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1. Introduction

Withania somnifera Dunal (ashwagandha) is a
commonly used herb in Ayurveda, Siddha and
Unani system of medicine. The Indian name for
Withania  somnifera Dunal (ashwagandha)
means “odor of the horse”, probably the term
refers the smell of horse originating from odor
of its root. The name “somnifera” in Latin means
“sleep-inducer” which probably refers to its
general use as a remedy against stress.
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Abstract

Withania somnifera is known as Ashwagandha, also commonly known in different parts of the world as Indian
ginseng, Winter cherry, Ajagandhaand and Kanaje Hindi, a plant belonging to the Solanaceae family.  Ashwagandha
is a woody shrub or herb whose various parts (berries, leaves and roots) are used as folk remedies.  Some traditional
uses of ashwagandha are also invoked now a day, such as enhancing sexual function in men, increasing fertility in
men or women, aiding sleep and enhancing sports performance. Withania somnifera is used as adaptogen, antiarthritic,
antispasmodic, anti-inflammatory, nervine tonic, nerve soothing, sedative, hypotensive, antioxidant,
immunomodulator, free radical scavenger, anti-stress and anti-cancer agent. Ashwagandha is called “Rasayana”,
which means powerful rejuvenator in Ayurvedic jargon as it increases hemoglobin (red blood count) and hair
melanin. In this study we have critically reviewed recent advancements of Withania somnifera in an attempt to
authenticate its use as a multi-purpose medicinal agent.
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Withania  somnifera is a main ingredient of many
marketed formulations used for a variety of
clinical conditions like arthritis and rheumatism
and as a general tonic to improve health of the
elderly and during pregnancy in women [1-4].
Withania somnifera also helps in conditions like
chronic fatigue, weakness, dehydration, bone
weakness, loose teeth, thirst, impotency,
premature ageing and emaciation [5].  It is an
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imperative herb in traditional medicine systems
for over 3000 years.  Traditionally, plant was
used as aphrodisiac, anti-inflammatory agent,
as an ingredient of liver tonic, rejuvenating agent
and to treat insomnia. Withania somnifera has
reported to cause increase in weights of testes,
seminal vesicle and bulb urethral gland [6].
Withania somnifera is considered to promote
youthful vigor, endurance, strength and general
health. It is widely claimed to produce mild
sedation, an effect potentially useful for those
troubled by anxiety [7].  The leaves of
W. somnifera are bitter in taste and used as an
antihelmantic.  Bruised leaves and fruits are
locally applied to tumors and tubercular glands,
carbuncles and ulcers.  The roots are used in
constipation, loss of memory, loss of muscular
energy and spermatorrhoe [8, 9]. The medicinal
properties of  W. somnifera is attributed to several
classes of withanolides, a group of naturally
occurring C-28 steroidal lactone triterpenoids,
in which C-22 and C-26 are suitably oxidized to
form a six-membered lactone ring [10].  The
purpose of this article is to review recent
literature regarding W. somnifera in an attempt
to establish a scientific basis for therapeutic use
of W. somnifera.

1.1 Botanical description of W. somnifera [11]

W. somnifera is an erect branching shrub that
attains height between 30 and 150 cm, covered
in a woolly pubescence. The ovate leaves are
10 cm long and 2.5–5 cm wide, entire margins
arranged in an alternate fashion. The flowers
are green or yellow and fruits are red in colour
when mature. The roots are fleshy and
cylindrical in shape, epidermis is light brown
and medulla is white in colour.

1.2 Geographical description of W. somnifera
[12]

W. somnifera  grows effectively in dry regions
of South Asia, Central Asia and Africa,

particularly in India, Pakistan, Bangladesh, Sri
Lanka, Afghanistan, South Africa, Egypt,
Morocco, Congo and Jordon. In India, it is
cultivated on a commercial scale in the states
of Madhya Pradesh, Uttar Pradesh, Punjab,
Gujarat and Rajasthan.

2. Phytochemistry

Phytochemistry of W. somnifera is extensively
studied, over 35 chemical constituents are
identified, extracted and isolated [13].

2.1 Active Chemical Constituents

Phytochemistry of Withania species is
extensively studied and various chemical
constituents such as steroidal lactones,
alkaloids, flavonoids, tannin etc. are identified,
extracted and isolated [14-19].  At nearby, more
than 12 alkaloids, 40 withanolides and several
sitoindosides (a withanolide containing a glucose
molecule at C-27) are reported from aerial parts,
roots and berries of Withania species.  The major
chemical constituents of Withania species,
withanolides are mainly contained in leaves
[14-20].  Withanolides are a group of naturally
occurring C-28 steroidal lactones built on an
intact ergostane structure, in which C-22 and
C-26 are oxidized to form a six-membered
lactone ring [21-26].  Withaferin A (Figure 1)
was the first member of withanolides, isolated
from W. somnifera [21, 27-29]. Withanolides
are main chemical constituents responsible for
multiple medicinal applications of ashwagandha.
It stimulates activation of immune system cells
such a lymphocytes. It inhibits inflammation and
restores memory. At present, more than 125
withanolides from Solanaceae genera are well
known, generally occurring in free form, but in
a few cases present as glycosides [21].  Leaves
are reported to contain five unidentified alkaloids
(0.09%), chlorogenic acid, calystegines,
withanone, tannin and flavonoids. Four types
of peroxidases is purified and characterized



3Vivek K. Vyas et al. / Journal of Natural Remedies, Vol. 11/1 (2011) 1-13

from W. somnifera roots [30].
Different chemical constituents present in
Withania species are anaferine (alkaloid),
anahygrine (alkaloid), beta-sisterol, chlorogenic
acid (in leaf only), cysteine (in fruit),

cuscohygrine (alkaloid), iron, pseudotropine
(alkaloid),scopoletin, somniferinine  (alkaloid),
somniferiene (alkaloid), tropanol (alkaloid),
withanine (alkaloid), withananine (alkaloid) and
withanolides A-Y(steroidal lactones) [29] .

Fig. 1.  Chemical Structures of Active Constituents of W. somnifera
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2.2 Different Species of  Genus Withania

Twenty-three known Withania species are
widely distributed in the drier parts of tropical
and subtropical countries of the world, ranging
from Canary Islands, Mediterranean region and
Northern Africa to Southwest Asia [36-38].  The
Genus Withania is further organized into groups
including:

W. martiana , W. melanocystis , W. micrantha,
W. microphysalis, W. mollis, W. monifera,
W. morisonii, W. mucronata,
W. novo-friburgensis, W. novofriburgensis,
W. obtusifolia, W. origanifolia, W. orinocensis,
W. peruviana, W. picta, W. picta var. parvifolia,
W. picta var. subnuda, W. pogogena,
W. pogogena var. glabra, W. pohliana,
W. pyrifolia, W. qaraitica, W. ramosa,
W. reichenbachii, W. riebeckii, W. schottiana,
W. sicula, W. simonyaua, W. sinensis, W. sinica,
W. somnifera, W. somnifera obtusifolia,
W. sordida, W. sphaerocarpa, W. sphaerocarpa

var. grisea, W. suberosa, W. subtriflora,
W. villosa, W. wiebeckii, W. xalapensis and
W. yunnanensis [39].

3. Recent Advancements in Pharmaco-
logical activities of W. somnifera Dunal

W. somnifera is used for centuries to treat a
wide range of diseases, showed great potential
as a safe and efficacious multi-purpose
medicinal agent. Beside its traditional uses
several recent reports have demonstrated
immunomodulatory, antitumor, hypolipidaemic
and cardioprotective effect of ashwagandha
[40-44] Moreover, various parts of plant are
reported to possess antiserotogenic, anticancer
and anabolic properties and have beneficial
effects in the treatment of arthritis, stress and
geriatric problems [45-48]. W. somnifera  is used
as home remedy to treat diseases in India as
well as other parts of the world [49-50].

Table 1:  Medicinal use of different parts of W. somnifera Dunal [31-35]
S. No.         Disorders                                Part used                    Description
01 Digestive disorder Roots It corrects disorders processes of digestion.

(dyspepsiaand loss of appetite)
02 Rheumatism Roots 3 g/day in rheumatic arthritis
03 Female sterility Roots 6 g/day with milk for 5 to 6 successive

nights after menstruation.
04 Skin disorders, painful swelling Leaves Ointment and cream of leaves is useful in

inside the skin and  syphilitic sores ulcers and swelling
05 Sore eyes Leaves Fermented leaves can be applied to get relief
06 Brain tonic Roots Regular use improves stress tolerance

and restores memory
07 General debility Roots 2 g/day
08 Tuberculosis Roots Decoction of roots is used with long pepper and

honey, in the treatment of scrofula (tuberculosis
of lymph glands especially in the neck)

09 Insomnia Roots Produce deep sleep
10 Cough and cold Roots 3 g/day in the form of decoction
11 Weak immune system Roots extract Immunomodulatory
12 Aging Roots Antioxidant
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W.somnifera is claimed to produce beneficial
effects in the conditions like anxiety and
depression [51-54].  According to one study in
animals, ashwagandha may raise thyroid
hormone levels [55-58].  Fruits of W. somnifera
have a milk-coagulating property, which is used
in preparation of vegetable rennet ferment for
cheese [59].  The fruits of plant are claimed to
be sedative, emetic, stomachic, a blood-purifier,
febrifuge, diuretic and bitter tonic in dyspepsia
as well as a growth promoter in infants [60,
61].  The crude preparation of W. somnifera is
found to be active against a number of pathogenic
bacteria [62]. In recent years, several
pharmacological investigations are carried to
investigate different biological effects of
chemical constituents of W. somnifera [63-67].
In animal studies, withaferin-A has showed
significant anticancer activity.  Majority of the
anticancer drugs like vinblastine, vincristine and
taxol are derived from green flora.  Withanolides
are under the great research potential for the
treatment of cancer [68-69].  Experimental
studies in animal models have extensively
demonstrated GABA-mediated action of
W. somnifera [70].  It is possible to formulate
ashwagandha into pills, capsules and alcoholic
extracts to create greater public acceptance.
Gupta and Rana [71] have reviewed
pharmacological activity of W. somnifera
extracts. The intention of next section is to
review the literature and articles to cover recent
advances in pharmacological activities of
W. Somnifera.

3.1 Antiparkinson’s

Rajasankar S  et al. (2009) proposed that
W. somnifera root extract improves
catecholamines and physiological abnormalities
in Parkinson disease (PD). Results of this study
suggested that W. somnifera is a potential drug
in treating catecholamines, oxidative damage
and physiological abnormalities in PD mouse

[72]. In another study (2009) the authors
evaluated effects of leaf extract of W. somnifera
in PD mouse. This study revealed that W.
somnifera is a agent in treating oxidative damage
and physiological abnormalities in Parkinson
disease [73].  Yadav CS et al. (2010) studied
the effect of W. somnifera, on propoxur-induced
acetylcholine esterase inhibition and impairment
of cognitive function in rats.  The authors
suggested that oral administration of
W. somnifera exerts protective effect and
attenuates AChE inhibition and cognitive
impairment caused by sub-chronic exposure to
propoxur [74].

3.2 Antiproliferative

Abdeljebbar LH  et al. (2009) studied
antiproliferative effects of withanolides,
extracted from W. adpressa. The
bioassay-guided fractionation of W. adpressa
plant extracts results in identification of novel
withanolide (14, 15, 17, 20 -tetrahydroxy-
1-oxo-(22R)-witha-2, 5, 24-trienolide). Effects
of previously identified withanolides (F and J)
and novel withanolide extracts suggested that
withanolides from W. adpressa has potential as
antiproliferative agents [75].  Mirjalili MH  et al.
(2009) focused on two novel activities, tumor
inhibition and antiangiogenic properties of
withaferin A.  The authors discussed most recent
attempts in biotechnological production of
withanolides [76]. Shah N  et al. (2009)
investigated growth inhibition and differentiation
potential of alcoholic extract of ashwagandha
leaves on cell lines. Withaferin-A, withanone,
withanolide-A and alcoholic extract markedly
inhibits proliferation of glioma cell lines in a
dose-dependent manner [77].  Mulabagal V
et al.(2009) evaluated methanolic extract of
W. somnifera roots for bioactive constituents
(withanolide sulfoxide and ashwagandhanolide
with S-linkage). Isolation of withanolide
sulfoxide from W. somnifera  and its ability to
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inhibit COX-2 enzyme and to suppress human
tumor cell proliferation were reported first time
in this study [78]. Aalinkeel R  et al. (2008)
highlighted  role of JAK-STAT signaling in
anti-proliferative action by genomic analysis.
The authors investigated effects of
ashwagandha in prostate cancer cells lines.  This
study hypothesized that immunomodulatory and
anti-inflammatory properties of ashwagandha
contributed to its overall effectiveness as an
anti-carcinogenic agent.  Main goal of this study
was to gain insight into the general biological,
molecular functions and immunomodulatory
processes that is altered as a result of
W. somnifera treatment in prostate cancer cells
[79]. Stan SD et al. (2008) evaluated anticancer
activity of withaferin-A against human breast
cancer cell lines in culture and in vivo.
Treatment with withaferin-A decreased viability
of MCF-7 (estrogen-responsive) and MDA-MB-
231 (estrogen-independent) human breast
cancer cells in a concentration-dependent
manner.  Withaferin-A induced suppression of
breast cancer cell viability was correlated with
apoptosis induction characterized by DNA
condensation, cytoplasmic histone-associated
DNA fragmentation and cleavage of poly-(ADP-
ribose) - polymerase [80]. Bolleddula J et al.
(2009) isolated 12 withanolides, tested for their
antiproliferative activity on lung, colon, central
nervous system and breast tumor cell lines. The
authors suggested that incorporation of
withanolides in diet may prevent or decrease
growth of tumors in the body [81]. Choudhary
MI et al. (2010) isolated a chlorinated steroidal
lactone (27-acetoxy-4,6-dihydroxy-5-
chloro-1-oxowitha-2,24-dienolide), a diepoxy
withanolide (5,6,14,15-diepoxy-4,27-
dihydroxy-1-oxowitha-2,24-dienolide), and
withaferin-A from aerial parts of W. somnifera.
Isolated compounds showed cytotoxic activity
against human lung cancer cell line with
withaferin-A being the most potent among three

compounds tested [82].

3.3 Immunostimulatory

Muralikrishnan G  et al. (2010) tested efficacy
of W. somnifera on immunomodulation in
experimental azoxymethane induced colon
cancer in mice. W. somnifera significantly
altered the level of leucocytes, lymphocytes,
neutrophils, immune complexes and
immunoglobulins (Ig) A, G and M. The
azoxymethane induced colon cancer and
immune dysfunction was better controlled by
W. somnifera [83].  Khan S  et al. (2009) gave
molecular insight into the immune up-regulatory
properties of leaf extract of ashwagandha.  This
study demonstrated potential role of chemically
standardized leaf extract of W. somnifera and
its identified component in activating immune
system [84].

3.4 Neuroprotective

Kumar P  and Kumar A (2009) described
neuroprotective effect of W. somnifera root
extract. Huntington’s disease (HD) is
neurodegenerative disorder that results from the
destruction of neurons in the basal ganglia. The
study was designed to investigate the effects of
W. somnifera root extract against
3-nitropropionic acid (3-NP) induced gait
abnormalities, oxidative stress and mitochondrial
dysfunction. Chronic treatment with
W. somnifera root extracts (100 and 200 mg/
kg) for a period of 2 weeks, dose-dependently
improved 3-NP-induced behavioral, biochemical
and enzymatic changes. [85].  Bhatnagar M ,
et al. (2009) proposed possible mechanism of
neuroprotective action of root extract of
W. somnifera.  This study was focused on
W. somnifera  mediated inhibition of nitric oxide
production, which is known to produce
neurodegeneration during stress.  W. somnifera
root extract could be developed as a potential
preventive or therapeutic drug for stress induced
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neurological disorders[86]. Kumar S et al.
(2010) investigated neuroprotective properties
of an aqueous extract of W. somnifera  root as
a novel approach to treat dementia, especially
dementia of the Alzheimer’s type (AD) [87].
Jayaprakasam B et al. (2010) tested two major
withanamides (A and C) for their ability to
protect PC-12 cells and rat neuronal cells from
damage caused by beta-amyloid (inducer of
Alzheimer disease) [88].

3.5 Hypoglycaemic and Hypolipidaemic

Hoda Q  et al. (2010) evaluated aqueous extract
of W. coagulans fruits, for its effect on blood
glucose, lipid profile and body weight in type-2
diabetic rats. Aqueous extract showed
significant decrease in blood glucose,
triglyceride, total cholesterol, LDL and VLDL
level. W. coagulans was found slightly superior
to metformin for its antihyperglycemic effect
[89].  Udayakumar R  et al. (2009) investigated
hypoglycaemic and hypolipidaemic effect of
W. somnifera root and leaf extracts on
alloxan-induced diabetic rats.  The levels of urine
sugar, blood glucose, serum lipids except high
density lipoprotein-bound cholesterol (HDL-c)
and tissues like liver, kidney and heart lipids
were significantly increased, however
hemoglobin, total protein, albumin,
albumin:globulin (A:G) ratio, tissues protein and
glycogen were significantly decreased in alloxan-
induced diabetic rats [90].  In another study
(2010) the authors determined orally
administrated phenolic and flavonoid
compounds from extracts of  W. somnifera root
and leaf extracts to reduce levels of urine sugar,
blood glucose and liver glycogen in diabetic
rats. This study revealed that W. somnifera  root
and leaf extracts and their antioxidant activity
may play a vital role in reduction of blood glucose
level in  alloxan-induced diabetic rats [91].
Anwer T  et al. (2008) showed effect of an
aqueous extract of W. somnifera on insulin

sensitivity.  Study suggested that aqueous
extract of W. somnifera normalizes
hyperglycemia in NIDDM rats by improving
insulin sensitivity [92].

3.6 In hypothyroidism

Jatwa R , et al. (2009) investigated possible
ameliorative role of two plant extracts
(W. somnifera and Bauhinia purpurea) on an
antidiabetic drug-induced hypothyroidism in
type-2 diabetic animals.  The findings of this
study revealed that evaluated plant extracts have
a potential to ameliorate metformin-induced
hypothyroidism in type-2 diabetic subjects [93].

3.7  Antifungal protein

Ghosh M  (2009) purified 30 KDa monomeric
acidic lectin-like proteins leaves of
W. somnifera by a series of gel filtration and
affinity chromatography methods.  Antifungal
activity of protein was compared with standard
lectins like concanavalin-A, phytohemagglutinin
and wheat germ agglutinin [94].

3.8 Cardioprotective

Mohanty IR  et al. (2009) described
cardioprotective effect of  W. somnifera  in
setting of ischemia and reperfusion (IR) injury.
Antioxidant and anti-apoptotic properties of
W. somnifera contributed to cardioprotective
effects of W. somnifera [95].

3.9 Antistress

Gupta GL  and Rana AC (2009) described effects
of root extract of  W. somnifera and diazepam
in social isolation induced behavior such
as anxiety and depression in rats. Investigations
supported use of W. somnifera as a mood
stabilizer [96].  Shah PC et al. (2006)
evaluated antidepressant action of  W. somnifera
as well as its interaction with conventional
antidepressant drugs.  The authors explained
possible mechanism of antidepressant action
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W. somnifera using forced swimming mice
model [97].

3.10 Anticatalepsy

Nair V  et al. (2009) evaluated anticataleptic
effect of W. somnifera extract on
haloperidol-induced catalepsy in albino mice.
The authors believed that antioxidant effect of
W. somnifera contributed its anticataleptic
effect [98]

3.11 Antibacterial

Arora S. et al. (2004) evaluated methanolic,
hexane and diethyl ether extracts of W. somnifera
(leaves and roots) for antibacterial activity.
Antibacterial activity was evaluated using agar
plate disc-diffusion assay against S. typhimurium
and E.coli [99].

3.12 Anticonvulsant

Kulkarni SK  et al. (2008) studied effect of
W. somnifera  root extract alone and in
combination with exogenous GABA or with
diazepam against pentylenetetrazol (PTZ)
induced seizure threshold in mice. GABAA ergic
modulation was thought to be involved in
anticonvulsant effect of  W. somnifera [100].

3.13 Anti-malarial

Dikasso D  et al. (2006) investigated in vivo
antiplasmodial activity of  W. somnifera.  Leaves
and root extracts of W. somnifera showed
parasite suppressive effect and a protective
effect on packed cell volume in dose-dependent
manner [101].

3.14  Herbicidal

Javaid A  et al. (2010) studied herbicidal activity
of W. somnifera against Phalaris minor Retz.
Study described bioassays of aqueous,
methanolic and n-hexane extracts of roots and
shoots of W. somnifera.  Extracts in different
solvents exhibited markedly variable herbicidal
activities against germination and seedling

growth of target weed species [102].

3.15 Nephroprotective

Jeyanthi T  et al. (2009) investigated protective
effect of W. somnifera. Root extract of three
different doses of W. somnifera showed
nephroprotective effect in gentamicin-induced
nephrotoxic  rats [103].  In another study (2010)
the authors investigated  protective effect of
W.somnifera root powder on lipid peroxidation
and antioxidant status in gentamicin-induced
nephrotoxic rats [104].

3.16 GABA mimetic activity

Bhattarai JP  et al. (2010) examined effect of
methanolic extract of W. somniferaon
gonadotropin releasing hormone (GnRH)
neuron. The results of this study showed that
methanolic extract of W. somnifera affects
neuronal activities by mediating GABA(a)
receptor, and suggested that
W. somnifera contains an ingredient with
possible GABA mimetic activity [105].

3.17 Some Other Latest Research with
W. somnifera

Kasture S  (2009) showed that morphine
withdrawal induces spine reduction in nucleus
accumbens shell. Study showed that
pretreatment with W. somnifera protects from
structural changes induced by morphine
withdrawal [106].  Ahmad MK et al. (2009)
investigated W. somnifera roots on semen
profile, oxidative biomarkers and reproductive
hormone levels of infertile men [107].   Ahuja A
et al. (2009) studied glycowithanolides
accumulation of shoot cultures of W. somnifera
[108].  Baldi A  et al. (2009) explained
biotechnology based methodology for
large-scale production of withaferin cell
suspension cultures of  W. somnifera [109].   Oza
VP et al. (2009) identified W. somnifera as a
potential source of enzyme L-asparaginase[110].
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Benjumea D  et al. (2009) reported diuretic
activity of several extracts of W. aristata [111].
Xu YM et al. (2009) formulated prodrug (2,3-
Dihydrowithaferin A-3beta-O-sulfate) of
withaferin-A [112]. Pramanick S et al. (2008)
analyzed n-butanol fraction of methanolic extract
W. somnifera (leaves) by reverse-phase
preparative HPLC [113]. Mandal C et al. (2008)
demonstrated that how withaferin-A induces
apoptosis by exhibits a strong growth inhibitory
effect on several human leukemic cell lines and
on primary cells from patients withymphoblastic
[114].  Murthy HN et al. (2008) established
hairy root cultures of W. somnifera for the
production of withanolide-A [115].  Park HJ
et al. (2008) showed that withaferin-A acts on
adipocytes to reduce cell viability and
adipogenesis and also induce apoptosis [116].

4. Conclusion

W. somnifera  is used for centuries in Ayurvedic
medicine to increase longevity and vitality.

W. somnifera is the most important medicinal
plant, extensively used in herbal formulations.
Aswagandha, chemically rich with its diverse
content of active compounds, such as
withanolides, sitoindosides and many useful
alkaloids, constitutes a wide range of active
constituents as a multi-purpose medicinal
agent.  In this study, we have reviewed literature
pertaining to W. somnifera and its botanical
constituents as antitumor, antiparkinson,
immunostimulatory, cardioprotective
hypoglycaemic and hypolipidaemic agents.
W. somnifera exhibit varying degrees of
therapeutic value some of which useful in the
treatment of fungal, malaria and bacterial
infections. These data suggested that
W. somnifera  is a polypharmaceutical, and under
intensive investigation in an attempt to
authenticate its use as a multipurpose medicinal
agent.  More clinical trials require to be carried
out to support its therapeutic potential as
multipurpose medicinal agent.
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