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Abstract 

Withania somnifera, commonly known as Ashwaganda, is an important medicinal plant for a 
long time. Roots, seeds and other parts of Ashwaganda have clinically important 
pharmacological properties. The phytochemicals present in the plant include flavonoids, 
alkaloids, phenols and withanolids which make it useful in treatment of cancer, cardiovascular 
diseases and diabetes. Withania somnifera possess anti-inflammatory, anticancer, antioxidant, 
antimicrobial and anti-aging activities. Nanobiotechnology is an emerging field as 
nanoparticles allow targeted and controlled drug delivery. Green synthesis of nanoparticles 
involves the use of plants for their ability to reduce harmful impacts associated with chemically 
synthesized nanoparticles. The green synthesis approach has been applied for the synthesis of 
nanoparticles form plant extracts obtained from Withania somnifera. Silver, gold, selenium, 
platinum and many more nanoparticles have been synthesized by mixing the root extracts of 
Ashwaganda and metal salts. Another approach involves the use of plant extracts encapsulated 
in niosomes and in combination with solid lipid nanoparticles which is pharmacologically 
helpful. The nanoparticles from Withania somnifera utilize anti-inflammatory, anticancer, 
antioxidant, antimicrobial and anti-aging activities of Ashwaganda and help in targeted 
delivery of the drug. The plant-based nanoparticles show better characteristics including 
bioavailability, solubility and improved shelf life. This approach can be developed further for 
agricultural and technological uses like sensors and imaging technology. 
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Introduction 

Withania somnifera, a well-known medical 
herbal plant commonly known as Winter 
Cherry and Ashwaganda, belongs to the 
family Solanaceae and is widely distributed 
worldwide [1 - 3]. The ancient doctors 
utilized different parts of Withania 
somnifera in Ayurvedic medicine to treat 

various diseases because of its 
pharmacological properties like anticancer, 
immunomodulatory, antioxidant, anti-
inflammatory, putative anti-diabetic and 
anti-stress [1, 4 - 5]. Withania somnifera 
nanoparticles have gained attention due to 
its wide range of pharmacological 
properties to describe the precise cellular, 
physiological and molecular processes [6]. 
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A nanoparticle is a small material with a 
diameter of 1 to 100 nm, invisible to the 
naked eye [7]. Nano-sized particles possess 
enhanced physiochemical and structural 
characteristics, making them a potential 
marker for the detection and diagnosis of a 
particular disease [8]. 

Withania somnifera nanoparticles play an 
important role for the protection of neurons, 
reduction in oxidative stress and 
enhancement of cognitive mechanisms in 
Alzheimer and Parkinson diseased patients 
[9]. In insomnia patients, it helps to reduce 
the induction of sleep by lowering the stress 
and improves the quality of sleep [10]. The 
different parts of Ashwaganda such as 
roots, seeds and fruit or berries have gained 
recognition for their pharmacological 
activities [9 - 10]. 

The root extracts of Withania somnifera are 
extensively explored for its 
pharmacological properties, such as 
antioxidant, immunomodulatory, 
anticancer, anti-inflammatory properties 
and adaptogenic actions [5, 11]. The plants 
anticancer activity inhibits the growth of 
new blood vessels, leading to the 
suppression of tumor growth [14]. It also 
has a cytotoxic impact on cancer cells by 
triggering apoptosis resulting in death of 
cancer cells. Withania somnifera could be 
used for treating different cancer as it has 
proved to be safe for human use and has 
demonstrated potential therapeutic 
effectiveness in pre-clinical studies 
involving different molecular pathways 
[15]. 

The antioxidant activity of the extracts 
helps to reduce the oxidative stress and 
protects the DNA from the damage caused 
by cancer cells [16]. Moreover, the 
adaptogenic action of the roots assists in 
stress management and enhancing the 
overall wellness by regulating the HPA 
(hypothalamic-pituitary adrenal)  axis, 
which controls the body's response to stress 
[17]. Adaptogenic action helps to maintain 

hormonal balance, minimize the harmful 
effects of prolonged stress and reduce 
levels of stress chemicals like cortisol [13]. 
Inflammatory effect reduces joint 
inflammation, decreases the release of pro-
inflammatory cytokines and can be used to 
treat the various inflammatory diseases 
[18]. Root powder of Withannia somnifera 
has the potential to control the level of 
hormones in diseases linked to 
hypothyroidism [19]. 

Withania somnifera has been found to 
exhibit excellent anti-inflammatory, anti-
arthritic and analgesic activities in both in 
vitro and in vivo models through 
mechanisms such as inhibition of pro-
inflammatory cytokines, reduction of ROS 
(reactive oxygen species) and 
metalloproteinase-8 levels and inhibition of 
NF-kB activity [20]. The aqueous root 
extract of Withannia somnifera (WSAq) 
showed anti-inflammatory activity in 
Collagen induced Arthritic (CIA) rats 
which was demonstrated by decrease in the 
concentration of pro-inflammatory 
cytokines and increase in IL-10 
concentration [21]. The roots of Withania 
somnifera contain biological compounds 
such as flavonoids, alkaloids and 
withanolides which contribute to the anti-
inflammatory and anticancer properties 
[22]. The two phytochemicals, flavonoids 
and alkaloids causes apoptosis of cancer 
cells, inhibiting their division and 
proliferation [23]. 

The fruit of the Withania somnifera plant 
have gained attention for their 
immunomodulatory, anti-inflammatory, 
hepatoprotective, anticancer, and 
antioxidant properties [20, 22]. Bioactive 
compounds such alkaloids, flavonoids, 
sterol, withanolides and phenolic 
compounds contribute to the attractive 
properties of Withania somnifera [25]. The 
antioxidant property of the fruit helps to 
reduce the oxidative damage to cells by 
acting as a free radical scavenger and 
Reactive Oxygen Species (ROS) protector 
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[26]. Different antioxidant assays, such as 
the Ferric Reducing Antioxidant Power 
(FRAP), thydroxyl radical scavenging 
assay and the 2,2-diphenyl-1-picrylhydrazy 
radical (DPPH) scavenging assay aid in the 
antioxidant potential of the fruit of 
Withannia somnifera plant [27]. 

The seeds of the Withansia somnifera plant 
are well-known for their medicinal 
properties [28]. They contain bioactive 
substances such as fatty acids, sterols, 
alkaloid and withanolides which provide 
adaptogenic and anti-stress  properties [29]. 
Withanolides work on enzymes and 
receptors, overcoming the symptoms of 
stress and enhancing general wellbeing 
[30]. Adaptogens increases resistance to 
stress, promote homeostasis and control the 
production of hormones, and 
neurotransmitter associated with stress 
[31]. Andtogens help to initiate adaptive 
stress response by stimulating cellular and 
organismal defense systems [32]. Withania 
somnifera seeds have anti-diabetic and 
immunomodulatory properties [4]. The 
seeds have been found to improve insulin 
sensitivity, blood sugar levels and lesson’s 
diabetes-related problems. 

Withania somnifera has been used for 
treating diabetes mellitus (DM) [33]. 
Withania somnifera seeds can stimulate the 
immune system by stimulating the 
production of immune cells like 
macrophages and T-lymphocytes [32, 33].  

 
Figure 1. Parts of Withannia plant having 
various medical properties. (A) Plant Roots 
(B) Plant Flower (C) Plant Seeds  

Withania somnifera extracts can boost the 
immune response by modulating both the 
innate and adaptive immune systems [36]. 
The seed extracts modulates the synthesis of 
immune mediators such cytokines, thereby 
controlling immune responses and immune 
function [37]. Due to potential applications 
and uses of Withania somnifera, it is a 
potential plant for green synthesis of 
nanoparticles for various advantages. This 
review is based on the study of stable 
nanoparticle synthesis from Withania 
somnifera plant and various nanoparticles 
using phytochemicals from Withania 
somnifera. 

Pharmacological activities of Withania 
somnifera 

Withania somnifera has the ability to 
synthesize various phytochemicals, which 
are biologically active and advantageous 
substances [38]. Withania somnifera 
produces a variety of phytochemicals 
including terpenoids, alkaloids, lignans, 
saponins and flavonoids [39]. Withania 
somnifera is benefitted from these 
phytochemicals by protection from 
environmental stressors including 
infections, insects and UV radiation, and 
providing attractive properties including 
flower color and many more [40]. 

Withania somnifera linked therapeutic 
effect is also linked to phytochemicals 
synthesized by the plant [41]. [42] studied 
and reported the efficacy of Withania 
somnifera produced phytochemicals 
against Myocbacterium tuberculosis. A 
study reported the presence of withanoside 
IV, 12-Deoxywithastramonolide, 
withaferin A and withanolide A which were 
responsible for biological activity of 
Withania somnifera [43]. Another study 
reported the presence of caffeic, ferulic and 
benzoic acids along with withaferin A, 
withanone, and withanolide A in the leaves, 
roots and stem of Withania somnifera with 
a concentration of 4 grams [44]. Withaferin 
A demonstrates a broad spectrum of 
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pharmacological actions, such as anti-
inflammatory, anti-stress and antioxidant 
[45]. Withaferin A also modulates that how 
the body responds to stress by controlling 
hormones associated with stress and 
nervous transmitters [46]. Withanolide D 
has demonstrated to suppress the growth 
and proliferation of a variety of cancer cells 
in different tissues including colon, lungs, 
prostate and breast [47]. 

Flavonoids including Rutin and Quercetin 
produced by Withania somnifera contribute 
to the  antifungal and antibacterial activity 
of the plant [48]. Flavonoids in conjugation 
with phenolic compounds show scavenging 
of free radicals, hence, giving Withania 
somnifera antioxidant activity [49]. Rutin 
in Withania somnifera has shown some 
protective effects against 
neurodegenerative disorders by lowering 
oxidative stress-related brain inflammation 
and damages [50]. Recent studies have 
shown that Withania somnifera can provide 
neuroprotection by altering numerous 
cellular and molecular pathways involved 
in neurodegenerative diseases [50]. 
Withania somnifera  nanoparticles have the 
ability to removes protein clumps such as 
beta-amyloid plaques in Alzheimer's and 
alpha-synuclein aggregates in Parkinson 
disease, which are clinical hallmarks of 
neurodegenerative disorders that cause 
neuronal malfunction and cell death [51]. It  
also shows prospective cardiovascular 

advantages by enhancing endothelial 
function and lowering blood pressure [52]. 

Alkaloids produced by Withania somnifera 
belong to organically produced nitrogen 
containing chemicals [53]. Numerous 
alkaloids in Withania somnifera has been 
investigated for its potential 
neuroprotective properties [5, 7]. 
Somnferine is an important alkaloid which 
has neuroprotective properties and 
withanine has antioxidant activity, hence, 
decrease the buildup of amyloid-beta 
peptides that develops the Alzheimer’s 
disease [7, 52]. Different phytochemicals 
show various therapeutic activities, which 
makes Withania somnifera a successful 
medical compound and a potential 
nanoparticle approach for improved 
therapies. Table 1 summarizes different 
phytochemicals present in Withania 
somnifera and their individual therapeutic 
effects. 

Green synthesis of nanoparticles from 
Withania somnifera 

Nanotechnology involves the manipulation 
of substances at nanoscale, ranging from 
one to hundred nanometers, to create 
nanoparticles with unique characteristics 
[55]. Nanoparticles have a small size and 
large surface area-to-volume ratio 
compared to the bulk materials, resulting in 
improved physicochemical properties [56]. 

Table 1: Phytochemical composition of Withania somnifera 
Phytochemical Compound Therapeutic Effect Reference 

Withanolids 

Withanolide D Anticancer [47] 

Withaferin A 
Anti-inflammatory 

[43] Anti-stress 
Anti-toxic 

Flavonoids 

Rutin 
Antioxidant 

[50] 
Anti-inflammatory 

Quercitin 
Anti-stress 

[48] Anti-toxic 
Biological Modifier 

Phenolic Compounds 
Caffeic acid Anticancer [44] 
Gallic acid Anti-toxic [44] 

Alkaloids 
Withanine Anti-inflammatory [54] 
Somniferine Neuroprotection [54] 
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Green synthesis of nanoparticles refers to 
the use of natural plant extracts for the 
synthesis of nanoparticles for further 
applications [57]. Nanoparticles 
synthesized by green synthesis offer a 
reduced risk which is posed by artificial 
chemicals [58]. Phytochemicals produced 
by Withania somnifera are used in 
therapeutic nanoparticles produced by the 
plant and also allows stable synthesis of 
nanoparticles [56 - 57]. Plant extracts are 
used as reducing and stabilizing agents 
during a process called plant extract-
mediated synthesis to create nanoparticles 
[60]. 

Plant-extracted nanoparticles are stabilized 
by the biomolecules of the plant which 
include proteins, polyphenols and 
flavonoids [61]. The stabilizing 
biomolecules constitute of variety of 
functional groups including amino group, 
hydroxyl group and carboxyl group which 
interact with the surrounding molecules and 
form stable nanoparticles [62]. The 
stabilizing interactions between 
biomolecules and surrounding molecules 
include electrostatic attraction forces, 
hydrogen bonds and Van der Waal forces 
[61 - 62]. 

Characterization of green synthesized 
nanoparticles 

The characterization of nanoparticles after 

plant-based synthesis is important 
todetermine the size and surface area : 
volume ratio of the nanoparticles to ensure 
their efficacy [65]. For nanoparticle 
characterization various techniques are 
used: Transmission Electron Microscopy 
(TEM), X-Ray Diffraction (XRD), 
Scanning Electron Microscopy (SEM), 
Fourier-Transform Infrared Spectroscopy 
(FTIR) [65]. Transmission Electron 
Microscopy (TEM) helps in the analysis of 
nanoparticle morphology and distribution 
[66]. X-Ray Diffraction (XRD) is an 
important technique which helps in the 
understanding of crystalline structures and 
determines the arrangement of atoms 
within the structure of nanoparticles [65 - 
66]. Along with the physical arrangement 
of atoms in the nanoparticles, XDR allows 
the chemical behavior prediction of the 
nanoparticles [69]. Scanning electron 
microscopy (SEM) is a potent imaging 
method used to examine the surface 
topography and morphology of 
nanoparticles [70]. Fourier-Transform 
Infrared Spectroscopy (FTIR) method is 
frequently used to examine the  functional 
groups that are present on the surface of 
nanoparticles, it offers important details  
about the molecular makeup, bonding 
properties and chemical makeup of the 
nanoparticles [71]. Table 2 shows the basic 
nanoparticle characterization techniques 
and their resulting predictions. 

Table 2: Techniques for characterization of plant extracted nanoparticles 

Technique Prediction References 

TEM (transmission electron microscopy) 
Morphological 
characteristics 

[66] 

XRD (X-ray diffraction technique) 
Atomic arrangement 

[65 - 67] 
Chemical behavior 

SEM (Scanning Electron Microscopy) 
Topological characteristics 

[70] Morphological 
characteristics 

FTIR (Fourier-transform infrared 
spectroscopy) 

Topography 
[71] 

Morphological characteristics 



DOI:                                        NUST Journal of Natural Sciences, Vol. 9, Issue 4, 2024 

_______________________________________________________________________ 
Withania somnifera as a potential nanomedicine: A review 

Properties of Withania somnifera-based 
nanoparticles 

As reported in numerous studies, Withania 
somnifera possesses a number of 
phytochemicals which make it a useful 
therapeutic plant. These therapeutic 
properties help in the green synthesis of 
efficient nanoparticles from Withania 
somnifera which pose reduced risk to the 
body. The nanoparticles exhibit anticancer, 
antioxidant, anti-inflammatory, 
antimicrobial and antiaging activites of 
Withania somnifera plant. Table 3 
summarizes some important nanoparticles 
derived from Withania somnifera and their 
therapeutic properties. 

Table 3. Therapeutic properties exhibited 
by Withania somnifera-derived 
nanoparticles 

Nanoparticle 
Therapeutic  
properties 

References 

Selenium 
Anticancer 

[72] 
Antioxidant 

Zinc and Zinc 
Oxide 

Anticancer 
[73] 

[74] 

Anti-diabetic [75] 

Silver 

Cytotoxic [76] 

Antioxidant [77] 

Antimicrobial 
[78] 

[79] 

Gold Anticancer [80] 

Titanium 
dioxide 

Anticancer 
[81] 

Cytotoxic 

Copper and 
Copper 
Oxide 

Antioxidant [82] 

Antibacterial [83] 

Withania 
somnifera in 
conjugate 
with lipid 
nanoparticles 

Anti-aging [84] 

Carbon 
quantum dots 

Antimicrobial [85] 

Platinum Anti-diabetic [86] 

Anti-cancer activity 

Nano-particle derived from Withania 
somnifera has demonstrated tumor-
suppressing potential and metastasis in 
various types of cancer such as liver, breast, 
lung and colon [6]. Withania somnifera-
associated nanoparticles activate apoptosis-
linked signaling pathways, including cell 
death and preventing cancer cell growth 
[45]. These nanoparticles have the ability to 
alter the expression of the B-cell lymphoma 
2 family of proteins, which control 
apoptosis [87]. Withania somnifera 
nanoparticles lead towards cell cycle arrest 
at G0/G1, S, and G2/M phases, preventing 
cancer cells from uncontrolled 
multiplication and division [88]. Withania 
somnifera-linked nanoparticles can also 
block angiogenesis, a process crucial for 
tumor growth, by inhibiting the activity of 
Vascular Endothelial Growth Factor 
(VEGF), a key regulator of angiogenesis 
[89]. 

Withania somnifera has been used for the 
synthesis of selenium nanoparticles, which 
exhibit anticancer activity [72]. Withania 
somnifera-associated selenium (Se) 
nanoparticle synthesis was carried out by 
mixing plant leave extract with selenious 
solution. Recent study reported that 
selenium nanoparticles derived from 
Withania somnifera improves the sperm 
quality in diabetic mice [90]. Zinc oxide 
(ZnO) nanoparticles produced from roots of 
Withania somnifera have been reported to 
be efficient against breast cancer cell lines 
because of their anti-tumor potential [73]. 
[80] reported and studied Withania 
somnifera coated gold (Au) nanoparticles 
to treat triple-negative breast cancer cell 
line MDA-MB-231. [81] synthesized 
phytomediated green titanium dioxide 
(TiO2) NPs from Withania somnifera root 
extract, which significantly reduced the 
viability of HepG2 in invitro and can be 
used to treat liver cancer. Green 
synthesized zinc nanoparticles from 
Withania somnifera extract showed 
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anticancer properties when tested on Hela 
cell lines [74]. 

Antioxidant activity 

The antioxidant activity of Withania 
somnifera nanoparticles has been 
investigated due to its importance in 
preventing damage caused by oxidative 
stress [91]. Withania somnifera 
nanoparticles have been found to neutralize 
free radicals and decrease oxidative 
damage, while also increasing enzyme 
antioxidant activity [90 - 91]. Animal 
studies have shown that Withania 
somnifera can significantly reduce 
oxidative stress markers and strengthen the 
cellular antioxidant defense mechanism 
[94]. Withania somnifera in combination 
with Camellia sinensis shows synergetic 
antioxidant activity [95]. 

Withania somnifera exhibit antioxidant and 
antibacterial activity which makes it helpful 
in the synthesis of copper (Cu) 
nanoparticles [83]. Copper oxide (CuO) 
nanoparticle treated plants showed 
significantly higher polyphenols and 
corresponding antioxidant activity at 20 
DAT [82]. [83] with the help of DPPH 
assay found that synthesized copper 
nanoparticles exhibit good antioxidant 
potential. Withania somnifera alone and in 
combination Rodiola imbricata have been 
used for green synthesis of silver (Au) 
nanoparticles because of their cytotoxic, 
antioxidant and catalytic activities [74 - 
75]. Selenium (Se) nanoparticles has 
significant antioxidant activity and 
antibacterial potential to treat diseases 
caused by bacteria [72]. 

Anti-aging activity 

Withania somnifera nanoparticles have also 
found to show anti-aging effects [34]. 
Oxidative stress occurs when the 
production of ROS exceeds the body’s 
antioxidant defense mechanisms, leading to 
cellular deterioration and accelerated aging 

[96]. These nanoparticles stimulate 
collagen production, improve cell viability 
and proliferation, reduce DNA damage, 
and reduced oxidative stress [97]. As a 
result, Withania somnifera nanoparticles 
may have potential benefits for skin health 
and anti-aging. 

[98] found that extracts of Withania 
somnifera can improve skin conditions as 
well as the quality of life in photoaged 
healthy individuals. A study was carried out 
with niosomes encapsulating Withania 
somnifera extract and solid lipid 
nanoparticles which showed the delivery of 
important phytochemicals including 
withaferin A and withanolide A to 
important layers of skin [84]. 

Anti-inflammatory and anti-microbial 
Activity 

Withania somnifera-derived nanoparticles 
are gaining interest due to their potent anti-
inflammatory and immunomodulatory 
properties as a therapeutic agent [99]. 
These nanoparticles can modulate 
mediators and pro-inflammatory cytokines, 
controlling their production and dissolution 
[100]. Nano- particles have the ability to 
decrease the levels of pro-inflammatory 
cytokines, which are linked to a variety of 
inflammatory illnesses [101]. By targeting 
the nuclear factor-kappa B (NF-κB), a 
transcription factor involved in 
inflammation, Withania somnifera can 
suppress its activation and subsequently 
reduce the expression pro-inflammatory 
genes [100, 101]. Cytotoxic properties of 
Withania somnifera have been used in 
Titanium dioxide (TiO2) nanoparticles 
against HepG2 cell lines [81]. 

The antimicrobial activity is mainly 
associated with damaging the cell wall 
components of microbial cell [104]. Silver 
(Ag) nanoparticles extracted from Withania 
somnifera have shown antimicrobial 
activity by binding with penicillin-binding 
protein class IV of bacterial cell wall [78]. 
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The green synthesized silver (Ag) 
nanoparticles demonstrated a wide range of 
antibacterial activity against both gram-
positive and gram-negative bacteria [79]. 
The silver nanoparticles interfered with 
multiple cellular functions, including 
growth, cell membrane damage, ROS 
generation and inhibiting biofilm. A recent 
investigation reported the efficacy and 
antiviral activity of carbon quantum dots 
extracted from Withania somnifera against 
SARS-CoV-2 pseudovirions [85].  [83]  
studied and reported that copper oxide 
(CuO) derived from the root extracts of 
Withania somnifera have a good 
antibacterial activity against 
Staphylococcus aureus. 

Anti-diabetic 

Withania somnifera possess anti-diabetic 
effect when studied on rats and plant extract 
obtained from the roots of Withania 
somnifera shows antidiabetic activity 
[105]. Withania somnifera root powder 
showed anti-diabetic activity in 
Streptozotocin-induced diabetic rats [106]. 
A systematic review of 25 reported studies 
showed effectiveness of Withania 
somnifera extract against diabetes mellitus 
as demonstrated in an in-vivo study by 
[107, 33]. Metal nanoparticles derived from 
Withania somnifera, hence, also exhibit 
anti-diabetic potential. [75] experimentally 
demonstrated that zinc oxide nanoparticles 
could be used to treat diabetic patients. A 
study conducted on streptozotocin-induced 
diabetic rats to investigate the effects of 
Withania somnifera nanoparticles on 
pancreatic β-cell dysfunction [108]. It was 
found that nanoparticles of Withania 
somnifera regulated blood glucose levels 
by improving insulin secretion and 
sensitivity of β-cells. Use of platinum 
nanoparticles synthesized from Withania 
somnifera against diabetes in rats have been 
reported [86]. 

Advantages of Withania somnifera-
derived nanoparticle over chemically-

derived nanoparticles 

Withania somnifera nanoparticles has 
recently gained significant attention for its 
potential in nanomedicine [109]. This 
medicinal herb has been found to offer 
various benefits for biomedical applications 
as well as other industries [110]. Withania 
somnifera-based nanoparticles exhibit good 
biocompatibility as they are synthesized 
from natural plant extracts and have little to 
no negative impact on the body [109]. 
Withania somnifera nanoparticles can 
extend the shelf life of pharmaceuticals and 
other bioactive chemicals by protecting 
them from environmental factors such as 
deterioration and oxidation [22]. 
Nanoparticle of Withania somnifera can 
also increase the bioavailability of 
bioactive substances due to their small size 
and large surface area, which enhances 
their dispersion and absorption [111]. This 
in turn, boosts the efficacy of bioactive 
substances. 

Withania somnifera nanoparticles have the 
potential to be used in a wide range of 
industries, including nanomedicine, 
industrial, and agriculture [112]. They can 
act as operational materials in industrial 
processes as well as provide effective 
delivery of drugs, imaging and diagnostics 
[113]. The bioactive substances found in 
Withania somnifera have range of 
therapeutic benefits, making it a widely 
recognized medical herb [11]. By 
formulating the bioactive substances into 
nanoparticles, their transport to the target 
areas is more efficient and their medicinal 
potential is maximized [114]. 

Emerging potential of Withania 
somnifera derived nanoparticles 

Plant-based nanomedicines have been a 
rising interest for many researchers because 
of their improved and targeted delivery 
[115]. Withania somnifera nanoparticles 
have a potential to improve drug stability, 
solubility, bioavailability and targeted drug 
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delivery to their specific target tissues, 
reducing the side effects [114 - 115]. 
Immunomodulatory, antioxidant, 
anticancer, anti-diabetic, anti-
inflammatory and many other properties of 
Withania somnifera makes it an important 
medicinal plant against cancer, 
cardiovascular diseases and immune 
diseases [4]. Due to therapeutic use of 
Withania somnifera, it exhibits an 
emerging potential as nanomedicine and 
green-synthesized nanoparticles [118]. 

To maximize their synergistic benefits, 
nanoparticles of Withania somnifera can be 
coupled to other medicinal products, such 
as chemotherapeutic medicines [5]. This 
combination will reduce the damaging side 
effects of chemotherapy against cancer. 
Since most of the therapeutic properties of 
Withania somnifera lies in roots, the root 
extract can be encapsulated in nanoparticles 
like niosomes for enhanced therapeutic 
effect because of its controlled release 
[119]. The human-based trials of various 
therapeutic Withania somnifera-based 
nanoparticles will lead to development of 
effective and cheaper medical therapies 
[120]. 

For the quick and sensitive detection of 
biomolecules like DNA, proteins or 
enzymes, nanoparticles of Withania 
somnifera can be used in biosensor 
technology [121]. Withania somnifera-
derived nanoparticles also possess 
technological potential. For the detection of 
various environmental contaminants, heavy 
metals or biological analytes, nanoparticle 
of Withania somnifera can be used as nano-
sensors [122]. In contrast to MRI (magnetic 
resonance imaging) and fluorescence 
imaging, nanoparticle of Withania 
somnifera are able to be functionalized with 
imaging agents like fluorescent dyes or 
magnetic nanoparticles [61]. 

Nanoparticles can be derived from 
Withania somnifera to achieve various crop 
management functions including crop 

growth, productivity and stress resistance 
[123]. Nanoparticles can enhance nutrient 
uptake, encourage plant growth, and offer 
defense against pests, diseases, and abiotic 
stressors when used as nano pesticides   
as   well   as   nano   fertilizers [124]. The 
soil can be decontaminated and its quality 
improved as a result of the nanoparticles' 
ability to attach to pollutants and aid in their 
extraction or breakdown [125].  
Nanoparticle of Withania somnifera have 
antibacterial and antifungal characteristics 
that can be used to combat plant diseases 
[126]. 

Conclusion 

Withania somnifera is a biologically 
important plant having various 
pharmacological, technological and 
agricultural applications. 
Nanobiotechnology is emerging in all the 
fields because of their ability of targeted 
and controlled delivery. Plant-derived 
nanoparticles are the best approaches to 
neutralize the harmful effect of chemically 
synthesized metal and non-metal 
nanoparticles. Withania somnifera root 
extracts have been used as anti-
inflammatory, antioxidant, anticancer and 
antimicrobials for a long time. These 
properties of Withania somnifera can be 
combined with nanoparticles for treatment 
of various diseases and disorders. In future 
this approach can also be used for the 
synthesis of regenerative medicines and 
personalized medicines which can reduce 
the harm to individuals. 
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