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Abstract- Natural products isolated from plants, animals and microorganisms have made an important impact on curing the dreadful human
diseases for example taxol, vinca alkaloids (vincristine and vinblastine), podophyllotoxin derivatives (etoposide, teniposide), camptothecin
derivatives (topotecan and irinotecan) for cancer treatment; quinine and artemisinin for malaria treatment, captopril for hypertension treat-
ment, premarin for induction of ovulation, pencillins, streptomycins, tetracyclines for the treatment of bacterial infections, Limitations to the
wider therapeutic use of these natural products are: limited supply of the drugs from the natural sources, low yields, slow growth and sparse-
ly distribution of the species, and commercially not viable total synthetic methods. For example Artemisnin isolated from the dried leaves and
influorescences of Artemisia annua is the only drug for the treatment of malaria caused by the chloriquine resistant Plasmodium falciparum.
The plant has lengthy growing cycle (12-18 months) to produce Artemisinin. The yield of Artemisnin could be around 5 Kg per 1000 Kg of
dry leaves, which were produced from 1 ha of A. annua plantation. In 2004 an estimated 4700 ha Artmesia was grown all over the world. An
estimated 17,000 ha are required to produce enough Artemisinin to manufacture 100 million adult treatments for year, where as the projec-
tion of global demand is 400 million ACT treatment per year. Similar problem exist with anticancer drug Taxol, which was produced by the
Pacific Yew tree (Taxus brevifolia) and related Yew species. It takes roughly three trees to obtain a gram of pure Taxol and stripping the tree
of it's bark, where most of the taxol is found, kills the Yew. The bark required to yield 1 kg of taxol is about 7000 kg. Although total synthesis
of Taxol was achieved chemically using more than twenty steps and ended up with mg of synthetic Taxol and it is economically not at all
viable. It is therefore essential to explore the alternative approaches and also to understand the biosynthesis of natural products. During the
latter half of the twentieth century, investigations of biosynthetic pathways progressed from purely hypothetical speculation to studies of
isotopically labelled precursors by whole cells or partially purified enzymes. To a lesser extent, these studies were complemented by the
preparation of random mutants of fungi and actinomycetes and the identification of accumulated intermediates and shunt metabolites. Re-
cent developments in the biotechnology, genetic engineering, synthetic biology (biosynthetic pathways, gene cluster identification, cloning of
genes, recombinant DNA techniques, c-DNA) techniques, tissue culture and endophytes used in the production of important life saving
drugs such as artemisnin, taxol, and other natural products including bioactive compounds in the form of neutraceuticals and dietary supple-
ments will be discussed.
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Introduction

Indian medicinal system has a long history, and one of the oldest
organized systems of medicine. It is mainly influenced by Ayurve-
da, Siddha, Unani and Homeopathy. These systems used natural
products such as plant, terrestrial and marine animals, microor-
ganisms derived preparations to cure the dreadful diseases. It

was not until the early 1800’s that the active principles from plants
were isolated.

The history of natural products as anticancer agents has been
started with discovery of podophyllotoxin from the Podophyllum
pelltatum. Two derivatives of podophyllotoxin named etoposide
and teniposide are in the market [1]. These compounds arrest cell
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growth by inhibiting DNA topo-isomerase I, which causes double
strand breaks in DNA. The plant Catharanthus roseus provided
two vinca alkaloids i.e vincristine and vinblastine for the treatment
of cancer [2]. Camptothecin (CPT) is a cytotoxic quinoline alkaloid
which inhibits the DNA enzyme topoisomerase | (topo I). It was
discovered in 1966 by M. E. Wall and M. C. Wani in systematic
screening of natural products for anticancer drugs. It was isolated
from the bark and stem of Camptotheca acuminata, a tree native
in China. Two CPT analogues have been approved and are used
in cancer chemotherapy today, topotecan and irinotecan [3].
Paclitaxel (taxol) isolated from the needles and bark of Taxus
brevefolia is used in the treatment of lung, ovarian, and breast
cancer [4].
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Microorganisms played a very important role in the human health
system by controlling various kinds of infections. The serendipi-
tous discovery of Pencillin from the Pencillium notatum (fugus) by
Alexander Fleming was the breakthrough, which opened the ways
to carryout research work on the microorganism (bacteria and
fungus) [5]. Subsequent work on this area lead to identify several
antibiotics such as streptomycin [6], erythromycin [7], tetrcyclines
[8] etc.
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Certain animal (marine and terrestrial) derived compounds also
played a very important role in the drug discovery. Premarin a
derivative of estrogen isolated from the mare urine has been used
to induce ovulation and hormone replacement therapy in human
being [9]. Insulin [10] and heparin [11] isolated from the animals
(porcine or bovine) have been used for antidiabetic and anticoagu-
lating agents respectively. Eptifibatide is a cyclic heptapeptide
derived from a protein found in the venom of the south-eastern
pygmy rattlesnake [12]. Eptifibatide (Integrilin) is an antiplatelet

drug that selectively blocks the platelet glycoprotein Ilb/llla recep-
tor. Captopril a peptide isolated from the pit viper (Bothrops ja-
raraca) venom [13]. Captopril is an angiotensin-converting enzyme
inhibitor (ACE inhibitor) used for the treatment of hypertension and
some types of congestive heart failures. A systematic research on
marine animals began around 50 years back, which resulted in
discovering three marine drugs such as Conus toxin (Prialt) from
the Conus magus (Conus snail) approved for the chronic pain [14],
ET 743 (Yondelis) [15] from the ascidian (Ecteinascidia turbinate)
for cancer and pseudoptorosin A [16] from the gorgonian
(Pseudopterogorgia elisabethae) for antiinflammation.
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Natural products not only served as drugs to treat various human
ailments, they also played a very important role as template to
develop synthetic drugs. For example quinine [17] isolated from
the bark of Cinchona (Cinchona officinalis) was the only drug to
cure the malarial fevers before world wars. Bayers laboratory de-
veloped the antimalarial agent Chloroquine [18] on the basis of
structural information obtained from quinine, which was introduced
into market in the year 1947. Resistance has been emerged re-
cently for chloroquine and it is no more effective to curing malaria
in few patients. Nature has provided another antimalarial agent to
solve this problem. The Chinese group developed artemisinin from
the leaves and inflorescence of Artemisia annua [19]. Artemisinin
is a sesquiterpene lactone containing an unusual peroxide bridge,
which is believed to be responsible for the antimalarial activity.
The plant has lengthy growing cycle (12-18 months) to produce
artemisinin. The yield of artemisnin could be around 5 Kg per 1000
Kg of dry leaves, which were produced from 1 ha of A. annua
plantation. In 2004 an estimated 4700 ha Artmesia was grown all
over the world. An estimated 17,000 ha are required to produce
enough artemisinin to manufacture 100 million adult treatments for
year, whereas the projection of global demand is 400 million ACT
treatment per year. Similar problem exist with anticancer drug
taxol, which was produced by the Pacific Yew tree (Taxus brevifo-
lia) and related Yew species. It takes roughly three trees to obtain
a gram of pure taxol and stripping the bark, where most of the
taxol is found, kills the Yew. The bark required to yield 1 kg of
taxol is about 7000 kg. Although total synthesis of taxol was
achieved chemically using more than twenty steps and ended up
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with mg of synthetic taxol and it is economically not at all viable
[20]. The synthetic artemisinin has also been achieved in the la-
boratory, however it is also not economically viable [21]. Since the
pharmacopore is well defined as peroxide in the artemisinin sever-
al research groups all over the world are engaged to develop sim-
plified compound with peroxide skeleton. As a result a novel syn-
thetic peroxide antimalarial drug candidate, 0Z439[22] has suc-
cessfully completed Phase 1 clinical trials where it was shown to
be safe developed by Medicines for Malaria Venture (MMV) in
partnership with three academic institutes: University of Nebraska
Medical Center, USA, Monash University, Victoria, Australia, and
the Swiss Tropical and Public Health Institute.
. .

Quinine Chlorogquine Artemisin 0z439

It is therefore essential to explore the alternative approaches and
also to understand the biosynthesis of natural products. During the
latter half of the twentieth century, investigations of biosynthetic
pathways progressed from purely hypothetical speculation to stud-
ies of isotopically labelled precursors by whole cells or partially
purified enzymes. To a lesser extent, these studies were comple-
mented by the preparation of mutants of fungi and actinomycetes
and the identification of accumulated intermediates and metabo-
lites. Recent developments in the biotechnology, genetic engi-
neering, synthetic biology (biosynthetic pathways, gene cluster
identification, cloning of genes, recombinant DNA, c-DNA) tech-
niques, tissue culture used in the production of important
therauputic drugs such as artemisnin, taxol, and other natural
products. In 2006, a team from UC Berkeley reported that they
had engineered Saccharomyces cerevisiae yeast to produce the
precursor artemisinic acid. The synthesized artemisinic acid can
then be transported out, purified and chemically converted into
artemisinin that they claim will cost roughly 0.25 cents per dose. In
this effort of synthetic biology, a modified mevalonate pathway
was used, and the yeast cells were engineered to express the
enzyme amorphadiene synthase and a cytochrome P450
monooxygenase (CYP71AV1), both from A. annua. A three-step
oxidation of amorpha-4,11-diene gives the resulting artemisinic
acid. Amyris Inc. collaborated with UC Berkeley and the Institute
for One World Health to further develop this technology. The col-
laboration, known as the Artemisinin Project, is supported by fund-
ing from the Bill & Melinda Gates Foundation, and aims to create
a source of nonseasonal, high-quality and affordable artemisinin
to supplement the botanical supply [23]. Few research groups are
also exploring to produce these life saving drugs from the endo-
phytes.

Natural products also currently playing a very important role in the
neutracetucal industry. The ingredients we use in our daily food
have got immense medicinal importance. For example in Indian
population we use onions, garlic, ginger, turmeric in the prepara-
tion of curries and other food preparations. Thanks to our ances-
tors and ayurveda system for providing healthcare system for us.
Recent studies on onions indicated its beneficial effect in cough,
cold, asthma, bronchitis, cancers etc. The WHO supports the use

of onion for these disease. Onions (Allium cepa) are rich source
for sulphur containing compounds and quercetin- both being
strong antioxidants. These compounds have a variety of health-
functional properties, including anticancer and antimicrobial activi-
ties. Garlic (Allium sativum) also a very rich source of sulphur
compounds. Allicin is an organosulfur compound obtained from
garlic. Several animal studies published indicate that allicin may
reduce atherosclerosis and fat deposition, normalize the lipopro-
tein balance, decrease blood pressure, have anti-thrombotic and
anti-inflammatory activities, and function as an antioxidant to
some extent. Gingerol is one of the active constituents of ginger
(Zingiber officinale) has been investigated for its effect on various
cancerous tissues. Gingerol seems to be effective in an animal
model of rheumatoid arthritis. Turmeric (Curcuma longa) is a rhi-
zomatous herbaceous perennial plant of the ginger family, Zingi-
beraceae. In vitro and animal studies have proven that curcumin
has antitumor, antioxidant, antiarthritic, antiamyloid, anti-ischemic,
and anti-inflammatory properties. In addition it may be effective in
treating malaria, prevention of cervical cancer, and may interfere
with the replication of the human immunodeficiency virus (HIV).
Dietary piperine obtained from the black pepper (Piper nigrum) by
favorably stimulating the digestive enzymes of pancreas, enhanc-
es the digestive capacity and significantly reduces the gastrointes-
tinal food transit time. Piperine has been demonstrated in in vitro
studies to protect against oxidative damage by inhibiting or
quenching free radicals and reactive oxygen species. Black pep-
per or piperine treatment has also been evidenced to lower lipid
peroxidation in vivo and beneficially influence cellular thiol status,
antioxidant molecules and antioxidant enzymes in a number of
experimental situations of oxidative stress. Capsaicin isolated
from the fruits of Capsicum frutescens (red chilly) is used in dia-
betic neuropathy. Capsaicin affects all the small unmyelinated
nerve endings in the nervous system of animals. Research also
showed that capsaicin lowers the blood glucose in antidiabetic
studies.

The Key to Conquering
Malaria: Artemisinin

Moving the biosynthesis path-
way from Artemisia annua to
yeast and E. coli promises to
cut the drug’s cost by >90%.

Jay Keasling

The spices, vegetables, nuts and fruits consumed by Indian popu-
lation all have some or other medicinal importance. The western
world has realized the importance of Indian medicinal system and
currently introducing into their medicinal system. The FDA of Unit-
ed States relaxed norms to promote the usage of these products
in the form of nutraceuticals. Nutraceutical (nutrition and pharma-
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ceutical) is a food or food product that provides health and medi-
cal benefits, and in the prevention disease. Nearly two-thirds of
the American population takes at least one type of nutraceutical
health product. The use of nutraceuticals is believed to be an
attempt to get the desirable therapeutic effect with reduced side
effects as compared with other allopathic drugs. The nutraceutical
industry in the US is about $86 billion. This figure is slightly higher
in Europe and, in Japan. 47% of the Japanese population con-
sume nutraceuticals.

Several herbal companies in India making the herbal crude ex-
tracts and fractions from the spices, vegetables, nuts, fruits and
medicinal plants and exporting to Europe and America as dietary
supplements. A dietary supplement is a product that contains
nutrients derived from food products that are concentrated in lig-
uid or capsule form. A dietary supplement is a product taken by
mouth that contains a "dietary ingredient" intended to supplement
the diet. The dietary ingredients include: vitamins, minerals, herbs
or other botanicals, amino acids, and substances such as en-
zymes, organ tissues, glandulars, and metabolites. Dietary sup-
plements can also be extracts or fractions of plants or animals or
microorganisms, and may be found in many forms such as tab-
lets, capsules, soft-gels, liquids, or powders. Dietary supplements
do not have to be approved by the U.S. Food and Drug Admin-
istration (FDA) before marketing. Although supplements claim to
provide health benefits, products usually include a label that says:
“These statements have not been evaluated by the Food and
Drug Administration. This product is not intended to diagnose,
treat, cure, or prevent any disease.”

Conclusion

In conclusion natural products obtained from the plants, animals,
microorganisms played a very important role in medicinal systems
of various civilizations all over the globe. The natural products not
only served as drugs and also templates to develop several syn-
thetic drugs. The limitations such as scarcity of material, yield of
compound and uneconomical synthetic drugs led to identify the
alternative methods. As a result focus has been shifted on bio-
technology tools, genetic engineering and synthetic biology to
produce the bioactive compounds from engineered microorgan-
isms. The Western world has realized the importance of Indian
medicinal system consequently the global demand for natural
products in the form neutraceuticals, dietary supplements and

functional foods is growing up all over the world, which is good
sign for Indian herbal industry.
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