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ROM his first awakening man has sought

to fight and control diseases, and turned to
Nature for inspiration and guidance. During
thousands of years of early human existence,
many natural materials, by instinct or intuition
or tnal and error got in use for combating human
ailments. Thus, the classical medical systems,
-.ch as Ayurveda of India and the folk-lore of
various countries, lean heavily on natural pro-
ducts. Natural products have been derived from
higher plants, microbes or animals, and these
can be of either terrestrial or marine or aquaticin
origin. The medicinal preparations based on
these raw materials were in the form of crude
drug such as a dried herb or an extract thereof
and were invariably derived from a mixture of
several materials. With the advent of European
scientific methods, many of these reputed medi
cinal plants came under chemical scrutiny, lead-
ing to the isolation of active principles.
Beginning with A.D. 1800 there was continuous
activity in this area and many of the well-known
medicinal plants were chemically analysed and
their active principles characterised. Soon after
their isolation and characterisation, these com-
pounds either in pure stat¢ or in the form of
well-characterised extracts, became part of
pharmacopoeias of several countnes.

While this phase of modem medicine was
developing, chemists and pharmacologists were
busy in synthesising and evaluating new mole-
cules. However, the biggest impetus for the syn-
thesis of drugs came by the close of nineteenth
century when Paul Ehrlich propounded his con-
cept of chemotherapy. Ever since there has been
more and more activityinthisarea and more and
more synthetic drugs came to be utilized for
treatment of human and veterinary diseases. At
present it is generally thought that natural pro-
ducts have lost much of their importance. This,

* Based on alecture delivered at the International Seminaron
Medicinal Plants, Phytochemicals and Bulk Drugs, held in
New Delhi on March 23, 1983,

in fact, 1s not true. An analysis of prescriptions
dispensed from community pharmacies tn USA
was carried out’ in 1973 and this showed that as
many as 419 of the prescriptions contained one
or more products of natural origin as the thera-
peutic agent. The total value of these prescrip-
ttons was of the order of Rs. 3000 crores. Of these
prescriptions, 259% were derived from higher
plants, some 13% represented metabolites of
microbes and about 7% were of animal origin.
Another recent (1978) reference’ mentions that
25% of the 200 most frequently prescribed drugs
in the USA, were of natural provenance. The
situation would appear to be similar for many
other countries including India, and as a matter
of fact, this figure may be even higher for Soviet
Union, Germany and Italy.

More than 75 pure compounds derived from
higher plants find their place in modern medicine

and some of the traditional ones are shown' in
table 1. However, 1t may be noted that -
ephedrine, ephedrine, emetine, caffeine, theo-
bromine, theophylline and papaverine are now
mostly produced synthetically, for economic
reasons. This brief introduction should serve to
drive home the importance of natural products
in the present-day medicine.

NEWER DEVELOPMENTS AND STRATE-
GIES FOR DRUG DISCOVERY FROM
NATURAL SOURCES

However, most of the drugs discussed so far,
were discovered and introduced in modern phar-
macopoeias during 1850-1950. Beginning with
1950 science has made rapid, often overwhelm-
ing strides along all its facets and medicine has
been no exception. Breakthroughs ina discipline
are often the results of outstanding progress in
related disciplines. Advances tn chemistry, phy-
siology, biology and physics, coupled with deve-
lopment of technology for isolation, analysis,
charactensation and structure recognition have
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TABLE .
Imporiant traditional active plant principles

. N ———

No. Drug Plant source % of total R,,
e
1. Codeine Papaver somniferum 2.03
2. Atropine Hyoscyamus muticus 1.50
3, Y-Ephedrine® Ephedra spp. 0.90
4. Ephedrine® Ephedra spp. 0.77
5. Hyoscyamine Hyoscyamus muticus 1.00
6. Digoxin Digitalis lanata 0.73
7. Hyoscine Datura metel 0.66
8. Dhgitoxin Digitalis purpurea 0.33
9. Pilocarpine Pilocarpus jaborandi 0.26
10, Quimidine Cinchona spp. 0.18
11. Quinine Cinchona spp. -
12, Emetine® Cephaelis spp. _
I13. Cafteine® Thea sinensis -
14. Theobromine* Theobromo cacao —
15. Theophylline* Coffea arabica -
16. Papaverine® Papaver spp. ~
Colchisum autumnale -

17. Colchicine

* Now mostly produced synthetically

led to great advances in drug development. The
contributions of natural products to medicine
during the period after 1950 have been outstand-
ing and these will be briefly reviewed. Chemical
compounds have been obtained from higher
plants, microbes and animals, but we shall res-
trict our discussion to products derived from
plants and animals, though, microbial metabo-
lites™ constitute a vast field, the subject is not
directly relevant to the present theme.

A chemical entity derived from nature may be
useful as a drug by itself orit might serveasaraw
matenal, best suited for chemical processing into
a drug. Or, 1t may be suitably derivatised to
optimise a particular biological activity leading
to what are called semisynthetic drugs. Alterna-
tively, it may serve as a model for development of
a totally synthetic drug. Since, it is not proposed
to take up natural products as raw materials for
drugs, 1t would suffice to mention that steroidal
hormones provide an excellent example, as they
are almost entirely produced®® from other ste-
roids such as diosgenin, stigmasterol or sito-
sterol, which are not drugs per se. It is proposed to
discuss bnefly the remaining aspects.

How does one go about discovering a natural
product for use 1n medicine? Various strategies
have proved useful and these may be classified
into the following three categories:

(1) Recognition of hormones, bio-regulators,

enzymes and enzyme inhibitors from a study
of mammalian (preferably human) biochemi-

stry and physiology.
(2) Random search and
considerations.
(3) Ethnotherapeutics: folklore and traditional
systemns of medicine.

chemotaxonomic

It will be worthwhile to discuss newer develop-
ments and future potential in terms of these
strategies.

Mammalian Chemistry and Drug
Development

This has been a very potent source of drug
development. Important, well-known examples
are insulin, thyroxine, sex hormones, adrenoceor-
tical hormones, oxytocin, many of which were
introduced in clinical usage between 1950-1960.
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Special atténtion may be drawn to the steroidal
sex and adrenocortical hormones', the study of
which dominated drug development from natu-
ral sources during the 1950-1965 period, when
several semisynthetic analogues® with superior
therapeutic activity were discovered and
launched.

Beginning around 1960, a great deal of atten-
tion and effort began to be expended on other
bioregulators of importance to mammiian physi-
ology. This phase overlapped an era when ste-
roid research appeared to have reached a point of
low returns, and these areas appeared to be
promising. These investigations resulted in the
recognition of several polypeptides as important
hormones, and a number of Cy lipid acids, desig-
nated as prostaglandins, as 1mportant
bioregulators.

Peptide hormones’ are released by thymus,
hypothalamus, pituitary, thyroid, pancreas and
even by gastrointestinal mucosa. The technique
of radioimmunoassay' played animportantrole
in these investigations. Many of these results
have clinical applications. As an example, it may
be mentioned that human calcitonin, a hormone
originating from the thyroid gland, 1s now being
manufacturcd by a synthetic process’’ and is
used in the clinical treatment of Paget’s disease.
While on the subject, it should be pointed out
that at least some of the these hormones are
candidates for production by what has come to
be known as genetic engineering’ *. This powcrful
technology is being vigorously refined and 1s
considered to have extensive scope for the pro-
duction of medicinals for human and veterinary
use'® (and even in plant cytogenetics which have
a direct bearing on the production of phyto-
chemicals). The first drug produced by genetic
engineering is human insulin and was released in
UK in 1981 for clinical application, under the
trade name Humulin (Els Lll'ly)H

As already mentioned, pmstagfandms
represent another important field arising from
the study of animal chemistry. It was von Euler
of Karolinska Institute, Sweden, who following
earlier observations, found that human seminal
plasma stimulated a variety of smooth muscles.
He recognised the presence of an active principle

5,16

and named 1t prostaglandin (1935) thinking that
it is being brosynthesis by the prostate gland.
Though this belief has since been proved to be
erroneous, the term prostaglandin has been
retained. Prostaglandin research suffered a set-
back because of the Second World War, but the
thread was picked up by Bergstrom after the
War, who showed (1949) that more than one
prostaglandin are present and he succeeded 1n
the isolation and structure c¢lucidation of a
number of prostaglandins during the period
1950-62. It was thus recognised that prostaglan-
dins are based on the Cog fatty acid arachidonic
acid (figure 1), and that prostaglandins are ubi-
quitous in mammalian tissues. If was further
shown that prostaglandins exhibit a diverse spec-
trum of biological activity and that also at
exceedingly low concentrations. Thus, some
prostaglandins contract, others relax smooth
muscle, some promote leuckocyte migration,
some regulate gastric secretions, some promote
while others prevent platelet aggregation.
Further studies led to the discovery of other
closely-related compounds which are also biolog-
cally active at very low concentrations, These are
also shown in figure 1. Thus, prostacyclin
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Figure 1. Eicosanoids,
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(PGI2)"", which has pronounced antihypertensive
and platelet aggregation-inhibiting properties,
thromboxanes'® (e.g. thromboxane Az is a pow-
erful prostacyclin antagonist), and leukotrienes'
important mediators in asthma—are all closely
related to prostaglandins. All these compounds
arise from enzymic oxidation of arachidonic acid
and this group has come to be known as
eicosanoids'®.

Prostaglandins and related compounds have
considerable potential for clinical utility in
reproductive, respiratory, gastrointestinal, and
cardiovascular-renal systems. As a matter of
fact, a number of prostaglandins and their ana-
logues have been released for clinical and veten-
nary use'® and some of these are shown in figure 2.

While on the subject of drugs based on human
and animal secretions, mention must be made of a
potent, orally effective hypotensive drug, Capto-
pril (1; 1981, Squibb)™, a synthetic peptide, pat-
terned after the active principle, a nonapeptide,
in the venom of South American pit viper,

Bothrops fararaca.

Current Science, October 20, 1983, Vol. 52, No. 20

Random Search and Ethnotherapeutics

Random search (and chemotaxonomic consi-
derations), and examination of ethnotherapeu-
tics consitute important strategies in search of
drugs from higher plants, and marine flora and
fauna.

Research aimed at discovering new drugs from
higher plants has been rather erratic during the
pennod 1950-80, mainly as pharmaceutical indus-
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Flgure 2. Some prostanoids in clinical/veterinary use.
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try has been reluctant to invest in a major way,
because of problems associated with plant collec-
tion, standardisation and supply. Thus though
during the period 1950-1970, approximately one
hundred basic new drugs were introduced® in
the USA, contribution from higher plants was a
mere five drugs (veserpine, deserpidine, rescin-
namine, vinblastine and vincristine). However,
reserpine, vinblastine and vincristine represent
outstanding contributions to drug development,

Rauwolfia serpentinag (Sanskrit, Sarpgandha)
is a well-recogntsed drug for the treatment of
hypertension, insomnia and insanity, in the
Ayurvedic system of medicine. Though, earlier
investigations, with a view to isolating the active
constituent proved futile, the crude drug came
into focus again as a result of a publication
(1949) on its antihypertensive activity by Vakil.
Systematic separation, aided by bioclogical
assay, enabled Schiittler, Mullerand Bein (1952)
at Ciba to tsolate the compound responsible for
most of the tranquilising and hypotensive effects
of the crude drug. The elucidation of structure of
this compound, which was named reserpine (2)
and 1ts total synthesis constitute important land-
marks, in alkaloid chemistry®’. Reserpine was
first introduced as an antihypertensive drug,
under the trade name Serpasil® in U.S. by Ciba
in 1953, A few years later (1956) rescinnamine (3)
which 15 3,4, 5-trimethoxycinnamic ester of
methyl reserpate and is present in Rauwolfia
plants but is more easily obtained by a partial
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synthesis, was introduced in U.S. by Pfizer, as an
antihypertensive drug®. This was followed by
another closely related compound, deserpidine
(4: Abbott; 1957, U.S)), a component of Rau-
wolfia canescens again as another hypotensive
agent*?.

This success with Rauwolfia alkaloidsled toa
virtual renaissence in plant drug research, but
with limited success and by the end of 1965 most
pharmaceutical houses had abandoned this area
of drug development. However; this period saw
the emergence™ of two dimeric alkaloids, vin-
blastine (5) and vincristine (6), as drugs for the
treatment of Hodgkin's disease, lymphosarcoma
and leukaemia in children. Work on periwinkle
plant, Carhararithus roseus, (L) G. Don was inde-
pendently taken up 1n two different laboratories
for its alleged hypoglycemic activity as per
Jamaican folklore, Though one of the groups

could substantiate hypoglycemic activity, the

Vinblastine (5): R = Me

Vincristine (6): R = CHO
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Canadian group of Noble, Beer and Cutts suc-
ceeded in isolating vinblastine, while Eli Lilly
group which included Johnson, Svoboda and
others could isolate vinblastine and vincristine
and two other active dimenc alkaloids. These
alkaloids are present in exceedingly low concen-
trations, in a complex mixture of over 50 alka-
loids, and their isolation was made possible only
as separation was systematically led by appro-
priate pharmacological assays’"*. Vinblastine
was introduced as a drug (Velban, Eli Lilly) in
1961, and vincristine (Oncovin, Eli Lilly) in
1963, A semisynthetic derivative vindesine,
which is 4-deacetylvinblastine-3-carboxamide,

has been recently (1980) marketed as an anti-
tumor drug 1n Europe, under the trade name

Eldisine, by Eli Lilly*.

Vinca species have been greatly valued in the
folk medicine of Europe and Middle East.
Extensive pharmacological work on vincamine
(7), first isolated by Schlittlerin 1953 from Vinca
minor L., has led to its introduction as a hypo-

tensive agent and a mild sedative in Hungary
(Devincan, 1970)'%°

H
= N
N -
HO
Me0OC™ i\
Vincamine

(7)

Modification of natural substancesisa power-
ful tool in devising useful drugs*®. Semisynthetic
sterotds and prostanoids have already been
referred to earlier. This approach has been very
successful with ergot alkaloids, some of which
have been in clinical use for quite sometime now,

especially for relieving migraine headaches
(ergotamine) and for obstetrical use (ergono-
vine)*’. 2-Bromo derivative of ergocryptine,
named bromocriptine (8) has now been intro-
duced (1975) by Sandoz, under the trade name
Parlodel, as an effective lactationantagonistand
for treatment of morbus Parkinson®%

Bromocriptine

(8)

The development of a totally synthetic drug
based on a natural product model can be illus-
trated by the following. An infusion of the [2aves
of the plant Ammi visnaga Lam. has been used in
Fgypt and necighbouring countries as a folk
remedy for croup and colic. Its active principle
was shown (1938) to be the furochromone, khel-
lin (9) which proved (1947) to be a bronchodila-
tor”?!, However, khellin was too toxic and
several initial investigations aimed at improving
its activity proved futile. Further investigations
by another group finally led to the bis-derivative,
disodium® cromoglycate (10), which has since
been marketed as an anti-asthmatic drug under
the trade name Intal (Fisons) first in France
(1969) and later (1973) in Us™.

The drugs discussed so far represent the most
important, though limited, contributions from
research on higher plants. However, the total
effort, including investigations carried out in
universities and research institutions not belong-
ing to pharmaceutical companies, has not been
inconsiderable. A rather large number of new
organic compounds exhibiting a variety of phar-
macological activity have been 1solated and cha-
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racterised. A major effort organised by National
Cancer Institute (USA) has gone into random
screening of higher plants for anticancer agents.
Several interesting leads have been obtained.
Recent reviews®** and books*** describe high-
lights of such investigations, covering not only
higher plants, but also microbial products and
marine flord and fauna. Other reviews****’and a
book™ cover natural products showing various
biological and pharmacological activities of
interest in therapeutics. A number of pro-
grammes aimed at chemistry and biological

activity of metabolites of marine flora and fauna
have greatly enriched our knowledge on these

subjects, and recent reviews on biological acti-

vity are available® ",

AYURVEDA AND DRUG
DEVELOPMENT FROM NATURAL
SOURCES

It is clear from the matenal presented so far,
that most of the drugs from higher plants which
have carved out for themselves an important
place in modern medicine, invariably had their
otrigin in the folklore and traditional systems of
medicine of various cultures. In view of this, it

would be worthwhile to evaluate the potential of

this source for future drug development from
natural sources, especially higher plants, and the

well-established traditional systems of medicine
which are stili widely practiced in India and the

neighbouring countries, and in South East Asia
and China. Though these systems had, in the
past, bedn viewed with skepticism by practition-
ers of Western system of medicine, there appears
to be a fresh interest in these traditional
systems 44

Ayurveda isstill widely practiced in India. One
estimate gives the number of Ayurvedic practi-
tioners 1in India as 2,23,230 (1978). Plants form
an important part of Ayurvedic pharmacopoeia,
Charaka Sambhita, one of the carliest treatises of
Ayurveda (600 B.C.) lists a total of 341 plants
and plant products for use in health manage-
ment* Subsequent authors of later treatises
(Nighantu Granthas), and there are over seventy
of these, have extended the list of Ayurvedic
single plant drugs to six hundred species of
plants®. Thus, a definite basis exists for investi-
gating these plants for biologically active

constituents. . ‘
Many of these plants have received sporadic

attention from Indian chemists, but it is only In
recent years that two programmes were orga-
nised, though on a random search basis, for
screening of Indian flora for biological activity.
Though the outcome of Ciba-Geigy (Bombay)
programme™ is not known, summaries of resuits
of the programme undertaken by Central Drug
Research Institute (CDRI1), Lucknow have been
published®’. CDRI investigations have yielded
some leads, but nothing outstanding appears to
have been achieved. Since this random search
does include a large number of Ayurvedic crude
drugs, do these results show that most of these
so-called drugs have little scientific basis, or, 1s it
that a new strategy for evaluating these plants s
called for? It is felt that the paramount require-
ment is to devise a new, more effective strategy™.
There are hundreds of Ayurvedic plant prepara-
fions which have withstood the test of time. {t1s
necessary first to examine claims of these prepa-
rations as such. This should be done first on 2
¢clinical basis using all modern parameters. Once
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the claims of a particular preparation have been
demonstrated by competent research, work
should be undertaken to identify active princi-

ple/principles. This approach should take care’

of various imponderables, such as the question

of nght anmimal models, therapeutic action via
prodrugs and immunopotentiation, the ques-
tion of synergism and antagonism, factors which
can greatly interfere with the outcome of work
on traditional drugs and natural material in gene-
ral. Isolation of reserpine from Sarpgandha
(Rauwolfia serpentina) is a good €xample in
favour of the above strategy. It was Vakil's
work® on antihypertensive effect of Sarpgandha
in man, that not only paved the way for the
isolation of reserpine, but also resulted in the

vindication of Ayurvedic claims.
Beginning with mid sixties a number of Ayur-

vedic single drugs have been screened for the
claimed therapeutic effects. Results published so
far tend to support Ayurvedic claims™ % Asan
illustration, some of these plants are listed in
table 2.

Our own expenence with Guggulu, gum resin
exudate from Commiphora mukul (Hook. ex
Stocks) Engl. (Syn. Balsamodendron mukul
Hook. ex Stocks) has been quite satisfactory™.
The classical Ayurvedic literature claims its effi-
cacy in a varniety of metabolic disorders especially
rheumatoid arthritis and obesity, We undertook
investigations, in collaboration with the pharma-
cological group of Dr Swarn Nityanand at CDRI,
Lucknow in an effort to track the claimed biologi-
cal activity, especially hypocholesterolemic/hy-
polipaemi¢ activity and isolate and characterise
the pharmacologically active compound(s). It
was soon found that neutral ethyl acetatesoluble
fraction, which contained several ketones, exhi-
bited high lipid-lowering activity. Further work
led to the 1solation of these compounds and it
was found that two steroids, named Z-and E-
guggulsterone 11, 12 are responsible for the
hypolipaemic/hypocholesterolemic activity of
Guggulu. The total ethyl acetate extract (*Gug-
gulipid”) has been standardised in terms of gug-
gulsterones and has been selected for drug use.
Phase 111 clinical trials are 1n progress and hope-
fully “Guggulipid” should reach the Indian
market as a hypocholesterolemic drug by
1984/ 1985.

Thus, I believe that Ayurvedic drugs represent
a treasure-trove waiting to be explored by all the
modern techniques.
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TABLE 2.
Some Ayurvedic Crude drugs with pharmacologically proven claims

T — i

Plant

— - - Type of activity
No. (Botanical) (Sanskrit)
{ Achyranthes aspera Apamarga Diuretic™
2 Acorus calamus Vacha Tranquilizer™
3 Artemisia vulgaris Nagadamni Cardiac tonic®
4 Butea frondosa Palasha Anthelmintic®!
5 Bacopa monnierie Brahmi “Memory™"
6 Boerhaavia diffusa Punarnava Antiinflammatory”"
7 Cassia fistula Suvarnake Cathartic™
8 Centella asiatica Mandukaparni “Intelligence’™"
9 Curcuma longa Haridara Antiinflammatory™
10 Eugenia jambolana Jambu H ;y]:z.ﬁglycemi+r:51
11 Euphorbia thymofolia Laghududhika Antiasthmatic™
12 Sida rhombifolia Mahabala Anabolic™
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