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Abstract

Natural products represent major approach for the discovery and development of new drugs. Phytochemicals are the
naturally occurring, biologically active compounds found in plants which have capabilities of inhibiting various diseases.
Antioxidants defend molecules from oxidation if they are attacked by free radicals. In this way prevention from many diseases and
food spoilage is possible. Almost 47 % of anticancer drugs came from the natural products.
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1. Introduction:

Thousands of years ago natural products have been

used for disease prevention and health care. Ancient
civilizations of Chinese, North Africans and Indians provide
evidence for use of the natural sources in curing various
types of diseases. The oldest known document is four
thousand years old called Sumerian clay tablet used for
various diseases [1]. Similarly mandrake was used for relief
of pain. Turmeric was used for blood clotting. Gall bladder
infections were treated by the roots of endive plants. Raw
garlic was used to treat the circulatory disorders [2]. These
old medicines are still used in many countries as the
alternative medicines. Until nineteenth century active
components were not isolated from medicinal plants [3].
In 1806 Friedrich Sertirner was a scientist who isolated
morphine from the Papaver somniferum. Then natural
products were extensively screened to obtain medicines.
Atropine was obtained from the Atropa belladonna [4].

According to modern search it was revealed by
World Health Organization that almost 80% of world’s
population depends on the traditional medicines. Almost
121 drugs used in USA in these days come from the natural
sources. From these 90 drugs come from plant sources
indirectly or directly [5]. Almost 47 % of anticancer drugs
come from the natural products. Between years from 1981
to 2006 about 100 anticancer agents were developed. From
these 25 were the derivatives of natural products, 18 were
mimics of natural products and 11 were derived from the
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natural product called pharmacophore. There were also 9
anticancer agents which were purely natural products. Thus
the natural sources are significant source of caring in the
health system [6-7].

2. Natural products:

The organic compounds which are formed by
living systems are called natural products. The major areas
of organic chemistry are synthesis, biosynthesis and
elucidation of the structures of natural products [8]. Three
major categories can be used to divide natural compounds.
In the first category there are those compounds which are
present in all cells of the organisms and play a central role in
the metabolism and reproduction in them. They are called
primary metabolites. Nucleic acids, common amino acids
and sugars are included in them. In the second category
there are polymeric materials with high molecular weights
such as lignins, cellulose and proteins made up of cellular
structures. In the third category there are those compounds
which may be present in smaller amounts. They are called
secondary metabolites [9]. The difference in primary and
secondary metabolites is that, the biological effect of
primary metabolites is exerted within the cell or organisms
body which is responsible for the production. But secondary
metabolites have their biological effect within the organisms
and also on the other organisms. Biological active
components of poisonous, commercial and medicinal plants
had been studied during development of the organic
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chemistry. Most of these are the secondary metabolites [10].
Many screening programs exist for the bioactive compounds
which led to the new drug discovery e.g. taxol for cancer
treatment. They play an ecological role in regulating
interactions between insects, microorganisms, plants and
animals. They may be attractants, pheromones, antifeedants
and defensive substances [11].

3. Natural products as phytochemicals:

The secondary metabolites of plants have been
mentioned as phytochemicals. Phytochemicals are the
naturally occurring, biologically active compounds found in
plants which have capabilities of disease inhibiting [12-13].
Phytochemicals are much effective in preventing disease
because of antioxidant effect. Antioxidants defend
molecules from oxidation if they are attacked by free
radicals. They also prevent them from reactive oxygen. In
this way prevention from many diseases and food spoilage is
possible [14-15]. Before the introduction of orthodox
medicines medicinal plants were used. Flowers, leaves,
stems, seeds, roots, bark and fruit are constituents of the
herbal medicines. Component of phytochemicals represent
medicinal value of the natural plants [16-17].
Phytochemicals perform physiological actions on human
body. Important phytochemicals are tannins, alkaloids,
phenolic compounds and flavonoids [18].

4. Microorganisms as a source of natural products:

Until the discovery penicillin, microorganisms
were not source of the potential drugs. After that large
number of the marine and terrestrial microorganisms was
screened to discover the drugs [19]. Microorganisms have
wide variety of the active substances so they led to
discovery of the antibacterial agents. Examples are
cephalosporins, acarbose and epirubicin [20].

5. Marine organisms as source of natural products:

Two active compounds were isolated first time
from the marine species. These were spongothymidine and
spongouridine derived from Carribean sponge known as
Cryptotheca crypta in 1950s [21]. The above compounds
were nucleotides and represented great potential in the form
of antiviral and anticancer agents. Discovery of these
compounds led to the extensive research for the
identification of novel drugs from the marine sources [22].
Almost 70% of earth’s surface is mainly covered by oceans.
A number of marine organisms show sedentary lifestyle. So
they synthesize complex and potent chemicals for the
purpose of their defense from the predators. These
chemicals may serve as remedies for ailments like cancer.
Example is discodermolide isolated from marine sponge [4].
Discodermia dissolute is a natural product having similar
action to paclitaxel and possesses antitumor activity. This
also have better solubility in water compared to paclitaxol.
Combination of these two drugs led to reduce the tumor
growth in various types of cancers [21-23].
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6. Animals as a source of natural products:

Animals have been a major source of the
interesting compounds which were used as drugs.
Epibatidine is obtained from skin of the Ecuadorian frog
which is poisonous. It is 10 times more effective than the
morphine [24].Toxins and venoms obtained from animals
played an important role in the curing of several diseases.
Example is Teprotide, extracted from the Brazilian viper. It
led to development of the captopril and cilazapril which
were effective against the hypertension [25].

7. Natural products as antibacterials:

The introduction of sulfonamides was exemplified
by the Prontosil which led to introduction of the synthetic
antibacterials. Its first clinical report was in 1933 which lead
to award of Nobel Prize for the Medicines in 1938 received
by Domagk [26]. In antibiotic field the active sulfanilamide
is structural analogue of the para-aminobenzoic acid. It
competitively inhibits the dihydropteroate synthase. So it
causes inhibition of the folic acid and also causes bacterial
death. Following are the examples of antibacterials [27].
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CO,H
(Clavulanic acid)[28]
8. Actinomycins, tetracyclins, erythromycines and
aminoglycosides as sources of natural products:

In 1943 aminoglycoside streptomycin  was
separated from the Streptomyces griseus. Inspite of activity
against M. tuberculosis it was also active against wide
variety of the other types of pathogenic organisms.
Additional work over next twenty years yielded more
number of the similar type of glycosidic based antibacterials
[29-30].
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(Biapenem)
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(Thienamycin)
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(Linezolid) [31]
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9. Antifungals as a source of natural products:

Fungi are the eukaryotes, number of targets where
differences between microbes and hosts are smaller as
compared to the bacteria, such as they have differences in
the primary processes of metabolism as architecture of their
membranes and cell walls [32]. A specific number of the
bacterial targets cannot show eukaryotic counterparts.
Following are the examples of antifungals [33].
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(5-fluorouracil) [34]
10. Antiparastics as a source of natural products:

Natural products represent major approach for the
discovery and development of new drugs. Use of the
medicinal plants for treatment of the parasitic diseases is
documented from earlier times [35]. Discovering natural
sources of the novel antiprotozoal extracts from the nature
remained as challenge and so the source of combinatorial
genomics and chemistry. Quinine has been used as anti-
malarial in past. Following are the examples of antiparastic

[36-37].
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(Quinine) [37]

11. Classes of natural products

There are following classes of secondary metabolites [38],
[39]

Polyketides and fatty acids

Terpenoids and steroids
Phenylpropanoids

Alkaloids

Specialized amino acids and peptides [38]
e Carbohydrates

e Flavonoids

Polyketides are the secondary metabolites having a
large number of structures and few of them are veterinary or
medicinal agents. Tetracyclines and erythromycin are
examples of antibiotics. Daunorubicin is example of anti-
cancer and avermectin is example of anti-helminthic [40].
Polyketides are formed due to stepwise condensation of the
acetate units. Alternate C atoms are present in the resultant
C chain due to CH; and COOH groups of acetate. In fatty
acids reduction of COOH group of acetate units occur
during course of chain assembly [41]. Unsaturated fatty
acids can be obtained subsequently by oxidative processes
and dehydrogenation. Oxygenation occurs on alternate
carbon atoms in these compounds [42]. Fatty acids are
present in fats in the form of free acids and mostly in
combined form as alcohols with esters such as cholesterol
and glycerol. Mostly even number of carbon atoms is
present in fatty acids, typically Ci, to Cy [43]. These are
linked together by a straight chain and maximum four
double bonds may be present in a chain. The double bonds
are non-conjugated and show cis geometry. Plants contain
corresponding alcohols and fatty acids in their seed coating
and leaf waxes [44]. Differences between fatty acid and
polyketides biosynthesis are due to different types and
numbers of the acyl precursors, position, pattern of
cyclization of products and extent of the keto-group
reductions. So polyketide and fatty acid biosynthesis are
related mechanistically and precursor molecules used in
their biosynthesis are same [45-46]. Polyketides are found in
plants, fungi, bacteria and include important clinical drugs
like daunorubicin, tetracycline, erythromycin, and lovastatin
and rapamycin. Biologically unparallel activities are
included in modern search of polyketide which are
commercially useful for modern drug discovery [47].
Secondly mechanism, catalytic reactivity and extraordinary
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structure of polyketides provide an opportunity for the
investigation of enzyme catalysis mechanism, protein—
protein interaction and molecular recognition. Thirdly
amenability and remarkable versatility of polyketides that
allow generation of the novel compounds [48-49].
Terpenoids are natural products derived from
isoprene units having five carbon atoms. The structutes of
most terpenoids are multi cyclic having difference of
functional groups. The carbon skeletons of terpenoids also
differ from one another [50]. These are natural lipids which
may be found in each class of the living things. This is the
reason that they are considered as largest group of the
natural products. Most terpenoids have been commercially
interesting due to their use as fragrances and flavours in
cosmetics and foods. The examples are sclareol and
menthol. They are important due to quality of the
agricultural products like fragrance of the flowers and
flavour of the fruits. Terpenes are widely spread in the
nature especially in those plants having essential oils as
constituents. They are formed of hydrogen idoprene, CH,=C
(CH3)-CH=CH, [51]. Hemiterpenoids contain single type of
isoprene unit. Single type of hemiterpene is isoprene but
derivatives of the isoprene containing oxygen such as prenol
and isovaleric acid is also included in hemiterpenoids [52].
Monoterpenoids consist of two units of isoprene. Related
monoterpenoids can be produced by biochemical changes of
monoterpenes like rearrangement or oxidation. Acyclic or
cyclic monoterpenes may be present in monoterpenoids.
Examples are eucalyptol, geranyl pyropho- sphate,
limonene, pinene, citral and camphor [53].  Sesquiterpenes
consist of three units of isoprene. Examples of acyclic
sesquiterpenes are fernesol, artemisinin, oil of flowers and
bisabolol. The examples of cyclic sesquiterpene are
eudesmol which is present in the eucalyptus oil [54-55].
Diterpenes consist of four units of isoprene. They are
derived from the geranylgeranyl pyrophosphate. Examples
of diterpenes are kahweol, cembrene, cafestol and taxadiene.
Diterpenes are used as base for biologically active
compounds such as phytol, retinol and retinal [56].
Triterpenes have six units of isoprene from these squalene
and lanosterol are found in olives and wheat germ [57].
Alkaloids are also a major class of natural products.
The constituents of alkaloids are nitrogen atoms in
heterocyclic form. The nature of alkaloid constituents is
basic. That’s why the name of alkaloids is derived from
“alkaline” as it is used to explain the base containing
nitrogen [58]. Alkaloids are present naturally in organisms
including plants, animals, fungi and bacteria. In research
work of 19" century, medicinal plants were studied to
isolate the natural products. It was seen that alkaloids were
obtained from these plants which contained nitrogen bases
[59]. These were also called vegetable alkalies and were
used as stimulants and local anesthetics. Almost all alkaloids
show bitter taste and quinine is bitterest one. Alkaloids are
very numerous among natural products and have a wide
variety of structures that their classification is difficult. So
they are classified in families on the basis of hetero cyclic
rings. Nomenclature of the alkaloids is not systematized.
That’s why the names of alkaloids are derived from plant
names or from their physiological activities. Following are
classes of the alkaloids on the basis of ring system [60].
Pyrrolidine alkaloids have tetrahydropyrrole ring system.
The example is hygrine present in Erythroxylum of the coca
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leaves [61]. Pyridine alkaloids contain hexahydropyridine
ring system. The examples are piperine, coniine and
isopelletierine [62]. Pyrrolidine pyridine alkaloids contain
heterocyclic ring systems. This ring system is called
Pyrrolidinepyridine. The examples are nicotine alkaloid and
myosmine present in Nicotiana tabacum [63]. Pyridine
piperdine alkaloids have ring system of pyridine. The
pyridine rings join to form piperidine ring system. Simplest
member of pyridine piperdine is anabasine alkaloid which is
isolated from poisonous plant called anabasis aphyllan [64].
Quinoline alkaloids have ring system of quinolone which is
heterocyclic. The example is quinine present in bark of the
cinchona tree. It has long been used as medicine for the
malaria treatment. Now a day’s synthetic drug primaquinine
have replaced quinine because it can also be used as
antimalarial. Isoquinoline alkaloids have ring system of
isoquinoline which is heterocylic. Examples are opium
alkaloids such as papaverine, narcoti morphine, heroine and
codeine [65].

12. Roles of amino acids in immune function:

Among amino acids alanine is the major substrate
to synthesize glucose which is significant substrate of
energy for the leucocyte. Alanine also influences the
immune function. Now days some information is accessible
regarding to effects of the dietary supplementation along
with alanine on immune responses in animal species. In
patients with the total parenteral nutrition, addition of
alanine might be beneficial for leucocyte metabolism and
supporting gluconeogenesis [66].

13. Arginine, ornithine and citrulline:

Arginine is an amino acid which is synthesised by
citrulline as immediate precursor and is present virtually in
all types of cells. Citrulline is another amino acid which is
synthesized in small intestine of mammals but ferrets and
cats cannot synthesize them in their small intestine.
Citrulline is synthesized by proline, glutamine and
glutamate. Arginine must be provided from diet for
supporting the nitrogen balance. It also promotes health of
humans and animals. Because of depolarization of
membrane coupled with transport of amino acid with
positive charge, arginine is the effective secretagogue for
growth hormone, insulin and prolactin [67].

14. Imbalance in the antioxidant defence and natural
antioxidant therapy:

Modern search has revealed that genetic and
multiple acquired factors may alter the homeostatic balance
in body and favour multiple types of diseases. The solution
of this problem is that homeostatic balance must be restored.
Majority of disorders are due to imbalance between anti-
oxidant and pro-oxidant homeostatic phenomenon in body.
If free radicals are more in body then pro-oxidant conditions
are dominated. Free radicals are produced due to respiration
and immune functions in body. Other reasons are smoke,
pollution, radiations etc. The protective antioxidants in body
fight against free radicals [68]. A homeostatic balance is
established between oxidants and antioxidant defence.
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(1]

[2]

(3]

[4]

Enzymztic and non-enzymatic agents also effect the
antioxidant defense [69].

15. Screening of the bioactive compounds:

The basic scheme shows the work flow which can
be used for screening of natural products obtained from
marine sources including natural marine resources, green
extraction techniques, functional characterization, chemical
characterization, different extraction methods, bioactivity in-
vitro assays and advanced analytical methods [70].

16. Functional Foods and nutraceuticals:

Functional foods having active components, from
animal or plant sources enhance health. Functional foods do
not behave magic bullet for the poor habits of health [71].
Increasing consumption of the vegetables, fruits and grains
is a strategy for the consumers. It optimizes their health
while reducing risk of the chronic diseases. So use of the
functional foods, nutraceuticals and dietary supplements is
going to increase. However it is important to obtain more
information for health benefits and the possible risks for
ensuring the safety and efficacy of the dietary supplements.
It is to improve health by increasing nutrient requirements
for disease prevention. It must be believed that evidences
suggest antioxidants as best obtained from food
consumption as compared to a pill [72].

17. Conclusions:

A careful review of previous studies revealed
presence of the medicinally important components in
various living organisms. A number of evidences obtained
from earlier studies confirmed and identified the
phytochemicals as bioactive compounds. Studies confirmed
that presence of the phytochemicals contribute to
physiological and medicinal properties of plants for
treatment of the different ailments. That’s why extracts
obtained from such plants may be seen as a good source for
the useful drugs. Traditional medicinal practice must be
recommended for such plants as it may be suggested that
more work may purify, charaterize and isolate active
constituents which are responsible for activity of such
plants. Additional work must be encouraged for the
elucidation of possible mechanisms of actions of such
extracts [73].
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