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:::NTRODUCTION 

1. In the last century, medicinal plants have developed new appli­

cations as raw materials for bulk drugs and intermediates, in addi­

tion to its customary use in traditional &..t.· ·cine. The genesis of 

interest in herbal medicines (plants constitute its major sou~~e, 

animals and minerals are miaor sources) lies in their observed 

clinical benefits. The empiric performance of this natural pharma~opeia 

led (along with physiology), to characterize new drugs by isolating 

their active principles. 

2. The high cost of chemical drugs encouraged a number of develop­

ing countries, in particular in Asia, to merge the modern allopatic 

medicine with the local traditional medicine to spread health care 

coverage to the majority of the population at reasonable cost. 

Traditional medicine is a term customarily used in a very broad 

sense to cover three main groupings: (i) folk medicine, which is a 

tradition based on pharmacological properties, magic and ritual; 

(ii) traditional medicine proper, which is a comprehensive and 

rational body ~f theory and practice of an empirical pharmacological 

tradition held together by fundamental concepts of natural philosophy 

that incorporate the phenomena of health and illness; (iii) modern 

traditional medicine, which combine ancient diagnostice and herbal 

medicines wi~h modern instruments and adjuvants. 

3. A major problem in the harmonious merging of allopatic and tra­

ditional medicines is that their theo~etical structures exist side by 

side, compartmentalized. Allopatic medicine is the result of systematic 

research and development work complemented by rigourous and sophisticated 

testing methods. Traditional medicine is the outcome of empirical 

methodc systematically worked into a methaphysical structure that can 

be neither buttressed nor destroyed by experimental proof. This 

thP.oretical incompatibility is further compounded by semantic problems 

arising out of the use of different word to 1escribe the same thfng or 

the same word to describe different things. 



- 2 -

4. ihe criteria used to verify the effectiveness of a tradition~l 

treatment are very different frcm those of allopatic treatmt~t. How­

ever, herbal medicines used in traditional treatments can be ~hanna­

cologically tested for efficacy. In fact, in devGloped countries 

substantial research was devoted to elaborate chemical experiments to 

study the physiological basis for drug action followed by rigourous 

r.linical testing and the development of process technologies. In con­

trast, the fewer developing countries undertaking research and develop­

ment work concentrated more on validating the efficacy of herbal 

medicines than to the isolation of their active princ:l..plt-.s. Hence, 

expediency and financial limitations have not enabled developing 

couPtries to develop adequate process tech~ology and manufacturing 

know-how to obtain pure plant principles, for their research often 

skippP.d the elabocate chemical experiments required for obtaining 

the~. 

5. The three more important areas for the pr0duction of active plant 

principles in developing countries, are the following: 

(a) the transfer of technology for the production of active 

plant principl~s to be used as bulk drugs or intermediates. 

(b) the supply of adequ~te quantities of medicinal plants to 

ensure the required production o~ active principles, crude 

and/or purified. 

(c) the identification of tbe local flora and fauna characteriz~d 

to contain known active principles. 

Annexure A presents a :!st of important plant drugs suitable 

for production by developing countries. 

-11 
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I. THE USE OF MEDICINAL PLANTS 

A. Patterns of pharmaceutical development from pla~ts 

6. Pharmaceutical development steUDDing from flora and fauna mostly 

prevalent in developing countries, can be classified under four 

main groups as follows: 

a) Pharmaceuticals from plants used in traditional pharma­

copeias. 

b: Pharmaceuticals from plants utilized regionally against 

ailments peculiar to the region. 

c) Plants as raw materials for obtaining drugs already 

accepted in developed a,1d developing countries' pharma­

copeias. 

d) Plants as raw materials tor obtaining drug intermediates. 

7. Grn: ps (a) and (b) pertain to herbal remedfos used in traditional 

medicines. In group (a) pharmaceuticals, there 1.s a need to sta~dardize 

compositional preparations, improved formulations and more convenient 

dosage forms, a>id carry out clinical testing to ensure .,;afety, efficacy 

and acceptability. 

In group (b) pharmaceuticals, they could become sources to charac­

terize known and new drugs on t!•G identifi~ation of active plant prin­

ciples. Since the costs of isolating new active principles is high 

and require sophisticated chemical experimentation and clinical tes~­

ing, the use of plant extracts u.ay become the most economi~ option avail­

able to developing countries, depending on pharmacologi~al evidence. 

Further, it is not always necessary to undertake the expensive cost 

of extracting the active plant principles and f~rmulate them into conve­

nient dosage forms, when preparations based on total plant extracts could 

be both che&p and effect!ve. Plant extracts including the active pr~n­

cipl~s with other plant constituents, often show increased solubility and 

bioavailabil ity. 

I 

' ' 
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8. Groups (c) and (d) refer to plants used as raw materials for 

obtaining drugs and intermediates. These are plants identified to 

contain widely used known drugs or intermediates and for the production 

of which technology is available. A list of such plants for the develop­

ing countries' regions is gi•1en in Annexure B. 

In group (c) drugs, the extra~~ion of pure active principles re­

quire transfer of the relevant production technology according to the 

degree of uniqueness of each plant specie, solid longer term market pro­

spects and assurance of conti.1uous supplies of medicinal plants for 

production. The technology is generaJly available in developed 

countries whilst the plant raw material is generally cultivated in 

developing countries. 

In group (d) drug intermediates, there are fewer plants in this 

category which have production requirements similar to group (c) plgnts 

ab0ve. ijowever, further transfer of tectnology would be required to 

process thP plant-based drug intermediate into the drug itself. 

B. The consumption of plant-based drugs 

9. There are no comprehensive world statistics on medicinal plants 

and the pharmaceutical products derived from them. Such statistics would 

be difficult to compile. However, the national trade figures of de­

veloped countries and some developing countries contrive to give a view 

of world trade for economically important plant-based drugs and the 

trends perceived in chem. 

10. Over 400 bo~anical products 3re marketed internationally with 

Hamburg, Federal Republic of Germany acting as the main world trad!ng 

c~ntre for these products. The~c botanicals provide plant extracts for 

several industries such as feed, cosmetic, perfumery and pharmaceuticals, 

each with it8 requirements on quality, safety and efficiency. 
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11. Concerning plants for pharmaceuticals, imports of the main deve­

loped countries in 1980 were the USA with 34,000 tons worth 

$ 78 million l_/ and the European Economic Community with 80,738 tons 

wort~$ 180 million J:..I. Exports of the US and the EEC in 1980 were 

4,000 tons and 7,300 tons respectively. 

A recent survey on OECD countries' imports of medicinal plants 

esti~ated that imports grew from $ 53 million in 1967 to $ 127 million 

in 1976 ']_/. 

12. For example, in the single largest pharmaceutical market, the US, 

it still relies on medicinal plants as a major source of some of its 

mo~t useful drugs. A national sur?ey of prescriptions dispensed from 

phanna~ies in 1968 revealed that 25% of those prescriptions contained 

one or more active principles consisting of a crude plant material, a 

crude plant extract or a purified active plant prin~iple. Among those 

prescriptions, 76 pure active principles were found, anci all of them 

except 7 are still come~cially extracte. from plants. Further, 99 crcde 

drugs or crude extracts from plants were encountered in the surveyed 

prescriptions, which represent 2.5% of the total number of prescriptions. 

A computerized analysis of similar data for the period 1959-1968 

revealed that the percentage of plant materials as function of the total 

annual number of prescriptions, remained abnut constant. This situa­

tion has remained also in the 1970s !!..I. 

13. Market profiles for the 10 more important families of mPdicinal plants 

have been carried out recently. The trends show that the use of medicinal 

plants and derivatives in modern allopatfc medicine would not increase 

much in volume .>r may eventually decline in developed countries, 

partially due to uncertainty in the availability and quality of many 

botanicals fro~ developing countries. 

]_/ US Department of Co1111r.erce, "US imports for consumption and general 
imports: TSVSA comodity by country and origen" FT 246. 

!:_/ European Coanunities Statistical Off ice, "Analytical tables of 
foreign trade: CST", Vol. i 

1_/ "Markets for s1:lected medicinal plants and their derivatives", 
UNCTAD/GATT International Trade C~ntre, Gen~va 1982. 

!!_/ "Herbal Pharmacology in the People'L Republk of China", US Natio­
nal Ar.ademy of Sciences, 1975, pages 7 to 9. 
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Annexure B gives a list of biologically active plants which active 

principles are used n modern medicine and shows their individual market 

rctential for developing countries. Although this list was drawn up in 
5/ 

1978 - , the market potentials remain valid. 

II. PHARMACEUTICAL MA.i.'l'JFACTURING FROh MEDICINAL PLANTS 

A. Production of therapeutic agents from plants 

14. PJant extracts have customarily been the most simple and tradi­

tional form of therapeutic agent in the world. However, the modern 

and systeD12tic development of drugs based on natural pharmacopeia, 

hae evolved a sequence of operations for its attainment which covets 

three main areas of activity: 

a) chemical activities, which pertain to the isolation and 

characterization of the chemical structure of individual 

phytochemical constituents of the plant. It also includes 

the development of quality control methods, chemical syn­

thesis and modificaticn of the chemical structure to obtain 

the desired biological activities. These che~ical activities 

are oftea the preferred approach to industrial drug develop-

ment. 

b) biological activities, coveL two main areas: 

i) biological testing designed to ensure tile safety and 

efficacy of drug preparations in order to get the drug 

accepted by pharmaceutical regulatory organizations. 

These activities, in particular toxicological and 

teratological testing, needs expensive facilities, 

considerable amounts of experimental animals and large 

2._/ "Report of the technical consultation on production of drugs from 
medicinal plants in developing countries", Lucknow, India, 
13-20 March 1970, UNIDO report ID/222. 

--1 
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operating budgets since drug approval of ten 

takes several years. 

ii) genetic development of plants designed to continue 

to obtain the drugs from plants. It requires the estab­

lishment of the respective crop, agronomic activities 

to increase crop yield, and genetic activities to im­

prove the crop and yield of desirable phytochemicals. 

c) technological activities, which require technology appro­

priate to the degree of uniqueness of each plant specie 

and process development which is dependent on this factor. 

Hence, considerable research and development effort goes 

into thebe activities. 

The processes of extraction, isolation, formulation and where 

relevant, synthetic manipulation, b~comes the acquired know­

ledge and property of technology holders which have carried 

out this developmental eifort. 

Further, a considerable infrastr~cture would be needed for 

transfering this technology from one situation to another. 

Figure 1 in the annexures presept3 a diagramatic representation 

of methodology for production of plant-derived pharmaceuticals. 

15. Considerations of ~ara. 14 above and in particular 14{c), point 

out where industrial production of drugs from medicinal plants is 

concerned,that the plants to a large extent are indigenous to develop­

ing countries (see Annexure B), these plants are the raw materials 

that supply manufacturing iacilities in developed countries, the 

value added to obtain pure active principles is at least 10 times :he 

value of crude excra~ts, and thereafter high value plant-derived di·ugs 

are sold b~ck to developing countries thus putting extra pressure in 

their scarce for~ign exchange resources. 
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16. The technological status of different developing countries 

varies, a number of countries have practically no industry and can 

not easily obtain the solvents required for extraction, while 

others have a reasonably well established phytochemical industry. 

The two leading developing countries on phytochemical production 

are China and India which supply extracts, crude drugs and finished 

products for domestic use and export. For example, the phytochemical 

production of India in 1980 was US$ 125 million. Countries without 

phytochemical industry could start by preparing crude extracts for 

domestic use and export. The production units should have well­

equipped quality control laboratories; and even small units process­

ing one ton of raw material a day could be of economic benefit. 

Cou1tries "7ith a reasona~ly well established phytochemical 

industry could set up more sophisticated facilit~es which require 

transfer of suitable technology, to produce semi-finished and finish£d 

products for domestic use and export. 

B. Technologv Requirements 

17. A survey of the main technologies for processing medici~al 

plants indicated that production processes for most of the importLnt 

plant products were not covered by patents. 

18. The reqtiirements for transfer of technology for the four main 

groups of phytochemicals given in para. 6 are as follows: 

a) Plants used in traditional pharmacopeias, require analytical 

quality control techniques and generally available dosage 

technology. The nature of the dosage form depends on several 

factors such as the extent of development in the region 

concerned and the situation of the available infrastructure. 
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b) plants used regionally against prevailing regional ail­

ment;, include plant species with clinical evidence of 

curing specific ailments but whose chemical composition 

of plant material is either unknown or not yet fully in­

vestigated. 

Since ch~mical experimentation to characterize these plant 

species is expensive and lengthy, the use of plant 

extracts coupled to rigourous quality control would be the 

more viable alternative in particular if export is considered. 

The cost and time of undertaking the ~ecessary biological 

testing to overcome the pharmaceuticaL regulatory barriers 

makes it prohibitive for most developing countries. 

Currently the pharmaceutical industry is able to util!ze 

plant extracts in a variety of dosage forms where the phyto­

chem~ 11 content is standardized. Several developed and 

developing ~ountries have generated technology for the 

utilization of plant extracts. 

The transfer of such technologies either ~ram developed to 

developing countries and/or among developing countries is 

required, particularly if the technology is appropriate or 

relevant and yet the use of it is not for competing pro­

ducts. Developing countries would need to develop suitaole 

~~gulatory requirements for acceptability and introduc~ 

me~ical practitioners to phytotherapy, fc~ the employment of 

such products. 

c) plants as raw materials fG7 obtaining internationally accepted 

drugs are generally known in its major economic plant con­

stituents and the technology for processing them into 

accepted drugs. 
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This type of plant species requires an anal:tical appraisal 

of quality and quantity of the required drug present in the 

plant; the development, acquisition or adaptation of appro­

priate technology for obtaining pure active principles; and 

ass~rance of continuous supply of raw material for process­

ing. 

The technology is available mainly in developed countries 

but the raw material is primarily grown in developing 

countries. 

d) plants as raw materials for drug intermediates, comprise a 

limited number of plant species which technolcgy require­

ments are similar to group (c) plants above. 

Howeve~, technology to extract and isola~e plant-based inter­

mediates need to be complemented, when feaGible, b¥ methods 

of synthesis for conversion of the natural product to the 

drug itself. 

C. Supply of plan~ raw materials 

19. Developing ~ountries have a ri=h flcra that is a poteatial source 

of known drugs and new biological:y active substance£. A co­

ord:'..natqd effort would be needed to properly exploit that vast 

resource, in particular of pharmacological screening for the 

biological evaluation of medicinal ?lants. 

20. A few years ago, WHO compiled a r~presentative list of tne plants 

most widely used in traditional medicine in the i.;orld !'._/. Only 

a fraction of those plants have been fully investigated concerning 

their phytochemical constituents and their therapeutic potential. 

6/ "Inventory of medicinal plants", G. Penso, WHO-DPM/WP/78-2, 1978. 

I 
"I 
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21. Concerning plants as raw materials for drug or intermediate 

production, a major problem of the pharmaceutical industry is 

to ensure a regular supply of such plants in adequate quantity 

and quality. A number of these plants grow wild, but many 

others need to be cultivated. Annexure B shows the availability 

of cultivated and wild plants in developing countries. 

22. The indu~trial scale cultivation of medicinal plants demand 

special requirements not all of which are analogous to cultivated 

food crops. For instance, the value of a medicinal plant crop 

is dependent on the high content of the required phytochemicals 

within it, and this may differ from standard food crop yield 

per hectare. 

Further, there are very significant differences among plaut sp~cies 

and geographical locations that have Lo be taken into acco11nt as 

well as agronomic requirements on soil conditions, altitude and 

humidity, sunshine availability, plant nutrients, good farm 

management practices, etc. 

In addition, proper practices should be established for t~e 

cultivation, harvesting, storage and processing of medicinal 

plants. 

Ill. CONCLUSIONS 

23. The main features that highlight the issue of drug development 

based on medicinal plants are the following: 

i) plants used in traditional medicine provide important leads 

for the development of new therapeutic agents. These plants 

grow primarily in developing countries. 

ii) the technology for the systematic evaluation, analysis and 

processing of useful d:ugs from medicinal plants have 

generally been developed and is utilized in developed 
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countries. Drugs isolated ~rom plant raw materials supplied 

by developing countries are sold back to these countries 

at relatively high cost. 

iii) Often, developing countries are ur.aware of .:he phytochemical 

constituents of their flora that could give rise to in­

dustrially utilizable drug material. 

iv) there are many diseases prevailing in developing countries 

for which effective therapies could only be obtained through 

cooperation between developed and developing countries. 

This co-operation should cover from basic research through 

technology development and clinical trials. 

24. One of the first requirements for the development of plant-derived 

therJpeutic agents is the systematic compilation of relevant in­

formation on botanical, ethnomedical, agronomic, phytochemical, 

technological, etc. characteristics of plant species used in 

traditional pharmacopeias. Of~en many developing countries are 

unaware of a wealth of data already available on plants growing 

within those countries. 

25. An examination of the patterns of drug development from plants 

and its techrJlogice.l requirements for production indicate that 

developing countries are generally not in position to identify 

and isolate new drugs from plants on its own (see figure 1 in the 

annexure). However, co-operation efforts making use of ethnomedical 

information and promising research leads, may translate them into 

coDD11ercial drug production. 

26. Technology for groups (a) and (b) of herbal mediciner (aee para. 6) 

is relatively simple to develop, adapt or transfer to a given 

situation. The products are not likely to be competitive with 

those produced in developed countries but may compete with similar 

products within developing countries. In the latter case, there 

I 

I 
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is a risk to regard the newly developed formulations of traditional 

medicines es inferior medicines in comparison with chemical drugs, 

which need not to be the case if proper scientific methods are 

utilized. 

27. However, groups (c) and (d) of plants as raw materials for drugs 

and intermediates respectivP.ly, require transfer of appropriate 

technology from developed to developing countries in order to 

better utilize the latter's raw materials for global benefit. 

For example, drugs obt~ined from group (c) plants such as quinine, 

quinitine, reserpine and related alkaloids are isolated from plant 

raw materials of ieveloping countries but are processed in North 

America and Western Europe. The same applies to intermediates of 

group (d) olants such as diosgeni~ and tabersonine. 

In the ~ase of liquorice, the plant is native to Southern Europe 

but is co111Dercially cultivated in several drveloping countries 

which export its roots to Western Europe. A developing country 

which is a major supplier of liquorice roots sought, without 

success, european technology for processing the roots into Folid 

extract. This setback was d~e in part to his lack of means and 

expertise to neGJtiate acceptable terms for technology transfer. 

It would be generally possi~le that a major portion of the 

processing of plants of groups (c) and (d), if not in its entirity, 

could be done where the raw material is grown and harvested. A 

further advantage of this co-operation through transitr of technology 

would be the redundancy of competitive chemical processes r~ 

obtain the same drug which is more econom.!cally obtained from 

plants. This would entail substantial savings on research and 

development costs for developed countries. 
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ANNEXIBlE B 

ILLUSTRATIVE LIST qF BIOLOCICALLY AC'TIVE PLANTS 

•- ot plant 

Acacia arab~caJ 
IC&Cia senegal) 

tconit- sp. 

tcorus calurua 

h., .ilua 
liippocastanum 

.i«a'"' aisalana 

iloe •P• 

Almi -ju• 
Almi visaap 

Part ot 
the plant 
used 

Stem 

Root 

Rhizoae 

Seed• 

.;,.·uice 

Product 

Total extract 

Eaaential oil an". 
crude dru« 
hacin and total 
extract 

Rec~n 
Leat juice !loin 

Seeds 

Fruita 

lanthotozin 

JmolNm subulatum Pruita 

V illllqin, lche 11 in 

Essential oil 

Essential oil AmolllWll 
iiirtiiio id<!a 

.Indira araroba 

~sp. 

.lnise 

Art:emieia 
aan.til'la 

~ 
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bark 
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!:2!.!!!!. 
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Leave• and Sennoaides 
pods 
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Root• 

Root. 
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fie%U011118 

.!!!!!!:! 811• i.-
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Dioecorea 
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"!l0f01'0id•• 
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Plent!I!! o-t• Seed•, i.p.gtml.a, 1197111-
hU8b + + ++ ++ Up 

Poclo1!!3[11- hex- Tllben PodoplQUin, poclo-
~ tf.mod.i) JJllTllotona + + J) + ++ 

Po!zl!!• •"!!!!! Roota a..ta + + + + 1ip 

Prwma a!ricana St• bark 'fatal ertnct + + c + ++ Stud,J 

Paoralea Seed• Pmoni-
c:o!Zhrolia + + D + + Stuq 

~llOlri• ) 

"-'~! 
bauvine, ajmaline, 

~iria Root• 
48"1'Pidille, 

•e!J?!ntina re.c~e, 

..u110l'ia ~line 

-~ • + J) + + Up 

Fl!.-. Bark Cnail• atl'9Ci 
punbiana + + c + + S~eq 

:.Ileum modi Rhi- Total extract + + + + c + + Ste..i;, 

111- palm'·• llhis- 'l'otal extract + + + + c + + Steq 

Ricinua couwiia Seed.a FiDll oil + + + + + + ++ Stud,J 

!2!!!!:? llP. BerriH Soluodill• + + + + + J) + + 

ioterculia Bark a-
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~ atrophllirtbidine + + J) + + Up 
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e!!!!. 
S-t~chnoa 1111% S.eda Stl'J'Cllniu 

~ + + + J) + + Ste9d;r 
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'l'bneUa Seeda Pel'P'Ollida 
1•£ii'2U• ·- + + + J) + + Ste9d;r 

u~ .. indica) 
Qi'.jiea ecilla ) ailb9 l'l'OIKill&ricline + + + c + + Ste9d;r 

Taler!!!!! ) 
ot!ic!:l!!li• 

~ Rhi- To\&l extract + c Ste9d;r 
Yalerl- + + + + + 

iiiIUClli:i. 

!r=ti ) 

~ Seed ~ D Up 

!M: + + + 

Ylnca •inor i.-. Y1-1M + + + + + D + + Op 
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