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Medicines from nature:
are natural products still
relevant to drug discovery?*

Alan L. Harvey

Historically, most drugs have been derived from
natural products, but there has been a shift away
from their use with the increasing predominance

of molecular approaches to drug discovery.
Nevertheless, their structural diversity makes them a
valuable source of novel lead compounds against
newly discovered therapeutic targets. Technical
advances in analytical techniques mean that the use
of natural products is easier than before. However,
there is a widening gap between natural-product
researchers in countries rich in biodiversity and
drug discovery scientists immersed in proteomics and
high-throughput screening.

"Based on a presentation at the Royal Society of Medicine confer-
ence on Medicines from Nature. Proceedings will be published in
the Journal of Ethnopharmacology.
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The costs of drug discovery and drug development
increase all the time, but there is a decrease in the num-
ber of new medicines introduced to the world market!.
Efforts are being made to improve the efficiency of
the drug discovery process by using high-throughput
chemistry and high-throughput screening. This raises
questions about whether the previously most successful
source of drugs (i.e. natural products) has any place in
modern drug discovery.

Against this background, it is worth considering how
new medicines have been discovered (see Box 1).
Broadly speaking, three different approaches have been,
and continue to be used. These are: traditional, empirical
and molecular. The traditional approach makes use of
material that has been found by trial and error over many
years in different cultures and systems of medicine.
Examples include drugs such as morphine, quinine and
ephedrine that have been in widespread use for a long
time, and more recently adopted compounds such as the
antimalarial artemisinin. The empirical approach builds
on an understanding of a relevant physiological process
and often develops a therapeutic agent from a naturally
occurring lead molecule. Examples include tubocurarine
and other muscle relaxants, propranolol and other
B-adrenoceptor antagonists, and cimetidine and the his-
tamine H, receptor antagonists. The molecular approach
is based on the availability or understanding of a mol-
ecular target for the medicinal agent. With the develop-
ment of molecular biological techniques and the ad-
vances in genomics, the majority of drug discovery is
currently based on the molecular approach.

PII: S0165-6147(99)01346-2
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Box 1. Drug discovery sources in context

Different types of chemical compounds (top left-hand
side of diagram) are tested against bioassays that are
relevant to therapeutic targets, which are derived from
several possible sources of information (right-hand
side). The initial lead compounds discovered by the

Sources of compounds

Chemical librariesO

screening process are optimized by analogue synthesis
and tested for appropriate pharmacokinetic proper-
ties. The candidate compounds then enter the devel-
opment process, involving regulatory toxicology stud-
ies and clinical trials.

Therapeutic targets

Historical compound collectionsO
Natural product librariesO

Traditional medical uses of natural products

Combinatorial libraries

Empirical understanding of physiology and pathology

Rational synthesis

Molecular cloning of receptors and signalling molecules

Antisense oligonucleotides

Genomics

Drug discovery screening assays

!

Lead optimization and candidate selection

{

Drug development

(Online Fig. I)

Molecular approaches to drug discovery

The molecular approach to drug discovery can be fur-
ther subdivided into three general categories. The first is
rational drug design using computer-aided techniques.
A second area is the antisense approach, which is based
on manipulation of genetic targets. The third technique,
which currently dominates drug discovery activity, is
the pragmatic approach of random screening?.

With recent technological developments in molecular
biology, instrumentation and information technology,
screening of compounds can be conducted at throughputs
that could not have been imagined, even a few years ago®.
The availability of molecular targets, the ability to engineer
such targets into simple reporter systems such as yeasts?,
and the use of robotics to handle the samples and conduct
the assays make random screening of chemical diversity a
very attractive approach to the discovery of novel activity.

The techniques of molecular cloning provide the
possibility of deriving an understanding of physiological
processes at the molecular level. Currently, over 250
gene products relating to major neurotransmitters are
known, and hundreds of different subtypes of ion chan-
nels have also been characterized genetically. There has
been a similar increase in the understanding of intra-
cellular signalling pathways, opening up the possibility
of many new target sites for drugs.

The molecular approach should also enable a molecular
dissection of any disease process. However, in practice this
is unlikely to be simple: the reductionist approach loses the
systems integration that is a key feature of many physio-
logical and pathophysiological processes. Molecular biol-
ogy provides more potential therapeutic targets than can
be experimentally validated, and target validation becomes
a potential bottleneck for high-throughput screening.

Another challenge for successful application of random
screening is to find sufficient numbers of compounds for
testing. The compounds also have to be structurally di-
verse in order to increase the chance of finding activity at
the molecular target. Natural products could have a key
role, if they could be made more user-friendly, that is
reliably and consistently supplied, limited to compounds
with drug-like properties?, and accessed without worries
about political concerns over rights to biodiversity®.

Compounds for high-throughput screening

Over the past ten years, many biochemical assays have
been adapted for use on 96-well microplates, and more
dense formats are becoming common. This has enabled
enormous increases in throughput to be achieved, but this
in itself creates new problems!’. For example, the in-
crease in the number of assays from 10 000 per year to, po-
tentially, 100 000 per day implies an enormous increase

TiPS — May 1999 (Vol. 20)

LPR
0@ OOO

$
1N
%

epymc®

SPECIAL
FEATURE

197

%Cs e



198

V1 E W P O I N T

in the cost of consumables and creates a vast requirement
for data handling. In addition, there is the problem of
finding sufficient chemical diversity to feed the screens.
Apart from re-using in-house collections of compounds,
many companies are hoping that combinatorial chem-
istry will provide the necessary chemical diversity.
Combinatorial chemistry is the general term for the ap-
proach to synthesizing compounds in parallel rather than
sequentially!-14. Various techniques have been devel-
oped, and some of them are capable of generating vast
numbers of different compounds very rapidly. These meth-
ods tend to be based on peptides or oligonucleotides so
that, although biological activity could be discovered on
high-throughput screening, the active compound is un-
likely to have physiochemical properties suitable for use
as a drug. Most recent developments in combinatorial
chemistry have concentrated on use of small organic
building blocks, such as benzodiazepine or other hetero-
cyclicnuclei, in order to create libraries with more drug-like
qualities!®. However, it is not yet clear how much three-
dimensional diversity can be obtained from such libraries.
The other major source of chemical diversity for
screening purposes is natural products. Historically, of
course, these have been the basis for many clinically success-
ful drugs and there are also more recent examples of
natural products introduced into the market, for example
the antimalarial artemisinin, and the anti-cancer agent
taxol. In a recent survey, Cragg et al.1> estimated that 39%
of all 520 new approved drugs in 1983-1994 were natural
products or derived from natural products, and 60-80%
of antibacterial and anticancer drugs were derived from
natural products. Other examples of biodiversity in
current drug discovery are discussed by Harvey and
Waterman'é. They include compounds active on tumour
cells'’, as anxiolytics'® and HIV reverse transcriptase’®.
The major advantage of natural products for random
screening is the structural diversity provided by natural
products, which is greater than provided by most avail-
able combinatorial approaches based on heterocyclic
compounds. In addition, many natural products are
relatively small (>1000 Da), and they have ‘drug-like’
properties (i.e. they can be absorbed and they are metab-
olized). Bioactive natural products often occur as part of a
family of related molecules so that it is possible to isolate
a number of homologues and obtain structure-activity
information. Of course, lead compounds found from
screening of natural products can be optimized by tra-
ditional medicinal chemistry or by application of com-
binatorial approaches. Overall, when faced with mol-
ecular targets in screening assays for which there is no
information about low molecular weight leads, use of a
natural products library seems more likely to provide the
chemical diversity to yield a hit than a library of similar
numbers of compounds made by combinatorial synthesis.
Since only a small fraction of the world’s biodiversity has
been tested for biological activity, it can be assumed that
natural products will continue to offer novel leads for novel
therapeutic agents, if the natural products are available
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for screening. However, natural products are unattractive
to many drug discovery companies because of perceived
difficulties relating to the complexities of natural product
chemistry and to the access and supply of natural products.
The technical difficulties relating to isolation and struc-
tural elucidation of bioactive natural products are being
solved by contributions from many different natural prod-
uct researchers. For example, extracts can be processed be-
fore use in bioassays to remove many of the reactive com-
pounds that are likely to cause false-positive results in
assays. Fractionation of extracts that are active in a screen
can be performed rapidly using high-performance liquid
chromatography (HPLC), and fractions can be passed di-
rectly for analysis by LCMS or even nuclear magnetic reso-
nance (NMR) spectroscopy. By comparing MS data with
those from a library of known compounds, novel mol-
ecules in the extract can be distinguished from previously
identified compounds. With automated sample injection
and fraction collection, HPLC systems can readily and rap-
idly be used toisolate tens of milligrams of pure compound,
whose structure is usually resolvable by use of NMR spec-
troscopy. The entire procedure of going from an active ex-
tract to a defined molecule can be a matter of days rather
than the several months which was routine a few years ago.

With regard to accessing biodiversity from developing
countries, much of the political discussion appears to focus
on exploitation of traditional ethnobotanical knowledge,
without considering the interest in natural products for
random screening?’. It might be helpful if the two issues,
indigenous rights and random screening, could be debated
separately. However, many of the groups working on
natural products are based in universities and research
institutes throughout the world, and they are not very
familiar with or well adapted to the molecular trends in
drug discovery. Ways to improve communication between
the practitioners of molecular drug discovery and natural
products researchers would be helpful so that the chemical
diversity that exists in nature is not lost to drug discovery.
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