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INTRODUCTION

At several UNIDO meetings on pharmaceuticals, the developing countries
have expressed a strong wish for the promotion, development and production
of druge derived from medicinal plants, so as to enable them to utilize their '
own resources, economize on foreign exchange and become self-sufficient and
self-reliant in that field of pharmaceuticals,

In pursuit of those aims, UNIDO organized a workshop, called the
Technical Consultation on the Production of Drugs from Medicinal Plants in
Developing Countries, under the joint auspices of UNIDO, the Goverrment of
India and the Central Drug Research Institute of India (CDRI), at Lucknow,
India, from 13-20 March 1978, Background papers were prepared by UNIDO
oonsultants and reviewed at UNIDO headquarters at Vienna. A paper prepared by
the UNIDO secretariat provided the guidelines for the formulation of a plan
of action for the sector, Experis from various countries were also requested
to prepare oountry papers on the status of production and use of drugs from
medicinal plants in their oountries.
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RECOMMENDATIONS

1e A number of essential drugs used in modern medicine can be produced from
medicinal plants available in developing countries, Priority in the production
of drugs derived from medicinal plants should be given to drugs that are well
accepted and widely used (listed in annex I and 111),

2, In the cultivation of medicinal plants, priority should be given to the
plants identified by UNIDO,

3. Developing countries should be helped by UNIDO to start the production of
products based on indigenously available/cultivated plants to meet demand

within the country and also for export.

4, The technological status of different developing countries varies greatly;
some countries have practically no industry and cannot easily obtain the
solvents required for extraction, while other have a reasonably well
established phytochemical industry, Countries in the first category could make
a start by setting up units for the preparation of crude extracts for domestic
use and for export. The production units should have well-equipped quality
control laboratories attached to them. Even small units able to process one
ton of raw material a day would be of economic benefit. (See annex IX for a
desoription of such a unit.) Countries that already have a reasonably well
established phytoohemical industry could set up more sophisticated production

plants. UNIDO should assist in the transfer of teohnology and supply of
equipment, if required.

5« The training of personnel is important, and UNIDO should organize
training programmes for individual countries or groups of countries on the
cultivation of medicinal plants, the setting up of pilot plants and production
units, the quality control of products, and pharmacological screening. One
training centre could be located at Lucknow to take advantage of the facilities
available at the Central Drug Research Institute of India and the Central
Indian Medicinal plants Organization (CIMPO). Mobile units could also serve a
useful purpose by training personnel directly within the country itself, The
technical co-operation between Developing countries (TCDC) training programme
could also be very useful, and UNIDO should make efforts to organize such

programmes,
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6, Developing countries that have a variety of important plants, for which
there is a demand on the internmational market (see anmnex IV), should be assisted
to process those plants into semi-finished form for export, Detailed market

studies must be made, however, so as to avoid creating a glut on the market,

7. The use of pure active principles as medicaments may be discouraged wherever
total extract can be used, depending on pharmacological evidence, The effect

of this would be to bring down the price of the medicaments.

8. The foreign exchange budgets of some developing countries are limited and
it is difficult for them to allocate funds for the establishment of production
units that require foreign exchange., UNIDO should allocate funds for the
least developed countries from its own resources, UNDP grants or outside
donations for the purpose so as to accelerate the development of the medicinal
plant industry,

9, UNIDO should prepare detailed techno-economic reports for small multi-
purpose production units to process medicinal plants. The reports should cover
sources of technology, the minimum economically viable plant size, raw materials

required, equipment, investment, and markets.

10, UNIDO should establish an information centre for drugs derived from medicinal
plants and should inform developing ocountries of progress made. This oentre
oould be the National Information Centre for Drugs and Pharmaceutioals (NICDAP)
already established at CDRI. Co-operating countries and UNIDO could send infor-
mation to NICDAP, and the information could then be disseminated widely. (L
desoription of NICDAP is in annex X.)

11, It would be useful if UNIDO could establish a budget for the purchase of
technology for the production of drugs from medicinal plants and by synthesis,
and could make the technology available to the developing countries interested
in it,

12, UNIDO, through its chemical industry programme, should help to make
available the solvents and materials needed for the production of pharmaceuticals
so a8 to promote the local production of drugs.

13, One of the probleme of an industry processing medicinal plants is to ensure
a regular supply of such plants. Some of them grow wild, but many others need
to be cultivated. UNIDO, in co-operation with FAO, could help by making
arrangezmentd for the supply of planting materials of the right quality, and
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agro-technology, if required, although the help needed for promoting

cultivation would have to be provided by the Govermment of each country.

The developing countries might consider setting up a separate organization for

promoting the cultivation of medicinal plants on the lines of CIMPO, Such an

agency could make planting material available to the cultivators, and provide '
the agro-technological package and other inputs. It could also help in carrying

out market surveys and buying the plants from the cultivators and supplying

them to the appropriate agencies for production or export,

14, Developing countries have a rich flora that is a potential source of new
drugs and new biologically active substances. A co-ordinated effort is needed
to exploit that vast resource., Although each country should set up its own
research laboratories for the biological evaluation of its own plants, UNIDO
could help to co-ordinate the efforts. Some of the smaller countries may not

be able to set up research laboratories for wide-range pharmacological screening.
Such countries could start by making extracts, and use for screening the
facilities of well-established institutions such as CDRI, the Instituto Mexicano
para el Estudio de Plantas Medicinales, the l'angladesh Council of Scientific

and Industrial Research Laboratories, and the Pakistan Govermment Institute of

Chemistry.

15 The developing countries should be careful, when using their medicinal
plant resources, not to disturb the ecological balance., They should take
steps to conserve and preserve the germ plasma available and also their fores=
wealth, Many of those resources will be needad by the drug industry for many
years to come,

16, Many of the developing countries have their own traditional systemse of
medicine, and large segments of their populations still depend upon
traditional remedies. BEfforts should be made to include traditional remedies
in health care programmes in those countties, To that end:

(a) The production of established traditional remedies should be taken
up by centralized agencies, with proper quality control of the product;

(b) In order to ensure the safety of drugs that are going to be used
for long periods, studies should be made of their sub-acute and chronic toxicities;

(c) Remedies whose use is not yet well established should be subjected
to direct clinical trials to establish their efficacy;

(d) For the scientific production of traditional remedies, proper
practices must be established for the cultivation, storage, and processing of
plants, and analyses of the medicaments made from them;
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(e) Herbal remedies whose usefulness has been established by
pharmacologioal, clinical and toxicological studies should, after approval by
the Departments of Health of each country, be made part of medical college
courses ;

(f) Remedies for which claims need to be verified experimentally should
be tried on animals in the form they are used in the traditional system of
medicine;

(g) UNIDO should help to organize facilities for proper clinical
evaluation, pharmacological ecreening and the development of technology in
countries that lack such facilities,

17. An advisory board of five experts representing different aspects of the
phytochemical industry should be constituted by UNIDO to evaluate the prospects
for inoreasing the production of crude drugs, initially in South-Bast Asian
countiies, and subsequently in African and Latin American countries., Tne
advisory board should also draw up & master plan for phytochemical research
and development,

18, URIDO should play a leading role in mobilizing the developing countries
to produce drugs from medicinal plants and should take measures to accelerate
the establishment of production units in those countries. The programme of
teohnical co-operation between developing countries organized and financed by
UNIDO can play an important part in the achievement of this objective, Such
efforts would help developing countries with their expanded national health

programmes, improve their economies and create employment opportunties.
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Part one, Report of the meeting

I, ORGANIZATION OF THE NEETING

The Direotor and Chairman of the meeting was A, Tcheknavorian, Chemical
Industries Section, Industrial Operations Division, UNIDO. Two meetings were
held each day. The programme of activities included the following:

Presentation and discussion of submitted technical and country papers
Compilation of lists of medicinal plants

Vieits to establishments concerned with medicinal plants in Bangalore
and Bombay

Consideration and adoption of the finasl report and reoommendations

The opening formalities of the meeting including an address by
S. Krishnashramy, Secretary to the UJovernment of India, Ministry of Chemicals
and Fertilizers, who underlined the significance of medicinal plants in
countries where modern medicines were often available to less than a quarter

of the population,

II. SUMMARY OF DISCUSSION

A general discussion followed the presentation of papers, It was agreed
that countries that grow medicinal plants should be encouraged to go ahead
with the production of drugs that clinical evidence had shown tu be effective,
The group also agreed that the production level for each country would depend
on its infrastructure, the plants it had available and the state of its
technology. Developing countries were clagsified imto three groupsa:

~(a) Those with no facilities for research and development, pilot
plants or industrial production;

(b) Those with facilities only for the preparation of extracts of
medicinal plants;

(c) Those with facilities for pilot plants or the industrial
production of active principles from medic.nal plants.
A1l participants were of the opinion that, although UNIDO should emphasise
the need for the production of plant drugse used in both the traditional and the

modern systems of medicine, it should give immediate attention to plant
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products that were accepted in modern medicine, were widely used in health
programmes or weie of large economic value, UNIDO could assist the developing
countries by making available technology, training personnel, and making
market studies in collaboration with other United Nations agencies. It could
also help with the design of plants, and in developing methods of quality !
control and standardization of products for local use and export, It was
suggested that, in order to facilitate and accelerate the establishment of a
pharmaceutical industry based on medicinal plants, the developing countries
should be urged to co-operate with each other on the transfer of technology,
the training of technical persomnel and the supply of equipment and planting
materiale, Countries that did not even produce total extracts of plants should
be assisted in the setting up of production units to do so., Countries that
wished to process extracts further and produce pure active principles but did
not possess the necessary technology; might be helped by UNIDO to acquire it,
It was pointed out that the production processes for most of the important
plant products were not covered by patents; =0 patents would not be a barrier
to production. It was the general opinion that medicinal plants for which
there was an international demand should not be exported by the producing
country in the form of raw plant material, but could be processed further.

The export of a semi-finished product would give the benefit of added value
and would create additional employment opportunities in small industry.
However, the export of plants and plant products would need to be organized

go as not to create a glut on the market. A detailed techno-economic and

market study should therefore be carried out to assess real market requirements,

It was pointed out that an industry for the production of drugs from
medicinal plants, whether for local use or for export, could be successful
only if the quality cf the products conformed to specifications, A well-
equipped quality control laboratory was, therefore a basic requirement for a
production unit. Adequate quantities of good quality raw materials must also
be available; so the cultivation, collection and storage of plant materials
would have to be organized before production units were established, As
regards the cultivation and availability of plant material, it was suggested
that UNIDO, in co—operation with FAO and the agriculture and forest denartments
of each country, might carry out studies to establish the most appropriate

methods of cultivation of important medicinal plants, estimate the availability
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of plant material, and determine the most suitable soil and climatic conditions
for the cultivation of various plante in different regions. The success of
the mobile unit mission organized by UNIDO for the production and quality
control of extracts of medicinal plants in Africa and Asia had confirmed that
such missions were an appropriate mears of transferring technology for the
production of extracts and training personnel in production and control

methods in countries without experience in them, The investment in such a
mobile unit, which could be taken to remote areas where the plants were grown,

was estimated to be about $US 80,000,

Control of produotion of opjum

It was suggested that, in view of the abuse of opium the production of
morphine and codeine from poppy capsulesand straw should be promoted, and the
preparation of opium be discouraged and put under stricter control.
Simultaneously, efforts should be made to suggest alternative crops for
opium poppy cultivators and to develop new substitutes for morphine and codeine,

oin 0 nedicinal ]

To ensure the continued cultivation of medicinal plants in the developing
oountries, the prices should be remunerative for the farmer. Participants
expressed the opinion that UNIDO should therefore encourage the establishment
of international agencies that would buy the raw plant material from the
individual countries and prevent unhealthy competition between grower

countries,

Establishment of regjonal research and development centres

The establishment of research and development facilities was expensive

and required skilled personnel, and might be beyond the immediate capacity of

individual developing countries, It was therefore suggemted that use should

be made of existing research and development centres in the regions, strengthen—
ing them, where necessary, so as to enable them to cater to regional needs

until national facilities could be established, The centres could concentrate
on the screening of plants for therapeutic groups for which plant drugs were

mwt available and also on the development of plant cultivation and processing
teochnology. (Mor 3 list of some of the centres see annex VII.)
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In order to promote the cultivation of medicinal plants, it was necessary
to make available suitable planting materials that some countries had
difficulty in obtaining. Participants felt that UNIDO could play an active

role in that area,

Manufacturing technology

A UNIDO secretariat papar on the technology of the manufacture of drugs
from plants outlined the various extraction methods that could be used.
The representative of the UNIDO secretariat said that, in order to make a
comprehensive plan based on important plants identified at the Meeting,
arrangements would be made for the preparation of detailed reports on
technical and other matters, including equipment, source of technology, raw
materials required, the economic unit for production, the investment cost of

production, and market potential.

A model unit for the preparation of crude extraots is shown in annex IX.

III. COMPILATION OF LISTS OF MEDICINAL PLANTS |

The primary objective of UNIDO in organizing the Meeting was to
identify essential drugs derived from medicinal plantc that are widely used
and for the production of which technology is available. In order to achieve

that objective, the following lists were compiled:

(a) A list of the medicinal plants found in various regions (Africa,
Asia and Latin America) whose active principles are used in modern medicine
(annex I), and an additional list of plants used mainly in traditional medicine
in Africa, Asia and latin America (annex IT);

(b) A more restricted list of the plants that are more widely used
for the production of medicines, classified by therapeutic group (*the WHO
essential drug list was used as a guide) (amnex III); gj

(c) A list of plants that are not necessarily used as drugs but are
the source of products used 1in the pharmaceutical industry and for
which there i®8 a demand on the international market (annex IV). Such plants
should be cultivated and processed into semi~finished form for export;

(d) A list of plants on which research and development is well
advanced in various countries and that are likely to be introduced into
clinical practice (annex V);

(e) A list of commonly used excipients (anmex VI),
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In order to promote the production of finished formulations from active
principles, and to keep their price within the reach of ordinary people, steps
should be taken to make the excipients used in the formulation available at
reasonable prices, To keep the cost of treatment low, total extracts can
be used in place of pure active principles in most cases, if pharmacological
evidence indicates that it is possible to do so.

As the use of traditional medicines 18 quite widespread in most of the

developing countries, particularly in rural areas, there is a need to evaluate

their safety and ensure quality-control standards of the products at every
stage, including cultivation, storage and handling of the plants, Modern
scientific inputs are therefore needed.

In the light of the foregoing, steps should be taken to encourage the
developing countries to produce and use drugs derived from medicinal plants.
To do so would have the following advantages:

(a) The foreign exchange required to import suoh drugs would be saved;

(b) The export of raw plant material would be discouraged, and the
export of processed products encouraged, which would earn more foreign exchange;

(c) More effective use would be made of the knowledge of traditional
systems of medicine that already cater to large segments of the population in
developing countries;

(d) Natural vegetable resources would be utilized;
(e) Industrialization would be promoted;

(£) The appropriate technology for the developing country would be
developed;

(g) Parmers' income would be augmented,
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Part two, Summaries of technical papers®

An _integrated approach to research on medicinal plants
N. Anand

Large sections of the population of the developing countries still depend
on traditional systems of medicine, the cost of which is relatively low,
Traditional remedies should therefore be included in the health care programmes
of those oountries, The measures needed to do .hat are: (a) standardisation
of the production and quality control of important medicaments, (b) evaluation
of the satety of drugs that have to be administered for long periods, (c) direct
olinical evaluation of less commonly used drugs, and (d) broad-spectrum
biological screening of drugs or plants for which the evidence as to their
therapeutic activity is insufficient or doubtful.

Since plants are an important renewable source of drug intermediates and
other chemicals of economic value, their cultivation, and production of their
active constituents, would be of great benefit to the developing countries

and should be promoted, About twenty such plants have been identified.
cji lants for curing diseases other than communicable tropic
infectious
Fo Slndberg
The paper disousses the origin, therapeutic use, and form of application

of each of a number of plants, together with their market proepeois and the
technology for processing them.

Plants of the African pharmacopoeias used in the
treatment of tropical diseases

Je. Kerharo

Many tropioal diseases belong to well established nosological groups.
The classification adopted, in accordance with tropical pathology data,

therefore reviews in order the treatment of ailments due to protozoan helminths,

R——

#The titles of those with documents symbols are listed in annex VIII.
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spiroohaetes, viruses, microbes, and deficiencies, and the treatment of
miscellaneous ailments. The therapeutic indications and uses of 159 plants
are given, A number of varieties already used in modern medicine or meriting

priority attention are singled outt

Plant Disease used against
Cucurbita maxjma Tasniasis
urbita pepo

Chenopodium ambroscides Helminthiasis
Nematodiasis

Buphorbie hirta Amoebiasis
Asthma

Holarrhena floribunda Amoebiasis
Trichonomiasis

Jtrophanthus sarmentosus Trachoma

Ca oba echinata Leprosy

Centella agiatioa Dermatitis

Pagera ganthoxyloides Drepanocytosis

Quiera senegalensis Choleriform diarrhea

The paper conoludes with the suggestion that the development of appropriate
pharmaoeutical teohnology based on the use of local drugs could improve the
well-being of the people of developing countries that are short of mediocaments.

tria rements for processi medicinal pl 8

E. Bombardelli

A survey of the main technologies for the preparation of natural produocts
of vegetable origin is preceded by some considerations of the current situation
and general market trends, The most important phases of the preparation of
any product, whether extract or pure compound, are examined, from drug
grinding to the final phases of purification. The choice of solvent and the
type of extractor to be used depends on the technical information of the most
important plants. A typical scheme for processing and a few examples of
preparation of some extracte illustrate the techmology involved,
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Drugs derived from medioinal plgnts
Secretariat of the United Natione Industrial Development Organisation

The paper stresses the importance of the production and use of drugs
derived from medicinal plants in the developing countries and the role
played by UNIDO in this field, UNIDO feasibility studies on medicinal plants,
in several developing countries show that the laok of organization for the
cultivation and collection of the plants, transport, suitable technology,
market information, financial resouroes, skilled personnel, and research
facilities hinder the commercial exploitation of medicinal plants. In order
to encourage co-operation between developing countries, UNIDO has developed
regional projects in countries of the Sahara, South-East Africa and Asia,
It also organized mobile units in Africa in 1977 for extraction, distillation,
and process control and testing, A mobile unit mission is being organised
for Asia in 1978,
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Algeris
Algeria, because of its geophysical and climatic conditions, has more
than 500 varieties of medicinal plant, More than half are used in traditional
medicine; many are aromatic plants that are of interest to the perfume
industry. Scientific studies should be made of plants that are regularly
used in traditional medicine, and also of related varieties already used in

the pharmaceutiocal industry, so as to establish their properties before their
use is promoted.

Burma
In Burma, the development of plant materials as a source of medioines
and the promotion of drugs from medicinal plants for nationmal health care
are approached in the following manner,

First and foremost, the relevant departments were organized with an
overall authority to co-ordinate their activities, The Burmese Central
Researoh Organization, which was formed to identify and test-cultivate
medicinal plants has identified 700 medicinal plants during the 20 years of

its existence,

The Burma Medical Research Institute is concerned with the biologioal
screening and pharmaoological testing of medicinal plants and indigenous
medicines, Here, care is taken to differentiate between the principles and
methodology of modern and traditional medicines.

An organization under the industries department is responsible for
medicinal plant cultivation. Much pioneering work, such as extension services
and incentive schemes for farmers, is necessary. Choice of the right type of

species, soil and climatic conditions is also essential,

The state pharmaceutical industry has facilities for the extraction and
formulation of galenicals, Various hospital pharmacies under the public
health department are capable of compounding and formulating indigenous drugs.
Though quality control can be exercised for modern herbal drugs, the same
does not apply to traditional drugs as yet, as the use of complex mixtures
makes standardization difficult,
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The various indigenous medical clinics stationed throughout the oountry
provide appropriate channels for the distribution of official traditional
drugs, although there are many privately manufactured drugs that remain to
be examined, Some of these have been tested by the National Health Laboratory
and found to be free of toxic effects,

last but not least is the medical education systems, In 1970 an Institute
of Indigenous Medicine was established with the aim of producing qualified
traditional practitioners who can prescribe traditional drugs to patients
with more confidence,

Cubs

Cuba possesses an abundant medicinal flora, and numerous plants are in
use at present,

The Experimental Station of Medicinal Plants was established in 1973 to
study the cultivation conditions of the plants and also their botanical and
genetic characteristics,

Indis

As a result of research and development carried out during the last
25 years, India has developed a prosperous medicinal plants industry., At
present, India produces substantial quantities of crude drugs and active
constituents and is one of the leading exporters of crude drugs and active
constituents from plants, Medicinal plants produced in India are either
collected from wild sources or cultivated in various parts of the country.
The paper lists some of the most important plants that are collected from
the forests or cultivated, and other that are being cultivated on an

experimental scale,

Research on the use of tissue culture for the propagation of medicinal

plants included work on Dioscorea sp., Solanum sp., Costus, Rauwolfia

aerpentins and Atropa belladonna. The work was taken up to the pilot-plant
stage. Significant results were obtained with simple ingredients, A scheme

is being devimsed to extend the work to commercial cultivation.

Nadagascar
In view of Madagascar's rich and varied flora, it is not surprising that
the treditional pharmacopoeia should have been taken as the basis for research
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to find new medicaments. A number of active principles have been isolated
since the 19508, The National Pharmaceutical Research Centre has been set
up to review the pharmacopoeia and it is hoped that many other plants will be
used by the pharmaceuticale industry,

Mexico
The Mexican Institute for the Study of Medicinal Plante (IMEPLAM) suggests
that there should be an international data bank on medicinal plants to gather
ethnobvotanical, historical and anthropological information, Lists of plants
cultivated should be exohanged by medicinal plant institutions in developing

oountries,

Pharmacologioal testing should establish the strategy for any chemical
work,

Work should be done on plants for which there is ethnobotanical,
historiocal and anthropological information, in preference to plants for which
there is no background information,

Nepal

Many kinds of important herbal plants grow in the tropical, subtropical,
temperate and alpine regions of Nepal, which exports plants worth over 20 million
rupees ($US 1.6 million) a year all over the world. Besides 82 Ayurvedic
Centres, there are 65 health posts where modern medicines are stocked, Fifteen
Ayurvedic preparations are dispensed to combat common diseases, The auther
gives a list of 62 medicinal plants used in Ayurvedic preparations and included
in other pharmacopoeias, The departmer:t of medicinal plants, which is a research
organization, is responsible for the botanical survey and herbarium, herbal forms,

the royal botanical garden, and the royal drug research laboratory.

Research is needed on traditional medicinee, such ag "silajit" for curing
infective hepatitis, to obtain the effects desired,

Pakistan
The main obstaocles to the wider cultivation and greater use of medicinal
plants in Pakistan and other developing countries ares

(a) The laok of information on future international demand for various
medioinal plants; |

(b) The lack of feasibility studies and long-term forecasts based on
ourrent international prices and future development trends;



(o) The lack of detailed information about optimum conditions of growth
(s0il conditions; optimum time of planting and harvesting; fertilizers,
insecticides and fungicides required; the most suitable monitoring procedures
for assaying the percentage of active consituents at various stages of growth;

(d) The laock of knowledge of the most feasible processing technology
for the isolation and separation of active constituents on various scales,

The integration of traditional systems of medicine and modern medical
practices can be brought about by authenticating each herbal prescription after
pharmacological, clinical and toxicological studies and including information
about useful and authenticated herbal remedies in the courses of various
medical colleges,

Bwanda

The research in laboratories in Rwanda follows a rational paths
ethnobotanical screening, phytochemical screening, pharmacological screening,
toxicological screening, and the production of drugs. local plants listed in

the various pharmacopoeias, are studied first, then plants listed in the various
pharmacopoeias but of different species, and finally plants used in native
medicine but not listed, The author lists the plants currently used in the
production of drugs,

Thajland
There are 1,066 traditiomal drug factories and 177 modern drug factories
in Thailand, About 90 per cent of the raw materials used for traditional drugs
are obtained from medicinal plants, and more than 90 per cent of the raw
materials used in modern drug factories are imported. The annual consumer value
of drugs on the market is estimated to be $US 200 million. The annual export
value f,0.b. Of medicinal plants from Thailand is between $US 1 million and

$US 3 million and is increasing,

Since 1940, research on indigenous medicinal plants had been done by various
institutes, but was initially mostly of academic interest, By 1965, the
Applied Scientific Research Corporation of Thailand ( ASRCT), with financial support
from the Thai Government and aid from UNIDO, succeeded in establishing a oo=-
operative research programme on medicinal plants, with the aim of developing
modern drugs from indigenous medicinal plants,



The oo-operating bodies, oomprising various institutes with different
baokgroundi experience, were able to provide the necessary project approach,
Work was Gone on pharmacognosy, pharmacology and toxicology, chemical
jidentifioation, clinical study, drug formulation, economic evaluation, and
cultivation,

In 1965, 196 species of medicinal plant were identified., Research work
on those plants included pharmacological screening of the whole material, crude
extract and specific fractions, Pronounced strong activity was shown by 129 of
the plants, Work also was carried out to isolate and elucidate the moleoular
structure of the compounds,

UNCTAD
Assistance by ITC/UNCTAD/GATT in the establishment of a programme for

medicinal plants and their derivatives could be of great value, mainly for

ascertaining market demand but also for elaborating marketing strategies and
development plans,

Integrated programmes involving co-operation with other international
bodies, promotional actions and the establishment of contacts, would help the
developing countries to formulate production plans that would make it posesible
t0 meet domestic demand for some bagic medicines and expand export trade.
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Arpex 1
BIOLOGICALLY ACTIVE PLANTS CONSIDERED DURING THE TECHNICAL CONSULTATION

Part of év#h!;l;tx %ﬁg_p Nethod of Market
the plant ti- atin produc-

Name of plant uged Product vated Wild Africa America Asia tion y Eooﬁ E":ort Trend
ia arsbios
f%-i——-—“ 4 b § Stem Gum + + + ~  Steady
Aconitum epe Root Total extract + + [} + + Down
Acorue calamus Rhizome Essential oil and
orude drug + + A + -~ Steady
Aseculus Heeds Aesain and total
RiPpOCREta extract + + + [+} + - Up
Ageve sigslans Juica Hecogenin + + + + ~ Lteady
Aloe mp. Leaf juice Aloin + + * - + -+ Steady
Armi_mejus Seeds Xanthotoxin + + + * )] + -~ Up
Ammi visnage PFruits Visnagin, khellin + + + [+ + ~ Steady
Amomum subulatum Fruite Besential oil + + + + A + - Up
Apomum Fruits Eseential oil
xanthioides + + + + A + - Up
Andira araroba Stem wood Total extract + + -] + Steady
Anethum sp. Pruit Essential oil + + + A + + Stendy
Aniee Fruits Essential oil + + A - -~ Steady
mniun Flowering Santonin
maritine tops + + + b+ + + Steady
ftmroa Leaf and Total alkaloids
e onne roots + + ¢ ”» -~ Steady
aﬁﬁil Root, stem Berberine
ar [ bark +* + | + +  Steady
Berberie Root, stem Berberine
aslation bark + * ) | + -~ Steady
Berberie lycium HRoot, stem Berberine
bark + + 3 + -~ Steady
Betuls alncidee  Stem bark Crude drug + + + Steady
Capeiocum snnum Fruits Capsaioin olecresin + + + + )] + + Bteady
Carios papays Fruit juice Papain + 3, + + Us
Carum oarvi fruit Essential oil * A + +  Stesdy
Cassia Leaves and Sennoeidee
acutifolia pods + + + + ¢ + > Up
Caseia Leaves and Sennceidese
apgustifolia pods + + ¢ + -~ Up
Capeis italica Leaves and Sennosidee
pods + + -] +
Cat M Leaves and Vinblastine, vin-
roseus roots cristine, raubssine + + + + + D + +  Beady
c a Whole Asiatiooeide
ca plant + + + * ¢ + +  Btesdy
Centella Roots Emetine
scuminata + + + b + ~» U
Cephalilis Roots Dnetine
{pecacuanha * + + D ~» B
Ceratonissiliqus Fruit Total extract + + + ¢ + =  Steady
Chcnoqdim Flowering IEseential oil
ambroeioides top and
- whole plant * +* * * + A + Peady
Cinohons ep. Stem and Quinine, guinidine
root bark + * + + + b} - - W
Claviceps Ergotamine, ergo-
purpures toxine, ergometrine + + + ) » -~ Stoady
Cola nitide Seeds Total extract + + + + ) | -» - W
Combretus Leaves Total extract
ATCTRRL Tun + + * ¢ + ~ U

3/ A = steam distillationy B = water extrecticmj C = Aloohel extrectionj D = extrection with other solvente.



dpnex 1 (Cont'd)
Part of vailabil ng Nethod of Narket
the plant - atin produc- %
Name of plant used Product vated Wild Africa Amerioa Asia tion y oo, o Trend
Sompighors mukyl Resin Oun + s D -
co S °u ; Rhizome Diosgenin + + + D
Leaves Easential oil,
citral + + + + A + >+ Steady
Dature sp. Leaves Atropine
Derris sllintics Rout Rotenone + + + + D + +#+ Up
Digitalis lanate Leaves Digoxin and lanato-
sides + + Cyd » ++  Steady
D
Tubers Diosgenin +* +* + +* * )] ) >+ Steady
Btem Kyosoyamine,
hyoscine + + + + * ] - - Stesdy
Jebsdrs Whole 1-Ephedrine
serandiane plant + +* b » ++  Bteady
Iohedrs velgacia Wholeplant l-Ephedrine + + D - ++  Bteady

4

Whole 1-Dphedrine
plant + + -] >+ Steady
Leaves Basential oil

+ + Steady

+ + A g ++
Lsacue Llavip  Leaves Claucine + + L ¢ s ++ Stesdy
Slaucun simglex Rhizome Colohioine + * + ] -
Slorioss superks FRhizome Colchicine * + + 3 "» +  Steady
Sixcrrrhiza Rhizome Total extract + + 3 s ++  Steady
Bazacleue Roots Xanthotoxin
Saadicans + + + » + ++  Stesdy
Hikiacus Flower Dried flowers
Aandarifily + + + + + ++ Up
Stem bark Coneosine and total
alkaloid + * + b +
Jrdnooarnus Seeds Fized 0il, hydno-
Joicali carpio acid + + +
w Seeds Chasulmoogric acid
Jxoscyamia spe Root Hyosoysmine and
other alkaloids * + *
pRITINY Whole Camphor amd essen—
ahexatiaci plant tial oil * + & * + Stealy
Jakalis Leaf, Lobeline and total
Jxzanidalis flowering extract :
top . + ) ] +
.Ptn P,
Japenese mint) ) Whole plant Desential oil + + + * f 1 » “ W
Jaathe RiReriis
Bucuns pruriens Beans 1-Dopa + * » ¢ + ] ¢ * ey
Oncobs eohinata Seeds Pixed oil + +
Capmule and Norphine, codeine
latex moscapine papaverine 4 + + ) ] - - U
Fasgiflors sp.  Wholeplars Total extreot + * * + * ¢ * + Steady

Stem bark Yohimbine and
total extrect * * 9 + Steady

Dhxscatisne Seeds Physostigmine,
YIMRoEin stigaasterocl * » 2 + ++  Besly

-y 0

Iilecaraup sp.  Lewves Pilooarpine * + » * + Penly

+
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dmax ] (Contta)
Part of Qm%np;g; Nethod of Rarket
the plant 5 - m produc- %
Neme of plant used Product vated Wild Africa Amerioa Asia tion o/ o Trend
Plantago cvets  Seeds, Iepaghuls, psyllium
huskse + +* >~ + Up
dophyl lum hex- Tubers Podophyllin, podo-
emod1 ) phyllotoxin + + D -+
Polygels sensge Roots Resin + + + + Up
Stem bark Total extract * + c + -+ Steady
Seeds Psoralen
+ * b + + Steady
Reserpine, ajmaline,
deserpidine,
Roots rescinnamine,
rasarpiline
+ + » + + Up
Bark Crude sxtract
'y + [ + + Stendy
Rhizome Total extract + * + * ¢ * * SHeady
Rhizome Totel extract + + + * ¢ + * Steady
Seeds Pixed oil * + + * + + - Btendy
Berries Solascdine + + » + + » + +
Bark Gum
exudate * * » * * Steady
Seeds Strophanthine,
strophanthidine + + ] + + U
Seeds Stryohnine
vomica + * + » + Steady
Tabernanth iboge Stem bark Ibogaine + * )]
Taraxacum Root Resin and total
offioinglie extract L + * » + * Steady
Seeds Peruvoside .
* * * * } ] * L Steady
Mg Bulbs Prosciliaridine + . . N ¢+ ey
%ﬂ Rni zome Total extrect + + + + ¢ + + Stveady
W Seed Tabersonine + » 3 L U
Vines miner Leaven Vinoamine * + * + + » + + . ]




Anpex 11 '

ADDITIONAL LIST OF PLANTS USED MAINLY IN TRADITIONAL NEDICINE IN
APRICA, ASIA AND LATIN ANERICA

Zﬂﬂﬂm '1'% or_use

Acscia cstechu Por ulcers, beils, indiges-
tion and throat pain

joscis senegal Oum In diarrhoea

Aconitum hetercphyllum Antiperiodic, antidiarrhoeal,
antirhewmatic

Achyranthus aspers In leprcsy

Aoorus calmmus Antispamodic, oarminstive,
antitussive

Adsnsonia digitsta Antidiarrhoeal

Adhstoda vasica Antitussive

Adonsonia digitata

Aegle marmelcs Amtipyretic, stomaohio,
sntidiarrhoesal

Alchornea cordifolia Antimalarial

Allium sativum Buld Anti-infectious

Aloe barbedensis

Alpinia golange Mhisone Anti-infectious

Alpinia siemensis Niigome Anti-infectious

Alstonia scholaris Antimalarial, febrifugal,
axtidiarrhoeal

Althoca officinalis Antidiarrhoeal, amtidysemteric

Apcmum xanthoides For tincture of cardmom,
antitussive

Apscardium occidentale Bark Antidysenterio

Andrographis penioculata Planmt Antidysenterio

Anisomeles ovata Camminative

Anpona muricsta

Areca catechu Seed Amti-infectious

Artemisia abiutlium Flower

Artemisia herbealba

Asiscuosi asu Antimalarial




Nsme of plagt

Asiscuogl deo asfarms m
[Tresh)

Amyt_ls racemosus
Asparagus racemosug

Atrocarpus lakolcha

Averrhoa carambola

Agzadiraohta indica
Azadirachta indica

Baliospermum moptapum
Bauhinia malabarioa

Bergenia ligulat

Berberis ata )
Berberis asiatioce S
ide 108
Bidens pilosa
Blumea balsamifers
Boarhavia diffusa
Boerrhavia diffusa

Butea frondo

Carrophyllus arcmatious

Carthamus tinctorius
Carum oopticum (Ajowan)
Cassia tistula
Catharanthus roseus
Celosia argentea

Centella asiatica
Cephaelis ipecachuans
Chenopodium ambrosiodes
Cimunum oyminum
Cipohona sp.
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Part of plapt

Root

Bark
Flower
Bark
011

Plant

Flowers
Pruit

Seed

Prait

o x
Anthelminthio

Antidysenteric

Refrigerant, diuretio,
sntidiarrhoeal

Anthelmint hio

Anthelmint hio

Antimalarial

Antigeptic; in rhewmatimm

Antifilarial
Antidysenterio

In fover, diarrhoea and
pulmonary infection

In diarrhoea and jsundioe

Antimicrobial

As camphor

Hypertensive, antidiuretioc
In uterine bleeding
Anthelminthio

Por toothache; ocarminative
Btimulant

Stomachio, carminative
Laxative

Anthelminthio

In skin diseases
In amoebiasis
Bilassia
Anthelminthio
Antimalarial




Hsme of plagt
Cinnamomum osmphors

Cinnmomum inuctum
Cimmamonun tamals
Citrus aurantifolie
Clemmechlidonii
Clove

Coleus kilimanoschari
Coptis tecta

Cucurbita L)
Curculigo orchioides

Curocums OCROBS

Cyperus rotundus
Cyperus soariosus

Datura fostusa
Datura stramcmiuve

Derris zinnltu-

Demmodium gangeticum
Demmodium trifiorve
Diptercoarpus tuberculsiug

Enbelia ribes
Bpbedrs gerardians

Rugenis owipt
Bugenis jmbos
Bugenis nalacoensis
Bpstors odorstys
Buchorbis thomifolis

Poruls foslide

Leaf oil
Bark
Root
Root

Rhisome

Seeds

Rhisone

1

$EE

For rhemmatimm
Antidiarrhoeal
Aromatio, stomachic
Antidysenteric
Amthelmimthic
Caminative, stomachic
Antimicrobial

Tonic, antidiarrhoeal,
ophthalmic

Anthelmint hic

Yor asthma, gonorrhoea; as
diuretic and tonic

Blood oirculation regulator
Anti-infectious

Antidiarrhoeal, anti-
inflamsatory

Antimalarial
Astringent , tonio

Por ulcers

Axthelnint hic

Aztiastimatic; for inflama-
tion of bBromohi

Amtidysenteric

Hammomtatio
Amtidysemteric

Por gastric disorders




Eame of piagt -

Jarcinia pedunoculata Uried fruit
Gentiana kurroo Rhisome

Jentiana sp.

Glycyrrhiza glabra
Gresmatophyllum speciosus Buld

nia abbysinoa
asnis ce

Heliotropum indioum Herd

Holarrhena antidysenterios Bark

Iboza riparia
Iris pepalensis
Ixora cocoeinea Root

Juniperus sp. Pruit

Lapsive domestiowm Beed
Lipsris remosissins
Lobelia pyramidalip

Mallotus philippinensis

Nstricaria chamopils

Nelis agadarsch Leaves
Mepthe citrats

Nesua ferrea

Nillingtonia hortensis
Nigoge pudjos leaves, rocts
Mirabilis ialapa
Nomordica charantia
Nurrays paniculats Leaves
Mustard

ioa

-

Por indigestion
Bitter tonic
Antipyretio
Colitis
Amthelminthio

Por ophthalmio disorders
of ohildren

Por uloers; diuretic
Amtidysexteric

Antimicrobial, antimalarial
vermifuge

Diuretio, in bilious
obstruction

Anti-infectious

Anthelminthio
Antimalarial
Antispamodic

Amthelninthic
Amthelninthio

Btomachic, expectoramt,
paste for bites

Por hypertension

Por haemorrhoids

Wound dressing

Hypoglyarioht

Anthelninthio

0il for massage and oipiments

Carminative; for nauses and
vomiting




Name of plam
Nardostachys jstemansi

Kutmeg

Qcimum basilioum
Qcimum sanotve

rochis lanata

Papdanus odorus

Peresia cuernavecaps
llapthus emblica

mn-mhu- madraspstensis

Piororhiza scrophularaifolis

Fipus sp.

Piper betle

Piver nigrm

Piper longum

Piper longm

Blaptago major
Pluabago rosea
Plusbago geylapica
Podophyllum hexapdrum

Portulaca oleraces

Pougolgis peptapire
[+ ) R

Qu_:lmliu indice

Beuvolfia serpeptips

Riew emodi

Rhus vulgaris
R__u‘b:l; cordifolia

-

Leaves (fresh)
Roots

Resin

Leaves
Leaves
Pruit

- xy
Caminative; for cholera
and hysteria

Camminative, stomachic

Antidysenteric
Hypoglycemic, expectorant
Tonic

Amti-infectious
Antitumoral

Refrigerant, diuretic and
laxative

Antidysemterioc
Antipyretic, stomachic

Carmminative, expectorant;
in asthma and bronchitis

Anti-infectious
Stomachic, antitussive
Antifilarial, antipyretic
Stimulant, tonic
Antidysenteric

Stimulant in rheumatimm
Antifilarial

For liver and gall bladder
Anti-infectious
Anti-infectious
Anti-infectious

Anthelmint hio

Hypnotio, sedative, hyper—

tensive

Purgative; in diarrhoea
Hemnionoides

For leprosy




Hame of plapt
Sapindus mukrolli
Securidace lo edunocul
Securinega virocsa
Smilax peguans

Stemona collinsae
Stemona curticli

Stemona minor

Stemona tuberosa

Streblus asper

Swertis ohirsta

Tamarindus indiocs
Taraxacum officinalis

Temminalia arjuns

Teminalia belerica

Terminalia belericg
Terminalia chebula

Thapsia 08
Tipospors oopdifolis
Tinospora cordifolia
Trachespermum ammi

Valeriana walliohii

Vernonia alina
Veronia anthelmipticum

Veronia cinerea

VYitex glabrata

Zapthoxylum armstum
Zipgiver officinalis

-} -

o

Rhizome

Fruit

Plat
Ste

-
Spermioidal
Mollusciocidal
Polyvalent
Antisyphilitio

Anthelainthio

Anti-infectious
Trastone, sactone

Antimalarial, antipyretio,
anti-infectious; for
diarrhoea, jaundioe

Laxative

Diuretic; for ochromio
disorders of kidney and
liver

Laxative, antipyretio; for
dropsy, haemorrhoids

Bitter tonic, astringent
Antidysenteric

Rubefiant

Anthelainthio

In diabetes

Antispamodio; in cholere

Caminative; in nervous
discrders

Vemifugel, antivirel
Anthelminthio
Antifilarial, antipyretic
In diabetes

In dyspepsia and cholers
Anmtidysenterio
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Amex 1Y

Josois senegnl (4. ATedic)
Garics papayp Ananas
Chrysamthemym ciperarisefoliim
Qols pitids

Cmbopogon flaxioms

Derris elligtics

Icalyrtus sv-

Negthe sp-

Eassifiorn sp-

Ricimus communis

Soyabean (for sitomterol)
Sterculia seilsars |
Sugar-cane press mud (for stigaasterel)
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Amnex Y
BIOLOGICALLY ACTIVE PLANTS FOR WHICE DRUG DEVELOMENT
BAS RRACHED AM ADVANCED STAGE

o g Brepctios
Seeds

ABRops suriosty Oxytocic
Alpinis gismensis Rhisome Antibvacterial,
insect repellamt
Adhatods vasios Leaves Oxytocio
ARclenias CULASSAYiCA Seeds Cardictonic
Inices marissing Pruit Anti-amoebic
ganiairos edulis Seeds Hypotensive
Chepopodium foetids C.Graveclens  Leaves Antiparasitio
goleus forshoklii Roots Hypotensive
Commiphors mukul Resin Hypolipidaemic
Perrig trifolip Root Amtispammodic
Bchinops spipnosus - Vasoconstrictor
1pcmoes pescapras Plant Antihisteminic,
anabolic
Parstis hebeciads Rooks Laxative
Iutas chalepensis Leaves, st Oxytocio
Breblus asper Seed Antidacterial,
antiseptioc
Sapindua mukoresii Seeds Spemicidal
gingiver csswumupar Miscme Nuscle relaxant,

analgesio



Amez Yl

THR INFORIANT KCIFINNZS

Merile products

Oimaent

Suppositories
Tablets

Capsules
Pipotures and galemioals

Distilled water (mterile and

pyrogen free)

Sugar syrup

Symp Tolu
Syrmup Auramtil

Lanolin

Peirel jelly
Cetosteryl alcohol
Nacrogog

Gelatin, cacao butter

Starch, lactose
Microorystalline cellulose
Polyvinyl pyrolidone
Shellac

Wax

Silioones

Gclatine
Alochol
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Anpex VI1

MILITII AVAILABILE IN VAKIOUS COUNTRIES

ATRICA

ALOGERIA

1 Laboratoire de matidre medicale et pharmacologie

Paculté de pharmmcie
ALGIERS

2 Laboratoire de recherche, développement et
oontrcle pharmacie oentrale algeriemne
Lavigerie -~ EL HARRACH ALGIERS

IOYPT

1 Natural Research Center
Laboratory of natural products
Dokict , CAIRO

2 Departiment of Pharmacognosy
Paculty of Pharmacy, CAIRO

IVORY COAST

1 Institut ORSTOM
ADIOPODOUME

2 laboratoire de botanique
Laboratoire de chimie
Paculté des scienoes
ABIDJAN

RADAGASCAR

1 Centre national de recherches pharmsceutiques
TANANARIVE

NIGERIA

1 Institute of treditional mediocine

Moculty of Pharmaocy
University of IPB

Phytochenistry
Pharmacology

Uslenique
Analysis
Control

Phytochemistry

Phytochemistry

Botany

Phytochenistry
Pharmacology

Botany
Phytochemistry

Botany
Phytochmistry
Pharmacology

Phytochmistry




1 National Industrial and Consulting Institute
KHARTOUM

RMANDA

1 Groupe de recherches pour la médecine
treditionnelle, la pharmacopea et les
plantes médicinales rwandaises
Université nationale du Rwanda
BUTARE

INDIA
1 Central Drug Research Institute
LUCKNON

2 Centrel Indian Nedioinmal Plants Organisation,
LUCKNOW

3 National Botanic Gardens,
LUCKNOW

4 Regiomal Research laboratory,
Srinagar, KASHNIR

PAKISTAN

1 HeBJJ. Postgraduate Institute of Chemistry,
University of Karachi,
KARACHI-32

Botany
Phytochemistry
Pharme.cology

Botany

Chemintry
Pharmacology
Instrumentation
Pharmaceuticals
Process development
Fermentation tech-
nology

Cultivation
Propagation
Collection
Production

Plant breeding
Tissue-culture methods
for propagation of
plants herbarium

Bot
chom‘t
Pharmacclogy

Centre for instrusente-
tion (infrared, ultra-
violet, nuclear magnetic
resonance mass
speotrometry,
Nioro-anslysis

General pharmacologioal
soreening
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NEPAL

1 Department of Nedicinal Plants
Thapathali, KATHMANTU

(a) Royal Drug Research laboratory

(b) DBotanical Survey and Herbariwm
{c) Royal Botanical Garden

(d) Herbal farme

THAILAND

1 Applied Scientific Research Corporation of
Thailand (ASRCT) (Pharmsceutical Research
Division)

196 Pahclyothin Road, Bangkhen,
BANGKOX

2 Department cf mediocal sciences
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Annex IX
A WOIEL UNI? FOR THE PREPARATION OF CRUDE EXTRAOTS

The sequence of unit operatione involved in prooeseing 1 ton (t) of material
per day is indicated in the flow chart below. Depending on the nature of the
desired final product, the ooncentrate cbtained can be processed further.

Only the major process equipment is shown in the flow chart. The complete
list of equipment for the unit is as followe:

iten Capaoity Ixaber required
Drecass equipment

Weighing balance
Bammer mill with eleving arrengsment 100 kg
Percolator, stainlese steel 1501
Oirculation pump, etainlese steel,
head 10 m %00 1A
Storage tank, etainless eteel Joo0 1
Conoentrator, etainless eteel,
Jacketed with agitator %0 1
Shell-and-tube heat exchanger, 2
stainlese eteel, eurface ares 2 m 2% 1
Moeiver, stainlese steel
Solvent recovery plant
Filter
Dryer

farvice egquipment

Boiler, pressure 10 bar 300 kgh '

Yacuum pump, water-ring type, 3
vaocuum up to 0.06 bar ® 2’A

Ohilled-water ciroulation wmit 04

daalxiicel instrumeais

pE meter

Thin-layer chromatogrephy equipment
with ultraviclet lamp

Spectrophotomter, ultraviclet

Centrifuge, laboratory model

Soxhlet apparatus with bath

Yaouum pump, oil

Yacuum oven and muffle furmaoce

Kicroscope
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