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ABSTRACT

Since ancient times, herbal plants have been the
main source of human remedies, and today, almost
80% of the world's population relies on traditional
medical practices. According to the World Health
Organization (WHO), the global market for herbal
products is currently worth around $6.2 billion and
is expected to grow to $5 trillion by the end of
2050. Identifying the traditional usage of
ashwagandha root extracts for health and longevity
is the primary goal of the study, with an emphasis
on pharmaceutical and biochemical scientific data
to bolster its validity. For hard proof, national and
international periodicals have been analyzed.
Commonly referred to as ashwagandha, Withania
somniferous (L.) Donal is a member of the
Solanaceae family of nightshades. With almost
3,000 years of use in Ayurvedic and indigenous
medical systems, it is a pharmacologically
significant medicinal plant of the Indian
subcontinent. Annelids, a class of 300 naturally
occurring C-28 steroidal lactones with an ergotise-
based structure, are a rich reservoir of
pharmaceutically useful components. Additionally,
it increases the activity of dopaminergic D2
receptors, which alleviates Parkinson's disease.
Free radical characteristics are possessed by active
principles like withaferin-A and stoned sides VII-
X. By preventing deoxyribonucleic acid (DNA)
damage to non-homologous end-joining repair
(NHEJ) pathways, anilido-D enhances the
radiosensitivity of human cancer cells. Anilido-V
may be used as a possible inhibitor to fight COVID
by blocking the primary protease (M pro) of the
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).

GRAPHICAL ABSTRACT
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l. INTRODUCTION

Donal, Withania somniferous, is a member
of the Solanaceae family. It is a xerophytic plant
that grows throughout the Mediterranean, the
Canaries, and the Cape of Good Hope. It can be
found in the drier regions of Afghanistan,
Baluchistan, Sind, India, and Sri Lanka. It can be
found in the Himalayas at elevations of up to 5,500
feet. Common in Bombay and Western India, this
plant is also occasionally seen in Bengal [1]. It
grows widely all over India, especially on waste
sites, by the sides of roads, and in hotter regions. In
India, it is also grown in open spaces and fields for
medicinal purposes. In Rajasthan, Rajputana,
Punjab, and Manasa (M.P.), it is extensively grown
in the Bikaner and Pilani regions[2].

The medicinal qualities of the roots of
Ania somniferous, also referred to as argand, are
utilized in the Unani medical system. Nonetheless,
there are other reports of the plant's leaves being
utilized medicinally. The fresh roots are gathered
between January and March and let to dry for a few
days in the shade. For less than two years, the
medication maintains its therapeutic efficacy [3]. It
loses its potential within two years and is prone to
degradation. Therefore, for therapeutic purposes,
fresh dried roots are preferred. Classical Unani
literature mentions two types of argand: 1 argand
nagari and 2 argand dakani. Argand Nagari is
favored because of its more promising therapeutic
qualities. (L.) Withania somniferous. Commonly
referred to as ashwagandha, donal is an evergreen
woody shrub that is a member of the Solanaceae
family, which includes 84 genera and more than
3,000 species that are found all over the world [4].
For the past 3,000 years, it has been widely utilized
as a natural medication in the Ayurvedic and Unani
medical systems [5]. It grows abundantly in dry
places spanning from the Mediterranean across
tropical Africa, South Africa, and the Canary and
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Cape Verde Islands, as well as Afghanistan,
Baluchistan, Pakistan, Sri Lanka, China, Nepal, and
India. In warmer regions of Europe, it is grown in
gardens, and in South Australia and New South
Wales, it has become a natural weed [6]. In India's
arid regions, particularly in Punjab, Gujarat, Uttar
Pradesh, Maharashtra, West Bengal, and Rajasthan,
the plant is widely distributed [7].Anti-stress,
narcotic, diuretic, aphrodisiac, worms, liver illness,
leprosy, constipation, cardiovascular issues, joint
discomfort, antibacterial, nervous system diseases,
and arthritis are just a few of the uses it has had in
traditional medicine [8].Various pharmacological
activities have been reported in W. somniferous,
including  anti-inflammatory, analgesic, anti-
arthritic,  hepatoprotective, anti-cancer, anti-
epileptic, anti-Alzheimer, antiparkinsonian,
cardioprotective, neuroprotective, anti-microbial,
anti-fungal, anti-oxidant, immunomodulatory, anti-
depressant, anti-diabetic, anti-platelet, fibrinolytic
[9].The steroidal lactones known as with anilids are
the main bioactive substances found in W.
somniferous; withaferin-A, with anilido-D, and
with none are the most significant ones that are in
charge of the different bioefficies [10]. It is well
recognized that these bioactive substances target
many biomolecules in living systems to produce
the pharmacological effect. They are strong
antioxidants that prevent cell damage caused by
free radicals and other reactive oxygen species
(ROS). By upregulating and downregulating
transcription factors that govern the synthesis of
these regulatory macromolecules, they regulate the
expression of different enzymes, receptors, and
other regulatory proteins that are implicated in the
pathophysiology of different disorders [11]. The
present review aims to  highlight the
phytochemistry and molecular targets of W.

somniferous.
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Figurel:Variousparts of Ashwagandha Plants which
shows good deal of medicinal value.

_
o

1. PLANT DESCRIPTION

WS is a woody, short, tender, perineal,
xerophytic, evergreen shrub that reaches a height of
approximately 2 m and a width of approximately 1
m. Its short, thin, silver-gray hairs cover its
tomentose branches, which radiate forth from a
central stem. Prostate to erect, the stems are
brownish. The leaves are alternating (opposite
blooming branches), densely hairy underneath, and
nearly hairless and green on top. It features little
green bell-shaped blooms and faded, simple,
glabrous, green elliptic leaves. At the leaf nodes,
one to seven unnoticeable bisexual flowers emerge
[12]. The 5-lobed calyx is approximately 5 mm
long and, in the fruit, it is 20 mm long, spherical or
urn-shaped, membranous, 5-10 ribbed. The
narrowly campanulate corolla is pale yellow to
yellow-green, 5-lobed, and 5-8 mm long. The five
yellow-orange stamens protrude. The fruit is a
spherical, hairless berry that is 5-8 mm in diameter,
orange-red to scarlet when ripe, and encased in an
inflated, membrane-based persistent calyx. The
fruit contains several kidney-shaped, pale brown
seeds that are crushed to a rough, netted surface
[13]. The primary root has a pungent odor and a
bitter, caustic flavor, and the roots are robust,
meaty, and produce fiber-like subsidiary branches.

2.1 TAXONOMICAL CLASSIFICATION

Kingdom : Plantae, Plants;

Subkingdom : Tracheobionta, Vascular plants;
Super division : Spermatophyta, Seeds plants;
Division :Angiosperma

Class : Dicotyledons

Order :Tubiflorae

Family : Solanaceae

Genus : Withania

Species : somnifera Dunal

2.2 Plant part and form:

The dried root, which is often utilized as a
powder, is the component used. A large portion of
W. somnifera on the market today is supplied as a
dry extract to producers of herbal products and
dietary supplements. The extract yield is typically
around ten times less than the initial weight of the
raw material; for example, 100 g of W. somnifera
root extract is produced from 1 kg of dried root
[14]. Steroid lactones known as withanolides are
commonly present in the extract in quantities
ranging from 1.5% to 5.0% (w/w).
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1. PHYTOCHEMISTRY OF
ASHWAGANDHA

The study of the chemical components

contained in ashwagandha (Withania somnifera),
especially those in its roots, leaves, and other parts,
is known as phytochemistry. The pharmacological
actions and medicinal advantages of the plant are
attributed to these substances [15]. An extensive
summary of the main chemical components of
ashwagandha and their characteristics can be found
below:
3.1Major Bioactive
Ashwagandha
a. Withanolides: Withanolides are steroidal
lactones, the most important class of bioactive
compounds in Ashwagandha. They are unique to
this plant and are found primarily in the roots,
although they also occur in smaller amounts in the
leaves.

e Key Compounds:

« Withaferin A: One of the most well-studied
and potent withanolides, known for its
anticancer, anti-inflammatory, antioxidant, and
neuroprotective effects.

< Withanolide D: Known for its adaptogenic
and anti-stress properties, it helps in the
regulation of cortisol levels, making
Ashwagandha effective as an adaptogen.

¢ W.ithanone: Another withanolide compound
that has demonstrated anticancer, anti-
inflammatory, and antioxidant properties [16].

Compounds in

e Pharmacological Actions of Withanolides:

% Anticancer:  Withanolides have shown
selective cytotoxicity against cancer cells by
promoting apoptosis and inhibiting the
proliferation of cancer cells.

< Anti-inflammatory: These compounds reduce
the activity of pro-inflammatory mediators like
COX-2 and NF-kB, providing anti-
inflammatory benefits [17].

« Neuroprotective: Withanolides protect
neurons from oxidative stress and neuronal
damage, promoting cognitive function and
preventing neurodegenerative diseases.

« Adaptogenic: Withanolides play a role in
reducing stress by lowering cortisol levels and
improving the body's ability to cope with
physical and mental stress [18].

b. Alkaloids: Alkaloids are nitrogen-containing
compounds with a range of pharmacological

effects. In Ashwagandha, they contribute to its

sedative and calming effects.

o Key Alkaloids:

< Tropine: A compound that has a calming
effect on the central nervous system, aiding in
stress reduction [19].

«» Cuscohygrine: This alkaloid is thought to
have central nervous system activity,
contributing to Ashwagandha’s anxiolytic
effects.

e Pharmacological Actions of Alkaloids:

« Sedative and Anxiolytic: Tropine and
cuscohygrine help reduce anxiety and promote
relaxation, contributing to Ashwagandha’s
well-known stress-reducing properties [20].

+ Muscle Relaxant: The alkaloids may also act
as mild muscle relaxants, aiding in the
reduction of physical stress and tension.

c. Sitoindosides: Sitoindosides are a group of
withanolide glycosides found in Ashwagandha.
These compounds are believed to play a significant
role in the herb’s adaptogenic properties.

o Key Compounds:

+ Sitoindosides | and Il: These glycosides
contribute to the plant’s ability to balance
physiological functions during stress and
enhance immune function.

e Pharmacological Actions of Sitoindosides:

+« Adaptogenic: Sitoindosides help the body
adapt to stress by regulating metabolic and
hormonal balance [21].

< Immunomodulatory:  These  compounds
support immune system function by increasing
the production and activity of immune cells
such as T-cells and macrophages.

% Antioxidant:  Sitoindosides have shown
antioxidant  properties,  helping  reduce
oxidative stress in cells and tissues [22].

d. Flavonoids: Flavonoids are plant polyphenolic
compounds known for their antioxidant and anti-
inflammatory effects. Ashwagandha contains a
variety of flavonoids, especially in its leaves.

o Key Flavonoids:

« Quercetin: A flavonoid known for its strong
antioxidant properties, it helps protect cells
from oxidative damage and reduces
inflammation.

Kaempferol:  Another  flavonoid  with
significant antioxidant effects, contributing to
the overall health benefits of Ashwagandha.

7
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e Pharmacological Actions of Flavonoids:

< Antioxidant: Flavonoids scavenge free
radicals, reducing oxidative stress and
preventing cellular damage that can lead to
chronic diseases such as cancer and
cardiovascular disease.

< Anti-inflammatory:  They inhibit the
production of inflammatory mediators, helping
reduce inflammation and pain [23].

e. Fatty Acids: Ashwagandha contains essential

fatty acids, which are important for maintaining

cellular health and supporting metabolic functions.

o Key Fatty Acids:

+ Linoleic acid: An omega-6 fatty acid that
plays a crucial role in inflammation regulation
and skin health.

+ Oleic acid: An omega-9 fatty acid, known for
its anti-inflammatory properties and beneficial
effects on cardiovascular health [24].

e Pharmacological Actions of Fatty Acids:

< Anti-inflammatory: Both linoleic and oleic
acids help in reducing inflammation in the
body by modulating immune responses and
prostaglandin production.

+ Neuroprotective: Fatty acids like oleic acid
support brain health by improving blood flow
to the brain and supporting neuronal function
[25].

f. Essential Oils: Ashwagandha essential oil is

extracted from the roots of the plant. This oil

contains various volatile compounds, which
contribute to its antimicrobial and anti-
inflammatory properties.

e Key Compounds:

« Alpha-pinene: A compound with anti-
inflammatory and antimicrobial effects.

«+ Caryophyllene: A sesquiterpene that has anti-

inflammatory and analgesic properties [26].

Pharmacological Actions of Essential Oils:

Antimicrobial:  The essential oil of

Ashwagandha has been shown to exhibit

antimicrobial properties against a range of

pathogens, including bacteria and fungi.

% Anti-inflammatory: The volatile compounds
in the essential oil help in reducing
inflammation by modulating inflammatory
pathways [27].

®,
°

®,
*

3.2 Other Minor Constituents
e Vitamins and Minerals: Ashwagandha also
contains trace amounts of essential vitamins

(like Vitamin C) and minerals (such as iron
and calcium), which contribute to its overall
health-promoting effects.

e Tannins: These polyphenolic compounds have
antioxidant and antimicrobial properties.

e Lignans: Found in Ashwagandha, lignans have
shown potential in promoting hormonal
balance and reducing oxidative stress [28].

V. PHYTOCHEMISTRY OF
ASHWAGANDHA

Secondary plant metabolite separation and
characterization are crucial for the creation of novel
treatments for a range of illnesses. Several
chromatographic and spectroscopic analytical
methods, including column chromatography, gas
chromatography-mass  spectroscopy  (GC-MS),
liqguid chromatography-mass spectroscopy (LC-
MS), nuclear magnetic resonance (NMR), and X-
Ray diffraction study, have been used to isolate and
identify a large number of phytochemicals from W.
somnifera [29]. Numerous phytochemical analyses
have demonstrated the existence of distinct
bioactive components from different W. somnifera
sections. Steroid lactones, alkaloids, saponin,
flavonoids, tannin, starch, phenolic content,
carbohydrate, withanolides, sitoindosides,
anaferine, anahygrine, RB-sitosterol, chlorogenic
acid, cysteine, cuscohygrine, pseudotropine,
withanine, scopoletin, withananine, somniferinine,
somniferiene, tropanol, 14-B-hydroxywithanone,
and 6,7p-Epoxywithanon isolated
phytocompompouds, including withaniol, somnirol,
somnitol, withanic acid, phytosterol, ipuranol, and
alkaloids (such as somniferine, somniferinine,
withamine, withanmine, pseudowithamine, and
withanaminine, etc.) from the alcoholic leaf and
root extracts of W. somnifera.Withaferin-A was the
first withanolide to be isolated from W. somnifera.
There are other withanolides such as withanone,
withanolide-A, and withanolide-E. Tisopelletierine,
3o-tigloyloxtropine, cuscohygrine, hentriacontane,
visamine, and other reducing sugars, ducitol,
starch, iron, and some amino acids like glutamic
acid, cysteine, and tryptophan were all detected in
the methanolic leaf extract. Furthermore, the plant
has been shown to contain steroids such as
cholesterol,  diosgenin,  stigmastadien, and
sitoinosides VII-X [30]. From the methanol root
extract of W. somnifera, seven novel withanosides
glycosides, namely withanosides I-VII, and four
recognized compounds, including withaferin A,
50,200F  (R)-dihydroxy-6a,7a-epoxy-1-oxowitha-
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2,24-dienolide, physagulin D, and coagulin Q, were
identified [31].

V. PHARMACOLOGICAL EFFECTS OF

ASHWAGANDHA
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Adaptogenic Effects: Ashwagandha is most
commonly known for its adaptogenic
properties, meaning it helps the body adapt
to stress. It may reduce cortisol levels, the
hormone released in response to stress,
thereby promoting relaxation and reducing
anxiety [32].

Anxiolytic (Anti-Anxiety) Effects:
Ashwagandha has been shown to have
anxiolytic effects. Studies suggest it can
reduce symptoms of anxiety and promote a
calming effect, likely due to its influence on
the hypothalamic-pituitary-adrenal (HPA)
axis and its ability to modulate stress
hormone levels [33].

Anti-Inflammatory and  Antioxidant
Effects: Ashwagandha contains compounds
such as withanolides, which  have
demonstrated anti-inflammatory and
antioxidant activities. These compounds help
reduce oxidative stress in the body,
potentially benefiting conditions linked to
chronic inflammation, such as arthritis and
cardiovascular diseases [34].

Cognitive and Neuroprotective Effects:
Research indicates that ashwagandha can
have neuroprotective effects. It may enhance
memory, cognitive function, and
concentration. Some studies suggest it can
increase brain-derived neurotrophic factor
(BDNF), a protein associated with brain
health and neuroplasticity [35].

VI.

VII.

VIII.

Mood and Depression Regulation:
Ashwagandha has shown potential in
regulating mood and alleviating symptoms
of depression. Some studies have indicated
that it may increase serotonin and GABA
(gamma-aminobutyric acid) levels, both of
which play a role in mood regulation and
relaxation [36].

Hormonal Balance and Testosterone
Enhancement: In men, ashwagandha is
believed to support healthy testosterone
levels, potentially improving fertility and
sexual function. It may also aid in balancing
thyroid hormone levels, supporting both
hyperthyroid and hypothyroid conditions
[37].

Immunomodulatory Effects:
Ashwagandha has been shown to support the
immune system by stimulating the
production of white blood cells and boosting
overall immune function. This may
contribute to its ability to combat infections
and enhance general health [38].
Anti-Cancer Potential: Some preliminary
research suggests that ashwagandha may
have anti-cancer  effects, potentially
inhibiting the growth of cancer cells through
mechanisms such as apoptosis (programmed
cell death) and suppression of angiogenesis
(formation of new blood vessels that feed
tumors). However, more research is needed
to confirm these findings [39].
Cardiovascular Health: Ashwagandha has
been  associated  with  benefits for
cardiovascular health. It may help reduce
blood pressure, cholesterol, and triglyceride
levels, all of which are risk factors for heart
disease. Its anti-inflammatory properties also
contribute to a healthier heart [40].

Muscle Strength and Endurance: Some
studies suggest ashwagandha may improve
muscle strength and endurance. It is often
used by athletes to enhance physical
performance and recovery, likely due to its
effects on reducing stress and boosting
energy levels [41].

VI. CONCLUSION
Each and every portion of the

ashwagandha plant has equal significance. The idea
of "bioinspiration" is most appropriate for this
plant. This technique uses biological design to
create beneficial technologies for a range of

biological

activities, including antibacterial,
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antiviral, anti-inflammatory, and anti-cancer
properties. One of the most well-liked herbs,
ashwagandha is used as a traditional medicine
replacement with numerous established advantages,
including boosting immunity, stabilizing hormones
and metabolism, being inexpensive, and having few
negative effects. Ashwagandha has been
demonstrated to provide a number of health
advantages, including lowering stress and anxiety,
enhancing mental health, improving athletic
performance, increasing testosterone, lowering
blood sugar, reducing inflammation, and improving
memory and sleep. Ashwagandha has been shown
in about 69 research to be fully safe and helpful in
managing a wide range of health issues.
"Ashwagandha is the vector for managing the
quality of life," it can be concluded.

VII. FUTURE OUTCOME

Ashwagandha-based nanoparticles offer a
lot of promise for use in consumer goods and
cosmetics as well as medicine. Thus, "green-
nanotechnology" offers a way to study this plant for
improved outcomes. Furthermore, more research is
required to determine how the active molecules
found in extracts attach to the surface of MNPs and
whether the compounds contain actual molecular
active groups. It is necessary to address the MNPs'
long-term effects on the environment, animals, and
humans as well as their in vivo toxicity. It is
anticipated that future studies will improve the
application of green synthesis for the advancement
and development of human society. To establish
the stereotype of the plant-based treatment, much
study is required.
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