24—48
hours. Cany out the secondary test if any colonies are produced that conform fo
the description given in the table below.

Secondary test: — Prepare a subculture of any colonies showing the characteristics as in the table
below on the surface of triple sugar iron agar and using the deep inoculation
technique. (This can be achieved by first inoculating the inclined surface of the
culture medium followed by a stab culture with the same inoculating needie and
incubating at 35-37 °C for 18~24 hours.) The test is positive for the presence of
Salmoneliae if in the deep culture, but not in the surface culture, a change of
colour from red to yellow is observed and usually the formation of gas, with or
without production of hydrogen sulfide in the agar. Confirmation is obtained by
appropriate biochemical and serological tests.

The material being examined passes the test if, cultures of the type described do not appear in the
primary test, or if, the confirmatory biochemical and serological tests are negative in the secondary test.

Medium Description of colony

deoxycholate citrate agar well-developed, colouriess

xylose, lysine,
deoxycholate agar well-developed, red with or without black centres

brilliant green agar small, transparent and colourless, or opague,
pink or white (frequently surrounded by & pink
to red zone)







