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Abstract

Plants have always been an indispensable part of human life since the beginning of human civilisation. Withania somnifera (L.)
DUNAL, popularly known as Wintercherry or Indian Ginseng, is widely considered as Ashwagandha. In Ayurveda, it is classified as a
Rasayana (rejuvenation) and projected to promote mental and physical health, rejuvenate the body in debilitated conditions and increase
longevity. Due to its beneficial chemical constituents, the herb possesses a broad spectrum of biological activities and is used to treat a
variety of diseases affecting human health. These include Cardioprotective activity, Anti-cancer activity, Immunomodulatory activity,
Neuroprotective activity, Antimicrobial activity, Anti-stress activity,Anti-diabetic activity and Anti-inflammatory activity. The present
review discusses the pharmacological importance of Withania somnifera and its important constituents.
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Introduction

Nature gifted us an extensively diverse repertoire of plants
(~250,000). Plants have tremendous importance in all life
present in the planet earth. They produce oxygen, maintains
water cycle, store carbon, serves as a source of food, habitat and
medicine ™ @ B} Since time immemorial human civilization
gained the information related to the usage of medicinal plants
comes as a source of drugs evolved from many years of struggles
against illnesses by which human evolved to pursue drugs in
parts of the plants ! The oldest written records about the
usage of medicinal plants as medicine was found to 5000 years
back in India (Nagpur) in Sumerian clay slab which described
the prescription for preparation of formulations from 250 plants
such as poppy, mandrake and henbane © [ Ayurveda is
considered as oldest traditional system of medicine, it applies
experimental, experiential and philosophical approach B It is
based on the concept that the whole universe is constituted by
integration of the five mother elements also called as “pancha-
mahabhutas” (vayu (air), akasha (ether), teja (fire), aap (water)
and prithvi (earth)) and are coded in living beings as three vital
forces known as vata, kapha and pitta and the interplay and
imbalances between these forces generates symptom of disease
in a living being ' Ancient holy books Vedas which were
considered as oldest sacred text contained plant based therapies
which were used in ancient times in India. Nutmeg, pepper,
clove, coriander etc were described in the texts which were in
use in that time as both spices and medicines *° Arabians were
the founder of traditional Unani system of medicine in their
region and introduced various plants for medicine purpose
mostly from India. They used mainly plants such as henbane,
ggr]lger, aloe, euphorbia, pepper, curcuma and saffron etc. [ 12

Due to high cost, side effects, development of
resistance in microbes against drugs and lack of curative
treatment for chronic diseases scientific interest is renewed in
complementary and alternative system of medicines 1%
Ayurveda and Traditional Chinese system of medicine is
continuously gaining interest worldwide. As a result more than
1500 herbal preparations were sold in United States under
dietary supplements category. Now a day, worldwide
approximately one quarter of the total drugs in total usage
originated from plants. Two hundred and fifty-two basic and

essential drugs were prescribed by the World Health
Organization (WHO), 11% comes from plant or plant based
derivatives % 4 Plants served as an important resource of
pharmaceutically active biomolecules. Drug synthesis is based
on the availability of these pharmaceutical molecules. There are
a series of drugs currently in use derived from plants examples
including digoxigenin (Digitalis spp.), vinblastine and
vincristrine (Catharanthus roseus), atropine (Atropa belladonna)
quinidine and quinine (Cinchona spp.), codeine and morphine
(Papaver somniferum) etc. Some compounds of the plant can be
synthesised chemically (vincristine) but some cannot be
reproduced by synthetic methods (digitoxin) ¥ °!. Plants are
not directly used for the production of pharmaceuticals but they
provide “lead molecules” or “target molecules’® on which
synthesis of a future drug is based. Now a day’s plants are
gaining worldwide popularity for cost effective large scale
production of recombinant proteins. Candidate vaccines can be
expressed in edible organ of banana to mediate its unprocessed
administration in the body ™% More than 100 recombinant
proteins have in production in different species of plants
examples include the production of rabies vaccine in tomato,
rotavirus VVP6 capsid protein in potatoes, recombinant avidin, -
glucuronidase, laccase, trypsin and aprotinin, production in
maize 17

In addition to major primary metabolites such as lipids,
carbohydrates, amino acids and nucleotides, etc plant also
synthesize an array of low molecular weight secondary
metabolites. Plant secondary metabolites are those metabolites
which have no fundamental role in processes of development
and growth of a plant but are needed for survival and adaptations
of plants 8 [ Secondary metabolites are the derivatives of
primary metabolism and commonly called as secondary
metabolites, secondary products or natural products. These
organic products have no direct role in plant development but
believed to be involved in protecting plants against attack by
herbivores, micro-organisms and pests; also they have roles in
attracting insects for pollination ! 2! They also help to adapt
plant against various abiotic stresses like drought, flood and
cold. The release of these compounds in plants is very low as < 1
percent of the total dry weight and majorly based on interaction
of plants to environment or a particular stress 2 They
accumulate in vacuoles or specific plant cells or organs.
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Approximately more than two hundred thousand secondary
metabolites possess unique complex structures with most of
them possessing building blocks of acetate C2-unit in
polyketides, derived C9-unit of phenylpropanoids derived from
phenylalanine /tyrosine and the isopentenyl diphosphate C5-unit.
Various important secondary metabolite compounds were
synthesized naturally by plants P4 These includes
include plant volatiles, sterols and carotenoids etc.), phenolics
(lignin, phenolic acids, tannins, flavonoids) and N,-bearing
compounds such as alkaloids alkaloids 15 (28} (211 [24]

The winter cherry plant or Withania somnifera (Fig
1.) which is also known as Ashwagandha (indicating the odor
of horse from roots) possess extensive medicinal value and have
been used in ancient systems of medicine like Ayurveda, Siddha
and Unani 7 Earliest description of this plant was found in
“Rig-Veda” which was defined as the oldest sacred text (28]
Other than India this plant is widely distributed in Africa, Asia,
Middle East and Mediterranean region of the world (Fig 2.).

The plant is an erect, evergreen and perennial, grows with
optimal temperature range of 20-32 °C with 500-750 mm
rainfall as optimal. Leaves and Roots of this plant are mainly
used in herbal formulations B Ashwagandha is also known as
Indian Ginseng, Winter cherry and Common Indian names
includes: Asgandh in Hindi, Asgundh, Kanchuki, Askandha in
Gujrati, Ashvagandha, Balada, Gandhpatri, Kamrupini, Vajini in
Sanskrit, Ashvagandh in Bengali, Asgand in Punjabi,
Asuragandi in Tamil, Asvagandhi, Penneru in Telgu and
Asgandanagaori in Urdu B Due to its immense importance in
Ayurveda W. somnifera is also known as “Rasayana” which

Plant Profile

Kingdom - Plantae
Subkingdom - Tracheobionta
Superdivision - Spermatophyta

Division - Magnoliophyta
Class - Magnoliopsida
Subclass - Rosidae
Order - Solanales
Family - Solanaceae
Genus - Withania
Species - somnifera

Botanical description and climatic conditions

for growth

Late rainy season is the best season for the growth of Withania
somnifera. This crop is regarded as a kharif crop. Dry region
area with approximately 500 to 750 mm rainfall is suitable for
cultivation of Withania somnifera. Relatively dry season is the
suitable for the proper growth of this crop *® Temperature range

metabolites have been reported from plants 2% These
pharmaceuticals  (atropine, digoxin, taxol, vinblastine,
vincristine, morphine, artemisinin etc), some industrially
important biochemicals and free chemicals like physostigmine,
yohimbine, colchicines and phorbol esters, muscarine,
cannabinoids, forskolin, colchicines etc ! 281 Secondary
metabolites are grouped under three classes: terpenes (which
means that it possess rejuvenating properties. Withania
somnifera is one of the most important medicinal plants and is
also known as ashwagandha, winter cherry and Indian ginseng
B2 1t is one of the most prestigious medicinal plant and
important herb in the Ayurveda and indigenous medical systems
for over past 3000 years. The roots of this plant plays a very
important role due to this reason it is categorized under the group
rasyanas i.e., the tonics which are helps to increase health ,
vigor and longevity of an organism by enhancing the defense
mechanisms to fight against infectious diseases ! .This herbs
have other effects such as revitalization of the body under
debilitated conditions, increasing the immunity of the individual
and development of resistance against adverse environmental
conditions .The genus Withania consists of 23 species,
numerous of which are distributed in the east Mediterranean
region and South Asia and especially occurred in India B
Withania somnifera is the most important, commonly and widely
used medicinal species in this genus. Group of unique steroidal
lactones present in few species of Withania, and they also consist
of highest amount of withanolides B This species posses
highest medicinal value due to the presence of important
metabolites. Withania somnifera is used for the treatment of
various ailments [} (561. [37)

of 21 to 38°C is optimum for growth of this plant. Withania
somnifera is a small herbaceous and woody in appearance of
approximately two feet in height. Leaves of the plant has shiny
and smooth in appearance and floral region are smaller and
opposite .The berries of the plant are globose and small, red in
colour after maturation (Fig 1.) B
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Fig.1. Withania somnifera- The Indian Ginseng

Fig. 2 Geographical distribution of W. somnifera

and various sitoindosides have been extracted from aerial parts,
berries and roots of Withania plant. The priority chemical

V%.I;:]emlcal C.?nSt.ItuentS d of vari di f constituents of these plants are withanolides mostly found in
hl a_n|e|1 somnlt.e;ra Its comﬁ)ose to v_anmljc's |ve(s£ie grct)ups: dol leaves and root (Fig 3.?. The chemical constituents were
chemicals constituents such as, tannins, flavonoids, steroida described in the table (S1.)(33 K0!

lactones alkaloids, etc. More than 12 alkaloids, 40 withanolides

Withanol

Withanol

Withanol

Fig 3. Structures of some important withanolides
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Biosynthesis of withanolides

Withanolide biogenesis and accumulation is limited to
specific genera of Solanaceae family, among them Withania
shows maximum production of withanolide in more than 200
diversified forms, with or without functional groups. The
biosynthetic pathway of withanolides, their function in W.
somnifera and metabolic steps leading to their glyco-
transformation are unknown [ However, it has been
demonstrated that precursor molecules governing withanolide
biosynthesis could be isoprenoids. Isoprenoids produced during
isoprenogenesis, is governed by 2 independent pathways; the

cycloartenol is formed by the activity of cycloartenol synthase
and then series of methylation, oxidation, reduction,
demethylation reaction precede the synthesis of 24-methylene
cholesterol. After biosynthesis of 24-methylene cholesterol,
specific enzymes like CyP450s and glucosyltransferases play
role in secondary conversion with respect to transfer of different
moieties or redox reactions leading to biosynthesis of specific
withanolides in tissue-specific manner 143 44

classical cytosolic mevalonate (MVA) pathway, which
ultimately leads to biosynthesis of 24-methylene cholesterol ¥
It was proved that the biosynthetic pathway upstream
of 2,3-oxidosqualene is combination of classical mevalonate
pathway (MVA) in cytosol and non mevalonate or deoxy
xylulose pathway (DOXP) in plastids are involved in the
biosynthesis of Withanolides. Mevalonate pathway starts from
Acetyl Co-A that form mevalonic acid after some chemical
reaction and this mevalonic acid is converted into isopentenyl
pyrophosphate (IPP) through the loss of one carbon atom while
DOXP pathway starts with the combination of pyruvate and
glyceraldehydes 2 After the formation of 2, 3 oxidosqualene,

Pharmacological activities of W. somnifera

W. somnifera is one of the most important plant of Ayurveda and
several pharmacological activities are reported from its
molecules, extracts, plant parts and preparations “* Reports
suggested that not only the raw material but also extracts and
isolated fractions of the plants possess a wide spectrum of
pharmaceutical activities (Fig 4.). The pharmacological potential
of this herb makes it a suitable candidate plant to be used in drug
development and hereby it is documented as an official drug in
Indian Pharmacopoeia “*

Antistress

Withania somnifera : Medicinal activities

.\nﬁ-lschemit & Anti-Hypoxic

Withania somnifera

Antiproliferative

L Antiabheimer's 2

epa(oprotectire

intioxidant

‘Immusomodulstory

Fig 4 . Pharmacological properties of W. somnifera

Anti-inflammatory properties

Various studies had proven that W. somnifera possess a strong
anti-inflammatory activity. The leaf extracts of W. somnifera
showed to reduce implant induced inflammation in model
animals M8 Root extracts were also reported to reduce the
inflammation caused by trinitro benzyl sulfonic Acid (TNBS)
47} \ery potent activity was recorded when the root powder
(upto 600mg kg ) was tested against collagen induced arthritic
rats 8 Alcoholic leaf extracts were tested against acute and sub
acute inflammation in rats and the activity of the extract was
found to be comparable with drug phenylbutazone 1 The effect
of root powder of W. somnifera was found to be effective on
gouty arthiritis without causing any ?astric damage, when tested
against standard drug indomethacin % In Ashwagandha leaves
treated animals, inhibition of reactive gliosis, inflammatory

cytokines production and expression of nitro-oxidative stress
enzymes showed that active phytochemicals from the plant
might come out as suitable candidates for neuro-inflammation
associated with various neuropathologies Y The root extract of
W. somnifera has also shown to reduce pro-inflammatory
cytokine levels and increase in cancerous cell death that might
lowered the progression of cancer and cachexia. W. somnifera
root extract may therefore be effective in cancer cachexia 2
The plant can also be used as a dietary supplement for treatment
of sleep deprivation (SD) induced stress and associated
functional impairments 3!

Anti-cancer properties

Studies from the experiments on animal system and cell culture
revealed that W. somnifera plant extracts also have anti
cancerous properties. In addition to having therapeutic potential
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against cancer it also have cancer preventive properties 4
Different parts of this plant especially the root system have been
proved to be effective against various kinds of cancers [ [5¢]
due to the presence of unique phytochemical. The active
principles of roots are withanolides such as withaferin A along
with withanone, withanolide D and withanosides are found to be
effective against cancer cell lines ! In comparison to ovary and
lungs cancer the leaf extract was more effectual against breast
cancer 8 In addition to having anti cancer properties, this
report also suggested the ability of W. somnifera, to recover from
fatigue induced by cancer, in cancer patients which may be
helpful for improvement of their life expectancies. The root
extract of this plant is found to be effective against cervical
cancer ™ Ingredients of W. somnifera activate apoptosis in
inhibited delayed type hypersensitivity model (Balb/c) mice &
The extracts have anti-allergic properties when tested in IgE-
mediated anaphylactic immuno-inflammatory system B4 w.
somnifera root powder possessed immunosuppressive properties
and it is reported to be a potent inhibitor of complement system,
delayed-type hypersensitivity and lymphocyte proliferation.
Thus it can be used to create a candidate immunosuppressive
drug for inflammatory diseases " This herb reduced the
toxicity caused by cancerous cells when investigated against
cyclophosphamide treated rats by increasing WBC, ALC and
platelets counts ¢ When azoxymethane (potential carcinogen)
Neuroprotective properties
In ancient Ayurvedic literature W. somnifera is regarded as
“Medharasayana” —a memory enhancing tonic. Root extracts of
the plants were found to reduce degeneration of brain region
[0l The extracts of W. somnifera had profound effect on
Parkinson’s disease rat model i.c. 6-Hydroxydopamine rats [
The extracts showed anti-Parkinson effect in the Parkinson’s
induced (MPTP induced) mice models ["? The neuroprotective
effects of plant may be related to the antioxidant effect and lipid
peroxidation actions [} " withanolides were showed to
increase catalase and peroxidase levels in the frontal cortex part
Heart diseases like myocardial infarction and ischemia-
reﬁ)erﬂ,lsion injury are in the rising trend in today’s world
B Owing to the presence of chemical constituents in this
plant it is regarded as a potent cardio tonic % The level
of cardiac enzymes, antioxidant enzymes and cardiac
cycle was improved by W. somnifera. It possessed a
strong cardioprotective activity as shown by a study in
which the cardioprotective effects of W. somnifera were
compared with the known cardioprotective antioxidant
vitamin E " Also when the extracts of W. somnifera
were tested against vitamin E in Wistar rats to check the
effect of the herb in myocardial injury, the level of
myocardial enzymes indicated that by withanolide
treatment, the level of m]yocardial injury was reduced as
compared to vitamin E

Salbutamol induced rabbit model of myocardial
necrosis showed the increase in the levels of antioxidant
enzymes in W. somnifera treated models as compared to
control % W. somnifera activated Nuclear factor
(erythroid-derived 2)-like 2 (Nrf2) and hence acted as an
inducer of phase Il antioxidant enzymes which were
involved in protection of cardiovascular diseases 2 W.
somnifera extracts were reported to act as a preventive
agent in cardiotoxicity induced by doxorubicin %
Preventive treatment by W. somnifera restored myocardial
oxidant/anti-oxidant, pro-apoptotic/ anti-apoptotic effects
and decreased the deterioration of myocardium cells in
animal model ¢
Anti-diabetic properties
W. somnifera extracts (root and leaf) were tested on
alloxan induced diabetic rat for hypoglycemic effect &7

cancerous cells. A plethora of in-vitro evidences exists that
rea)orted about the stimulation of apoptosis by withanolides ©°
[61].

Immunomodulatory properties

W. somnifera acts as an immuomodulator checked against
cisplatin-treated Leishmania donovani-infected BALB/c mice.
Also enhanced antileishmanial activity was reported when W.
somnifera was applied in combination with cisplatin 2 w.
somnifera extract increased total antibody forming cells as well
as stimulate these cells much before in normal condition in mice.
Administration of W. somnifera extract also

induced colon cancer in mice was administered by W. somnifera
extract, the level of immune cells was altered.
Immunomodulatory properties (neutrophils count,
hypersensitivity and humoral antibody response) were
investigated in mice after administration of ethanolic root
extracts of W. somnifera exhibiting an enhanced neutrophil
counts and humoral antibody response 7 W. somnifera root
powder has changed the immune response against Aeromonas
hydrophila infection in Oreochromis niloticus and hence it may
be used as immunotherapeutic agent against various fish
bacterial diseases [*!

in rat models, thus regulating oxidative damage of brain [
Phenolic compounds of the roots were found to be involved in
the antioxidant activity of W. somnifera ["®" Extract of W.
somnifera were shown to down regulate the level of
neurodegenerative agent nitric oxide "1 Root extract was also
shown to possess anti-parkinson effect in induced mouse models
8- \Water extract of the plant was also effective against
glutamate neurotoxicity "® Root extracts were also shown to
possess profound effects against B-amyloid and hydrogen
peroxide toxicity in brain tissues %

Cardioprotective properties

Root powder of W. somnifera was reported to have
profound effect in reducing sugar levels in humans when
administered orally that was comparable to antidiabetic
drug ! W. somnifera was reported to possess the ability
to enhance the insulin sensitivity index in rat models %
Extracts were reported to influence the glucose uptake
potential in skeletal myotubes and adipocytes with leaf
extract possessing more profound effects when compared
with root extract ) The extracts of the plant was also
reported to be regulator of blood glucose, urine sugar and
tissue glycogen levels in alloxan-induced diabetes mellitus
rat %%

Anti-microbial properties

W. somnifera was used as a folk medicine for the management of
infections. The methanolic extracts of the plant showed activity
against a variety of bacterium including Escherichia coli,
Bacillus subtilis, Staphylococcus aureus, Pseudomonas
fluorescens, Xanthomonas axonopodis P The methanolic
extracts of root and leaf tissues were also active against gram-
positive Staphylococcus aureus and Enterococcus sppl®?
Aqueous extracts of root was also showed marked biological
activity against methicillin resistant Staphylococcus aureus
(MRSA) 3 Organic extracts of W. somnifera showed both
antibacterial activity against Staphylococcus aureus, clinical
isolates, methicilin resistant Escherichia coli, Staphylococcus
aureus and Pseudomonas aeruginosa. Antifungal activity was
also reported against Candida albicans, clinical isolates of
Cryptococcus  neoformans,  Microsporum  gypseum, and
Trichophyton mentagrophytes ¥ Additionally, antifungal
activity was reported against Fusarium verticillioides,
Dreschlera turcica and Aspergillus flavus - Administration of
W. somnifera extracts were also reported to increase survival rate
with decreased bacterial load on vital organs of mice with
salmonellosis
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[95].

Anti-stress properties

Ashwagandha is a known rejuvenating herb and its vitalizin
potential was comparable to Korean and Siberian Ginseng B%
Various studies were performed to find the role of W. somnifera
in stress tolerance or adaptogenic activities 7 8 These studies
had shown that W. somnifera was involved in the production of
improved stamina, combat stress produced during hepatotoxicity
and carbon tetrachloride induced mortality in rat models. When
root powder of W. somnifera was administered with water by
oral route in rats, the increased level of plasma corticosterone
level was recorded along with phagocytic and avidity index in
untreated rats but the herb treated shown the values closer to
control values % Thus these results suggested that
ashwagandha possess a strong antistress activity and may be
used in the formulations or as a whole drug to combat stress
conditions [°7)- (52} [581. [9¢]

Conclusion

Plants are regarded as green factories due to their ability to
produce natural products beneficial to mankind. Traditional and
ethnobotanical evidences are the basis of dugs discovery from
plants. The traditional system of Medicines claims the
therapeutic use of numerous plants. Plant-based drugs are
favoured because they have fewer or no side effects. Extensive
research has been done on this plant related to its scent, but there
is brief knowledge available about its pharmacological profile.
This review is an attempt to compile the information on
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