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An In-silico and Experimental Approach to Combat Microbial
Threats and Environmental Challenges: Nanoparticles and
phytochemicals of Withania somnifera

Abhishek Raj

ABSTRACT

For a long time, plants with healing powers have helped keep us healthy, and also still
see their impact on modern medicine. Withania somnifera is one of these plants, also
called Ashwagandha or Indian ginseng. It is a popular choice because it is good in
many ways -Anti-inflammatory, immune-boosting, and protective properties are
provided to the body by these phenolics, terpenoids, alkaloids, and glycosides present
in ashwagandha products. Ashwagandha’s bio-actives, such as Withanolides and
sitoindosides, provide much promise for fighting cancer and reducing stress, as well
as preserving the brain. It is used to synthesize eco-friendly zinc nanoparticles (ZnNPs)
as well. On UV-Vis spectrophotometer, ZnNPs shows peak at 222 nm with
corresponding absorbance of 4.4 AU. Microbial-killing nanoparticles; are used in
various fields for degrading dangerous dyes; for example, eosin.

Investing by the Petri Plate agar diffusion method showed that ZnNPs can inhibit
bacteria growth like Bacillus clausii. This study investigated the presence of an
inhibition zone around the ZnNPs. They also destroy organic pollution via a process
called photocatalysis. With the passes of time, the color of the dye became light or
disappeared which confirms the effects of ZnNPs on dye degradation. Moreover,
phytochemicals found in Ashwagandha have the power to help against a virus named
human adenovirus, which causes various illnesses in the human body like cold,
stomach flu infections and also causes inflammation in the brain and spinal cord which
1s most common in people whose immune system is not strong enough. This study
identified substances such as Viscosalactone B and Somniferine with -10.4 kcal/mol
and -9.9 kcal/mol docking score that exhibit their potential for drugs against the virus
through an in-silico approach called Molecular Docking which aims to study the
capacity of pHytochemicals to interact with crucial proteins. The result of this study
shows that phytochemicals derived from ashwagandha have a strong binding affinity
for proteins that are important in the context of Human Adenovirus and suggest a
favorable outlook for the development of novel therapeutic strategies.
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CHAPTER 1
INTRODUCTION

In prehistoric times, medicinal plants were very important to people’s health. Through
the centuries, such as medicinal herbs were used in curing various kinds of ills, relying
on an “Experience” that has been shared by all generations. These are commonly
utilized, either, within pharmaceutical and modern medicine production or as part of
conventional treatments as medicinal plants. These secondary metabolites are the main
reason behind their medicinal significance. As a defense mechanism that allows life
growth, these substances work as a natural arsenal to protect plants [1]. These
substances work as a natural arsenal to protect the plants. Some of the most important
compounds found in medicinal plants include terpenoids, flavonoids, alkaloids,
glycosides, phenolics, etc. This is illustrated by the fact that they are structural
elements of the drugs of great importance for modern medicine and widely used
dietary supplements [2]. There has been a rise in the highlight of W. somnifera, also
known as ashwagandha. The main quality of this herb that attracted many people is
that it reduces stress, increases mental focus, and raises the body’s energy levels.
Reports suggest that Ashwagandha may have anti-inflammatory properties, stimulate
Immune system activity, and act as an antibacterial agent [3]. Furthermore, it can be
used to treat obsessive-compulsive disorder (OCD) and protect the nervous system.
This is a specimen plant that contains many phytochemicals known to provide diverse
health benefits. These several elements are being investigated by researchers for
potential medical use. Several different Withanolides are primary metabolites with
wide-ranging effects on living organisms. For example; only a few out of many distinct
structural variations of Withanolides A-D have been reported so far. A side chain of C8
or C9, that contains a lactol ring as well as lactone—which might have six or five
members—is what distinguishes withanolides and steroids of the ergostane type. Thus
far, withanosides I through XI from W. somnifera have been found to have
neuroprotective, anti-stress, and anti-Alzheimer properties [4]. Withaferin, withanone,
withanolides, sitoindosides, and around 0.2% alkaloids are among the steroidal
lactones and ergostane found in the root extract. Much research on active
phytoconstituents has been carried out, which aids in giving a justification for the
development of drugs with improved pharmacological characteristics [5]. A high
concentration of the immune-modulatory chemical withanolide A and the anti-cancer
molecule withaferin A may be found in the roots and leaves, respectively. Wi-A
increased oxygen consumption and facilitated the development of pre-adipocytes into
brownish adipocytes. It has been demonstrated that Wi-A causes heat-shock protein
accumulation by preventing proteasome-mediated degradation, which leads to
thermotolerance [6]. With the aid of many separation techniques, various
phytochemicals like glucosides, glycosides, tannins, flavonoids, saponins, and
terpenoids taken from various sections of W. somnifera using various solvents,
including water, n-hexane, ethyl acetate, and aqueous methanol [7]. There are five
unidentified alkaloids (yield, 0.09%) recorded in the leaves, along with twelve
withanolides, several unbound proteins (a.a), glucose, condensed tannins, chlorogenic




acid, flavonoids, glycoside, and condensed tannins. Other compounds that can be
found in the roots are dulcitol, Withanolides, fragment oil, hentriacontane, alkaloids,
and steroids. These phytochemicals aid in scavenging free radicals and providing
protection against oxidative stress. They also contribute to the plant's anti-stress, anti-
aging, and rejuvenating qualities. These phytochemicals have analgesic, antimicrobial,
and antispasmodic effects[8]. According to research ashwagandha was utilized in the
production of various nanoparticles like Ag, TiO, Se, and ZnO. It has been noted that
ZnO nanoparticles can be produced biologically, which is less hazardous to the
environment than chemical production. Green synthesis is a rapid, affordable,
ecologically friendly process that yields a clean output. Precursors and nanoparticles
(NPs) of various sizes and forms made in large quantities from plants are not required
in green synthesis. ZnONPs are typically synthesized using leaves and flowers. ZnO
nanoparticles are made from WS root and leaf extracts [9].

Because of their antimicrobial and luminescent properties, zinc oxide nanoparticles
are used in nano-fertilizers, catalysis, plants, textiles, and precision medicine delivery.
Using a well-diffusion approach, antibacterial green synthesis for ZnNPs was assessed
against gram-negative bacterial strains. ZnNPs inhibit the growth of Bacillus clausii
bacteria [10]. Organic dyes are commonly employed in industries, food, medicines,
paper, and textiles. The discharge of pesticides, antibiotics, and colored compounds
into wastewater is primarily responsible for the global increase in pollution levels. Due
to the ability of nanoparticles to efficiently break down a variety of organic
contaminants, like dyes, in safe byproducts through a process known as photocatalysis,
nanotechnology has recently experienced a surge in all fields and is even said to treat
dye pollution. Among the most significant photocatalysts of NPs of metal and metal
oxide whose application in a breakdown of organic contaminants in safe final products
has grown significantly during the last few years [11].

Research on ZnO-NPs is done as a photocatalyst for degrading methylene blue (MB)
dye degradation process in mixed solar and UV light. ZnO-NPs, both pristine and
doped, were used in the photodegradation tests [12]. Several plant chemicals, like
glycosides, alkaloids, steroidal lactones (withaferin and withanolides), and saponins,
have been shown to have antiviral properties against a variety of viral infections,
notably hepatitis C, chikungunya, coronavirus, human adenovirus, and SARS-CoV-2
[13]. Human adenovirus has been linked to multiple ailments including pneumonial
infection, diarrhea, conjunctivitis, and neurological diseases. Since adenovirus are
excellent at transferring genes to different cell types, they can be used to create novel
therapies for illnesses including heart and cancer problems. Their potency is increased
by their ability to target both proliferating as well as non-dividing cells and by carrying
a lot of genetic material. Furthermore, they can be used to target certain organs of the
body for therapy [14]. Adenovirus are useful weapon for generating vaccines and gene
treatments, as well as for treating an array of illnesses. They replace defective genes
with functioning ones with genetic diseases. Additionally, adenoviruses serve as
vaccine carriers by expressing pathogen components that elicit potent immune
responses. Fascinatingly, the antiviral qualities of phytochemicals have been
demonstrated by medicinal plants. This demonstrates the possibility of improving
treatment choices by fusing cutting-edge medical procedures with all-natural
components [15]. To find novel drugs scientists commonly use in-silico techniques,
which integrate computer simulations and bioinformatics technologies. These methods




aid in identifying and verifying targets for the development of novel treatments. For
instance, it has been observed that withanolides, Viscosalactone B, Somniferine,
withaferin, and many more are potent antiviral agents. Molecular docking studies have
demonstrated the potent antiviral properties of these phytochemicals towards human
adenovirus [16]. The withanolides found in W. somnifera are remarkable due to their
potency. They might be very useful in nanotechnology, contemporary medicine, as
well as environmental clean-up. This is possible because of the simple fact that they
possess abilities to combat infections, and shield the body from injury, and dangerous
chemicals.




CHAPTER 2
REVIEW OF LITERATURE

2.1 W. somnifera and its Historical Utilization

W. somnifera is traditionally utilized as a medicinal herb, it is of utmost crucial within
conventional Indian, Chinese, and Unani healing practices for its exceptional ability
to enhance energy, rejuvenate the body and mind, and boost general physical and
mental health. This is because of the numerous bioactive components it contains such
as alkaloids, saponins, phenolic acid, Withanolides, and flavonoids [17]. The wide
variety of illnesses and the extensive array of therapeutic properties suggested by
traditional knowledge and current research make it an ideal solution. But to enhance
its potential use, a lot of research needs to be done to understand how it works to make
it work effectively as a medicine and optimize its therapeutic potential [18]. W.
somnifera has a high number of secondary metabolites and essential oils that are well
known for their medicinal benefits and aids. The important constituents include
Withanolides; which are a class of steroidal lactones that consist of withanolide D,
withaferin A, and withanone etc. these chemicals in ashwagandha contribute to many
health advantages like reducing anti-cancer, and inflammation, relieving stress or
being an antioxidant substance among others; this plant works wonders [19].

Classification of W. somnifera

Kingdom: Plantae
Phylum: Angiosperms
Class: Eudicots
Order: Solanales
Family: Solanaceae
Genus: Withania
Species: W. somnifera




Antiinflammatory w

Anti-diabetic

Neuroprotective

Analgesic ‘

Anti-tumor

Withanolides
Alkaloids

Anti-stress

Sitoindosides and
Acylsterylglucosides Antiviral

Fig. 1 Withania somnifera phytochemical components and medicinal advantages

L

Ashwagandha is one of the most effective herbs for managing stress because it helps
control the body’s response to changes in cortisol levels. When used as an adaptogen,
this herb decreases cortisol levels as a result of creating a relaxed mood. Ashwagandha
has neuroprotective effects that could be beneficial in cases when there are illnesses
like Parkinson's and other neurodegenerative disorders. It has the efficiency to slow
down the process of development for these conditions while boosting memory, and
generally, a cognitive ability that enables to preserve of mental sharpness and focus.
Also, it slows down anxiety and depression traits hence promoting mental wellness.
As a sign of easing mental stress or problems, ashwagandha can be taken. This will
help remembering and other mental processes [20]. In addition, this plant has
chemicals called Withanolides that are well known for their powerful anti-
inflammatory and antioxidant properties. It helps the heart stay healthy, boosts the
immune system, and stops cancer from spreading. Because it makes insulin work
better, ashwagandha also helps control blood sugar levels. As one of the most versatile
plants, it has been used for a long time. Its ability to improve semen is what makes it
such an important part of sexual health quality and balance of hormones [21]. The
focus of more recent research has been on. Ashwagandha also has other health benefits,
such as lowering stress, better mental health as well as better physical health. Its being
included in a regular routine has been linked to less stress and sadness, better sleep,
and better mental health. Strengthening muscles, better handling of stress, and faster
mending are some of the benefits. This word is used a lot as a part of a larger plan to
improve both physical and mental health. All of these chemicals come from W.
somnifera and are separated. The plant’s leaves and roots both have important
medicinal chemicals called Withanolides. They make up about 0.001% of the dry
weight of the plant.




Withanolides are a bunch of natural steroidal lactones that are distinguished by their
28 carbon atoms. They are derived from an ergostane skeleton, where the oxidation of
particular atoms of carbon, specifically C-22 as well as C-26, causes the creation of
lactone rings with either six or five members. Alternatively, these chemicals are known
as 22-hydroxy ergostan-26-oic acid -26, 22-lactone. This molecule can be identified
by the lactone or lactol ring on the C8 or C9 side chains. Additionally, the molecule
lactone ring can have 5 or 6 members also can join the carbocyclic portion of the
compound through a C—C bond or an O-bridge. Multiple elements formed from WS
are separated, including modified or structurally variant withanolides that induce
changes to the carbocyclic backbone or side chains. Examples of these compounds are,
withanolide A, withaferin A, withanolide D, and withanone. It is known that these
molecules have many oxygen atoms and can oxidize atoms of all of the carbon in the
steroid nucleus [18].

2.2 Phytochemistry and Biological Activity

Phytochemistry delves into the realm of chemistry by studying the chemical
compounds produced by plants. How they change over time. It’s a field, within plant
biology and biochemistry that looks into the characteristics, properties, makeup,
creation, and breakdown of plant-derived substances. Plants create phytochemicals to
boost their defenses against threats like fungi, bacteria, viruses, and insects.
Additionally, these compounds play a role in attracting pollinators ultimately aiding in
the plant's success [22]. These substances are divided into metabolites for growth and
secondary metabolites serving specific functions like protection and adaptation. The
use of herbs shows potential in treating serval forms of malignancy including, colon,
liver, prostate, lungs, breast, and cancers of the skin along, with ovarian carcinomas.
Medicinal plant extracts, along with their purified constituents known as
phytochemicals, have a substantial ability to prevent the growth of many types of cell
of cancer both in settings of laboratory (in vitro) and in organisms that are living (in
vivo) [23].

Phytochemicals exhibit considerable potential in the prevention and management of
microbial infections and wounds. Phytochemicals with anti-microbial, antioxidant,
and wound-healing properties promote blood coagulation, combat infection, and
expedite wound healing. Plants with a high concentration of polyphenols were found
to have significant properties for healing wounds. Phenolics enhance the healing of
wounds mostly because of their astringent, antibacterial, and ability to scavenge free
radicals. Polyphenolic components, such as flavonoids, can enhance wound healing by
exerting antibacterial and anti-oxidative effects. They achieve this by preventing lipid
peroxidation, which prevents cell damage and promotes the survival of collagen fibrils.
A significant number of individuals residing in underdeveloped regions of the globe
continue to rely on traditional medicine, particularly for wound treatment [24].
Chemically analysed different parts of the WS plant have yielded many products from
a wide range of chemical groups., Alkaloids (isopelletierine, anaferine) Steroidal
lactones (withanolides, withaferins), saponins with an extra fatty acid group




(sitoindoside VII and V1I1), and withanolides with fructose along with carbon twenty-
seven (sitoindoside X1 and X) are the chemical parts of WS that do biological work.
Because they seem like they might help with health problems, withanolides (steroidal
lactones) are being used in more and more medicine formulations. Due to the diverse
usage of several Withania species in Ayurvedic medicine for multiple purposes, there
has been a growing number of studies focusing on their biological effects. Moreover,
as this plant becomes more well-known and used, its popularity regarding dietary
additives present in the market is also growing. Chemicals and extracts derived from
the Withania species demonstrate remarkable activities that are biological in nature,
comprising antioxidant, antibacterial, anti-inflammatory, and chemo-preventive
properties. Additionally, its antibacterial abilities have been evaluated using the
diffusion disc test or minimum inhibitory concentration (MIC) [25]. Both fresh and
dry tubers and the leaves of WS exhibited elevated levels of antioxidant chemicals
[26]. The analysis of ashwagandha led to the separation of six bioactive chemicals:
Withaferin A, 12-deoxywithastramonolide, Withanolide A, Withanoside IV,
Withanoside V, and Withanolide B. These compounds belong to the classes of
withanosides, withanolides, and steroidal lactones. Withaferin A exhibited the greatest
antioxidant activity, cytotoxicity against cancer cells, and inhibition activity of the
enzyme compared to all of the compounds [27].

2.3 Withanolide of Withania somnifera

For more than three thousand years, Withanolides extracts through Withania
somnifera, utilized from ancient Unani and Ayurvedic Indian medicinal facilities in
many other Asian nations. Historically, the herb extracts, are attributed with various
pharmacologic qualities and associated medical applications, like adaptogenic, anti-
inflammatory,  diuretic,  soothing/anxiolytic, cytotoxic, antitussive, and
immunomodulatory. Withanolides are a collection of natural steroidal lactones that are
composed of several oxygen atoms. They are organized on a C28 ergostane skeleton.
Withanolides, which are structurally varied compounds, are usually categorized
according to the C-17 side chain’s arrangement. They can be divided into a main group
with a C-22 or C-26 d-lactone and lactol structure while a tiny group with a C-23 or
C-26 y-lactone along lactol structure, along with just several exceptions [28].

Withanolide A

Withanolide A belongs to the category of withanolides, which are organically produced
steroids that have an ergostane structure and are largely generated in genera of the
nightshade family. Producing withanolides within plants seems limited to species that
are few in the Solanaceae family, along with the highest quantities and structurally
diverse forms being discovered in W. somnifera. The plant's major withanolides,
including withanolide A & withaferin A - have proven to exhibit important and targeted
therapeutic effects in carcinogenesis, diseases like Parkinson’s, and even Alzheimer's.
Withanolide A extracted and refined into crystals which are white using ethyl acetate,
following previously documented procedures. Withanolide A is commonly found in




both the leaf tissue and the root system of the herbs/plants. Withanolide A extracted
through roots of W. somnifera utilizing preparative-scale repeated silica gel column
chromatography [29].
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Withanolide A has demonstrated neuroprotective properties in the CNS. It can reduce
neuroinflammation by blocking iNOS COX-2, NF-kB, and TNF-a in astrocytes.
Additionally, it demonstrates antioxidant characteristics that aid in safeguarding
against mitochondrial oxidative stress [30].

Withanolide B

Withanolide B is a naturally occurring molecule that is present in W. somnifera.
Important signaling pathways like Wnt/f and ERK1/2 involved in the process of
hBMSCs (human bone marrow-derived mesenchymal stem cells) could be encouraged
by Withanolide B. Withanolide B is a key constituent which provides many health
benefits such as neuroprotective, anti-arthritic, rejuvenation, and anti-cancer properties
[31].
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Withanolide B has the molecular formula C2sH3305 [32]. It inhibits the peroxidation
of lipids in model systems with large unilamellar vesicles [33]. New studies indicate
that withanolide B exerts favorable anti-cancer effects. One study determined that
withanolide B was capable of producing a process called apoptosis, or programmed
cell death, in the cells causing cancer. Additionally, withanolide B is also capable of
blocking the process of angiogenesis, which is the development of newly formed blood




vessels that feed tumors. These results underscore the perspective of withanolide B as
an anti-cancer natural chemical inhibition of crucial cell death and survival pathways
[34].

Withanolide C

Withanolide C is a naturally occurring compound taken from the herbal plant W.
somnifera. Its molecular formula C23H39CIO7, emphasizes how complex its structure
is. Studies have substantiated the high potential of this remedy in hampering the
development of cancerous breast cells, thereby endowing it as a potential treatment in
inhibiting the expansion of carcinoma cells, endowing a possible treatment for cancer-
fighting medication. This result opens up more exploration to utilize the therapeutic
effects of withanolide C in combating breast cancer and it raises hope by introducing
a better treatment strategy to deal with breast cancer [35].

A recent study reported the potential of withanolide C in inhibiting the proliferation of
cells that are causing breast cancer such as MCF7, MDA-MB-231, and SKBR3. Cells
upside are free to cancer-positive reactive oxygen species, repaired by apoptosis, and
DNA damage through the extra flow of compounds [36]. The compound displayed
greater potency, based on its capability to hamper the division of these breast cancer-
positive cell lines compared to normal breast cells. At the physiological level,
Withanolide C induces the activation of oxidative stress and DNA damage markers,
like 8-oxo0-2'-deoxyguanosine or YH2AX, in tumor cells. Pretreatment with the
antioxidant N-acetylcysteine prevented the growth inhibitory effects of Withanolide
C, supporting the notion that oxidative stress mediates this action of withanolide C on
cells of breast cancer, and hence confirming its favorable potential as a natural
bioactive small molecule with specific anti-proliferative effects on breast cancer cells.
These effects are most likely achieved by triggering oxidative stress and causing DNA
damage [37].

Withanolide D

Withanolide D is an organic chemical that is classified as a triterpenoid steroidal
lactone and is found naturally in the withanolide family. The chemical compound
withanolide D has the molecular formula CogH330s. It is extracted from the herb W.
somnifera. Research has investigated the influence of withanolide D, obtained from W.
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somnifera, on both drug-sensitive and drug-resistant multiple myeloma cells,
uncovering encouraging outcomes.

Withanolide D and Withaferine A are distinct compounds belonging to the withanolide
family, exhibiting dissimilar chemical structures. Withanolide D possesses
supplementary functional groups in its a and B rings, namely a 2(3)-en-1-one and a
hydroxy group located on the position of C-20. Conversely, Withaferin A does not
possess these groups but instead has a hydroxy group located at the C-27 position.
Studies have discovered that Withanolide D exhibits strong anti-cancer properties
against breast, ovarian, and leukemia cancer cells. It functions by impeding the
development of cancer cells, triggering programmed cell death, and generating DNA
damage and failure of cell division. Withanolide D accomplishes this by inhibiting
DNA repair pathways, specifically the non-homologous end joining (NHEJ) pathway.
This hinders the capacity of cancer cells to fix DNA breaks of double-strands caused
by radiation, ultimately resulting in their death [38].

Cuscohygrine

In the plant W. somnifera, there is a chemical called Cuscohygrine. It is one of the
plant’s primary alkaloids and is mostly utilized to distinguish between various
varieties[39], [40].

The natural substance Cuscohygrine is present in coca leaves. It serves as a
distinguishing factor between cocaine users and chewers of coca leaves[41].
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Viscosalactone B

Similar to withaferin A, viscosalctone B was investigated in an alcoholic extract of the
whole plant. Three hydroxyl groups are joined to carbon atoms 3, 4, and 27, in this
molecule. Moreover, it has a double bond at carbon 24 and an epoxy group between
carbon 6 and 7.

It has been investigated that Viscosalactone B is effective for the prevention of prostate
cancer cells. The anticancer B was examined using in-vivo experiments and molecular
docking analyses [42].

Anaferine

The herb Withania somnifera contains the bis-piperidine alkaloid anaferine. Numerous
investigations have been conducted on its synthesis and biological characteristics since
it was separated from the plant extract. Anaferine may be used to treat
neurodegenerative illnesses, according to in silico research [43].

Somniferous

Somniferine is an alkaloid found in Withania somnifera. It has been isolated from the
plant along with other alkaloids like somnine, withanmine, pseudowithamine,
withanaminine, somniferinine, and withamine [40].




12

It could help lower tension, promote relaxation, and perhaps help with anxiety
management, and also relax the neurological system [44].

2.4 Nanoparticle Synthesis from Green and Chemical Method

Nanoparticles (NPs) are currently in high demand in the commercial sector caused by
their extensive utilization in environment, production, energy, and particularly in the
field of biomedical. Due to the toxicity of numerous created nanoparticles, it is
necessary to develop techniques for producing harmless nanoparticles, such as those
derived from plants. Extracts derived from plants contain various compounds like
flavonoids, a.a., polysaccharides, proteins, enzymes, polyphenols, steroids, and sugars
which are reducing in nature. These compounds help in the process of reducing,
forming, and stabilizing nanoparticles. Plants include many compounds and chemicals
that are biological in nature and may effectively be used in the production of organic
NPs. The synthesis which is based on plant processes possesses characteristics such as
environmental friendliness, lack of toxicity, cost-effectiveness, and greater stability in
contrast to alternative biochemical, chemical, and physical alternatives [45]. The
development and production that is plant-based NPs are classified into three groups,
viz. intracellular, extracellular, and phytocompounds. Utilization of plant extracts for
nanoparticle synthesis is a cost-efficient method that results in increased production
yields. The presence of numerous phytochemical components in the plant extracts is
responsible for this phenomenon. These components serve as eliminating and
anchoring substances, transforming metallic 1ons into metal NPs [46]. Metal and metal
oxide NPs synthesized from the green method, are more frequently used in various
biomedical applications, including, wound healing. regenerative medicine,
diagnostics, immunotherapy, tissue treatment, dentistry, and biosensing platforms. The
implementation of organic synthesis is crucial to avert the generation of undesirable
as well as detrimental products via building reliable, viable, and eco-friendly
techniques. To accomplish these objectives, it is essential to utilize optimal solvent




13

systems and organic components, which are natural resources. Biological elements
such as microbes, mold, algae, and botanical extracts are used in the green
manufacturing of metallic nanoparticles. The extraction of plant compound use is a
direct and effective approach for manufacturing nanoparticles on a massive scale, in
contrast to the utilization of microbes or fungus for synthesis. Biogenic nanoparticles
refer to a group of nanoparticles[47]. Green synthesis techniques utilizing organic
components rely on several reactivity variables, such as solution, heat, pressure, and
pH level (highly acidic, neutral, or basic). The diversity in plants is extensively
employed in the production of metallic and metallic oxide NPs because of the presence
of potent phytochemicals from various plant compounds, especially in leaflets. The
phytochemicals mentioned like flavonoids, ketone bodies, aldehydes, amides,
terpenoids, carboxylic acids, ascorbates, and phenols can transform salts of metal into
metal nanoparticles[48].

ZnNPs: ZnNPs were accomplished by leaflet and other parts extracts of W. somnifera.
The ZnNPs were examined at 350-400 nm wavelength range via UV-vis
spectrophotometer within the wavelength range of 350-400 nm[9]. Zinc nanoparticles
are highly significant in research studies or manufacturing when contrasted with
different metallic oxide NPs due to their excellent characteristics and extensive
utilization. It possesses remarkable chemical, thermal, and optical characteristics.
ZnNPs uncover applicability in several fields such as detectors, solar energy
conversion, cosmetics, catalysis, textiles, paints, and medicine delivery. This is
because they possess antimicrobial properties and exhibit luminescence.

Table 1. Antibacterial Mechanism of Nanotechnology-Enabled Withania
Somnifera-Based Nanoparticles Against Target Pathogens

Nanotechnology Target Organism Antibacterial Reference
Enabled  Withania Mechanism
Somifera-based (Pathogens)
Nanoparticle
Silver nanoparticle E. coli, Degrade the cellular | [49], [50]
(AgNPs) Staphylococcus membrane, causes
aureus harm to DNA, and
impairs electron
transport.
Gold nanoparticles Pseudomonas The phenomena [51], [52]
(AuNPs) aeruginosa, Bacillus involved include
subtilis, strong electrostatic
Enterococcus attraction, the
faecalis, buildup of charge at
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the surfaces of cells,
and the interaction
with the cell

membrane.
Zinc oxide Candida albicans, Causes a rupture of [53], [54]
nanoparticles Klebsiella the cell membrane,
(ZnONPs) pneumoniae infiltrates the cell,
and generates
harmful H>O,.
Iron oxide E. colj, The liberation of [55]
nanoparticles Salmonella typhi Reactive Oxygen
(FeONPs) Species (ROS)

leads-degradation of
the microbe cell
membrane and the
aberration of
metabolic processes.

Titanium dioxide Staphylococcus It causes harm to [56]
nanoparticles aureus, cell membranes and
(TiO2NPs) Pseudomonas produces reactive
aeruginosa oxygen species

2.5 Environmental Impact of Nanoparticle

Nanoparticles are employed for preconcentrating and segregating contaminants from
environmental sources. The solid phase extraction technique is currently the most
commonly employed approach for removing and separating hazardous metal ions and
organic molecules. Lately, there have been publications discussing the use of NPs like
Al203, Ti02, ZrO2, Ce02, and MnO, to enrich and separate adsorption capacity and
organic compounds in sample solutions. NPs possess distinctive characteristics
including significant surface area, large capacity of adsorption, and the capability to
be modified at low temperatures. As a result, they show great potential as solid-phase
extractants and are effective in removing contaminants through scavenging
mechanisms. Nanoparticles of silica, titania, zirconia, and magnesia that have been
chemically changed are enhanced effectiveness, highly selective, and improved
efficiency in the beforehand of contaminants [57]. The biomedical sector is
increasingly utilizing green-produced metal and metal oxide nanoparticles for various
applications such as testing, wound care, tissue therapy, vaccinations, reconstructive
medicine, dental hygiene, and sensing platforms. Cerium oxide nanoparticles made
using green methods possess potential capabilities such as photocatalytic color
degradation, antioxidant activity, antidiabetic effects, anti-cancer effects, antibacterial
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effects, and antifungal effects. Silver nanoparticles are a novel and developing area of
research focused on combating dangerous microorganisms. Silver nanoparticles are
utilized to degrade the cellular membrane of organisms and disrupt the entire
manufacturing process [58]. The structure and dimensions of silver nanoparticles are
crucial factors in reacting to different dyes, facilitating photocatalytic destruction, and
enhancing the efficiency of treating wastewater. Iron nanoparticles are employed to
eliminate cadmium from the water supply. The plant-facilitated production of selenium
NPs eliminates the heavy metal from polluted solution, with the effectiveness being
influenced by the dimension and form of the NPs. Moreover, green-synthesized
selenium nanoparticles effectively eliminate heavy metals such as zinc, copper, and
nickel from soil. Furthermore, a separate study has demonstrated the efficacy of
selenium nanoparticles in removing elemental mercury from both soil and air. Copper
nanoparticles were effective in reducing the breakdown of hazardous dyes (like Congo
red methyl orange, and azo dyes,) in water [59]. NPs can be used as substitutes for
pesticides to control and manage plant diseases. Additionally, they function as efficient
fertilizers that are environmentally safe and can enhance agricultural yield. There are
several reasons why different NPs are used in bioremediation. One reason is that the
surface is at the nanoscale and the material per unit mass rises. This means that a
greater quantity of the substance interacts with the adjacent ingredients, which affects
sensitivity [60].

Table 2: Applications and Benefits of Various Nanoparticles in Environmental
and Agricultural Sectors

Application Nanoparticle Benefits Reference
Used
Water Treatment Fe304,Zn0, Ag Removal of heavy [61]

metals, dyes, and
pathogenic; high
adsorption
capacity; catalytic
properties
Soil Remediation Fe304, TiO2 Immobilization of [62]
heavy metals;
degradation of
organic pollutants;
enhanced soil
health
Air Purification TiO,, CuO, Ag Decomposition of [63]
VOC; reduction of
airborne
pathogens;
photocatalytic
activity
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Waste
Management

Zn0, Fe304

Enhanced
degradation of
organic waste;

resource recovery
from e-waste;
improved
composting

[64]

Environmental
Sensing

Au, Ag, ZnO

Sensitive detection
of pollutants; real-
time monitoring;
high specificity
and accuracy

[65]

Agricultural
Application

Si03, ZnO

Targeted pesticide
delivery; enhanced
nutrient uptake;
reduced chemical
usage

[66]

Renewable
Energy

TiO2, Ag

Improved
efficiency of solar
cells; catalysis for
biofuel production

[67]

2.6 Dye Degradation using Nanoparticles

The process of converting dye molecules into less hazardous or non-toxic chemicals
by a variety of chemical, biological, or physical means is referred to as dye
degradation. Because dye pollutants can harm aquatic life, disrupt ecosystems, and
pose serious health concerns to humans and animals due to their carcinogenic and non-
biodegradable nature, this technique is crucial for minimizing their negative effects on

the environment[68].

Table 3: Degradation Efficiency and Mechanisms of Nanomaterial Synthesis
Methods for Dye Targeting

Nanomaterial | Synthesis | Dye Mechanism | Degradation | Reference
Method | Targeted Efficiency
Copper Green Methylene | Adsorption, 95% for [69]
nanoparticle | synthesis blue, catalytic Methylene
(CuNPs) using W. | Rhodamine | degradation Blue, 92%
somnifera B for
root Rhodamine
extract B
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Silver Green Methyl Photocatalytic 98% [70]
nanoparticles | synthesis orange degradation
(AgNPs) using W.
somnifera
leaves
extract
Selenium Green | Congored, | Adsorption, 96.4% for [71]
nanoparticles | synthesis Crystal photocatalytic | Congo Red,
(SeNPs) using W. violet degradation 94.5% for
somnifera Crystal
leaves Violet
extract
Zinc oxide Green Direct red | Photocatalytic 91% [72]
nanoparticle | synthesis 81 degradation
(ZnO NPs) using W.
somnifera
root
extract
Iron oxide Green Malachite Adsorption 89% [70], [73]
nanoparticles | synthesis green magnetic
(Fes O4NPs) | using W. separation
somnifera
root
extract
Gold Green | Rhodamine Catalytic 93% [74], [75],
nanoparticles | synthesis B degradation [76]
(AuNPs) using W.
somnifera
leaves
extract
Titanium Green Reactive | Photocatalytic 97% [77], [78],
dioxide synthesis black 5 degradation [79]
nanoparticles | using W.
(TiO2 NPs) | somnifera
leaves
extract
Nickel Green Congored | Adsorption 90% [70], [80]
nanoparticle | synthesis catalytic
(NiNPs) using W. degradation
somnifera
root
extract
Copper oxide Green Methylene | Photocatalytic 97.35% [81], [82]
nanoparticles | synthesis blue degradation
(CuO NPs) using W.

somnifera
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root
extract
Bimetallic Green Methyl Enhanced 92% for [44]
nanoparticles | synthesis orange, catalytic Methyl
(Ag-CuNPs) | using W. | Methylene | degradation | Orange, 95%
somnifera Blue for
leaves Methylene
extract Blue
Iron Green Crystal Adsorption 90% [83]
nanoparticle | synthesis violet catalytic
(Fe NPs) using W. reduction
somnifera
leaves
extract
Carbon-baes Green Various Adsorption 94% on [84], [85]
nanoparticles | synthesis dyes photocatalytic average
using W. degradation
somnifera
leaves
extract

2.7 Medicinal Plants

Herbal remedies are used in healthcare since ancient times. Global studies have been
conducted to confirm their effectiveness, and certain discoveries have resulted in the
development of herbal remedies[86]. The earliest mentions of using plants as medicine
in India can be found in the Rig-Veda, a text believed to have been written between
1600 and 3500 B.C. The ancient physicians extensively studied and empirically
recorded the properties and therapeutic applications of medicinal plants, which form
the fundamental basis of ancient medical herbs in India[87]. In addition, the growing
curiosity in the utilization of medicinal herbs is evident across the surge in
comprehensive reviews and studies of prevalence concerning botanical products over
the last decades[88]. According to WHO, almost the population of eighty percent of
developing nations rely on conventionally administered therapeutic herbs as their
primary wellness resource[89]. In modern medicine, plants continue to be employed
as a conventional means of healthcare for specific disorders. Plants can protect
themselves against dangerous microbes, insects, and harsh environmental
circumstances by producing secondary metabolites or particular chemical compounds.
These substances are not nutritious, but they serve a purpose in the plant's defense
mechanisms. Phytochemicals, often referred to as vital oils, are compounds that
can safeguard plants, humans, and animals from specific diseases that are caused by
either microorganisms or the toxins they produce. This is a result of its antimicrobial
properties. Phytochemicals have the potential to serve as chemo-preventive agents
subsequently. So far, various phytochemicals have been recognized and categorized
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into major groups based on variations in their chemical structure. The primary
classifications of phytochemicals include flavonoids, phytosterols, terpenoids,
saponins, carotenoids, alkaloids, organic acids, aromatic acids, essential oils, as well
as protease inhibitors[90]. They could be synthesized into extracts or other
formulations to prevent and treat ailments. "Natural products” is the term used to
describe the primary and secondary metabolites that are produced spontaneously by
living organisms. These substances are naturally found and can be extracted from
various sources such as animals, plants, fungi, algae, prokaryotes, and other organisms.
They can exist in their pure form or be combined with other molecules[91]. The
utilization of medicinal herbs has significantly enhanced traditional medicine practices
in various civilizations worldwide. These plants contain a high concentration of
alkaloids, flavonoids, terpenoids, and other bioactive compounds. These compounds
possess a variety of medicinal qualities, like antiseptic, antiviral, antioxidant, and
anticancer capabilities [89]. Based on comprehensive studies, we have selected WS,
also known as ashwagandha, as the subject of my study. We will be investigating the
potential inhibitory effects of its phytochemical Withanolides on human adenovirus 2
protease. This research suggests promising possibilities for the development of new
antiviral treatments.

2.8 Antibacterial Mechanism via W. somnifera

With its ability to heal medicinal herbs like W. somnifera can combat bacterial and
fungal infections, and fight against illness-causing microbes. The extract contains
bioactive compounds including alkaloids, tannins, lactones, and flavonoids. The roots,
fruits, and foliage of W. somnifera components could utilized in diverse ways via the
pharmaceutical sector [92]. To find out if plant extract could combat microbes,
researchers analyzed extract from different parts of the plant. They achieved this by
filling wells created in a particular agar plate with plant extracts. They next measured
the circumference of each well in clear space [93]. Mueller-Hinton agar (MHA) was
employed to investigate the plant extract's antibacterial activity. First proceeded by
filling each Petri dish with 20 milliliters of MHA. After being frozen, the bacterial
solution was thawed and combined with peptone water. It was allowed to incubate for
2 to 3 hours at 37°C. The sample was uniformly spread out across 2 plates made of
MHA and let air out for 10 minutes after its turbidity was reduced to meet the 0.5
McFarland. Then one can fill three of the wells on each plate with plant extract at doses
of Img/ml and 2mg/ml. The quantities used were 20 microliters (ul), 50 pl, and 100
pl. The last well, which served as the control, was stuffed with 50 pl of
alcohol(methanol). The cultured plates have been incubated at room temp. for 1 hour
to facilitate the process of diffusion within the medium, followed by subsequently
incubating in aerobic conditions at a temperature of thirty-seven-degree temperature
for a period of eighteen hours. The width of the restriction zones around wells was
determined in millimeters(mm) [94]. The process of synthesizing nanoparticles
through biological means is straightforward, environmentally safe, and exhibits broad-
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spectrum antibacterial properties. The production of ZnNPas was found as an
alternative to organic synthesis and with reduced toxicity to the surroundings [92]. NPs
can infiltrate biofilms, which can be utilized as an effective approach to prevent
biofilm-making by decreasing gene activity through the use of silver (Ag) [95]. To
exert their antibacterial effect, NPs must come into touch with bacterial cells. The
established methods for interaction are the attraction of electrostatic, receptor-ligand
relation, forces like van der Waals, and hydrophobic interactions. NPs subsequently
traverse the membrane of bacteria to accumulate along the metabolic pathway, exerting
an impact on the shape and functionality of the membrane of the cell membrane.
Subsequently, nanoparticles (NPs) engage with the functionality of the elements in the
cell of bacteria, including lysosomes, DNA, enzymes, and ribosomes. This relationship
results in oxidative damage, diverse modifications, disruptions in cell membrane
permeability, imbalances in electrolyte levels, inhibition of enzymes, deactivation of
proteins, and alterations in gene expression. The current study commonly proposes the
following mechanisms: oxidative damage, non-oxidative damage, and metallic ions
release mechanisms [96].
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2.9 Molecular Docking

In silico docking techniques allow for the examination of molecular complementarity
between ligands and protein targets, highlighting crucial structural characteristics for
binding and simplifying virtual screening to uncover appropriate binding partners [97].
An in silico docking investigation of molecules is made to determine the energies of
binding and illustrate the process of protein-ligand interaction. A binding site describes
the particular region where a protein macromolecule and a ligand interact. The
bioactive substances that have the lowest binding energy indicate the most important
and influential interaction [98]. Advancements in high-throughput (HTP) protein
cleansing, nuclear magnetic resonance spectroscopy, and crystallography methods
have unveiled several structural characteristics of peptide or receptor-ligand
complexes. Due to these developments, in-silico methods are currently used in all
aspects of drug research [99]. The energy established (bound-free power, for example),
potential, and solidity (binding affinity and binding constant) of compounds could be
forecasted by employing data obtained from the effective orientation of linked
compounds. The results can be accomplished by applying a molecular docking score
tool. These days, it's customary practice to apply molecular docking to anticipate the
binding positioning of tiny compounds, or medicinal candidates, to their biomolecular
targets, which include proteins, carbohydrates, and nucleic acids, to find out the
tentative binding characteristics. This generates the basic data needed for the structure-
based medication discovery process, which is the rational design of novel drugs with
increased specificity and efficacy [100], [101]. To effectively apply molecular
docking, it is necessary to have access to a structural database that has the desired
target information, along with a methodology for evaluating the docked compound.
Multiple molecular docking approaches and strategies are available to achieve this.
The computation algorithm establishes a hierarchy of possible ligands based on their
potential to bond with certain targeted receptors [102], [103]. The major objective of
docking the molecule is to employ bioinformatic approaches to mimic the process that
is molecule recognition and attain an optimal arrangement to minimize the overall
system's free energy. The process of discovering a novel pharmaceutical compound is
an arduous one. The primary technique in modern drug development is the integration
of in-silico and chemical-biological methods. The utilization of computer-aided
approaches in the drug research and development process is quickly becoming popular,
implemented, and appreciated [104]. Molecular docking is crucial in the initial
estimation of a drug's ability to attach to nucleic acid. The data collected from these
experiments is valuable for establishing a relationship between a drug's molecular
structure and its cytotoxicity.
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2.10 Antiviral Mechanism of Withania somnifera

Multiple docking and simulation tests, currently undergoing clinical trials, have
successfully eliminated the concept of impeding the translation of viral protein by
removing dust. Certain significant bioactive metabolites extracted out of W. somnifera
have the efficiency to attack SARS-CoV-2 effectively [105]. The main lactones which
are steroidal — are withanolides D withanolide A, withanone, and withaferin A. Out of
these compounds, withanoside (V/X), withaferin A, and Wi-N (withanone) can reduce
the impact of coronavirus and are beneficial in the treatment of COVID-19-suffering
individual [106]. Particularly, withanolide A, withanone, and withaferin A, from W.
somnifera are identified as successful antiviral medication. Withanolide A showed its
curative value over HIV. Additionally, it is documented the anti-viral activity of
withaferin A against influenza [107].
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CHAPTER 3
METHODS & METHODOLOGY

3.1 Plant Sample Preparation & Extraction Method

e Leaves of W. somnifera were collected as an herbal medicine

e The collected leaves were thoroughly rinsed with deionized water to eliminate any
dirt or contaminants.

e Subsequently, leaves were subjected to a process of drying (in oven) at forty-five
degree to ensure complete dryness for some days.

e Weighing and Extraction

e Weighed 20 grams of the dried ashwagandha leaves.

¢ Crushed the desiccated leaves using a mixer and mill.

e The conical flask was then kept within the water bath that is horizontally and
conserved at twenty-five degree with constant shaking at 200 rpm for two hours
to facilitate the extraction process.

¢ Reduce the volume by half by boiling the mixture by heating at 100°C.

o Filter the mixture through filter paper onto another conical flask to separate the
liquid extract.
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Fig. 4 Schematic representation of the specific steps of phytochemical extraction
from the leafy part of W. somnifera.
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3.2 Phytochemical tests of W. somnifera plant extract

The confirmatory qualitative phytochemical analysis from leaves was performed to
identify the primary chemicals, such as glucosides, proteins, terpenoids, glycosides,
tannins, cardiac glycosides, saponins, and flavonoids. The existence of these extracts
compounds was given by using the following procedures.

Phytochemical Screening Tests
a) Glucosides- Molisch test

Preparation: Prepared a mixture of 2ml plant extract with H2SOg,
Procedure: Added H2SO4in a dropwise manner.
Observation: The mixture turned out black, which shows the existence of glucoside.

b) Proteins — Xanthoproteic test

Preparation: Prepared a mixture of 2 ml plant extract and H2SOg,
Procedure: Added H2SO4in a dropwise manner.
Observation: White precipitates detects the existence of proteins.

c) Terpenoids- Salkowski Test

Preparation: Prepared a mixture of 2ml plant extract and chloroform.
Procedure: Added a few drops of H2SOa,.
Observation: Brownish red color, suggests the existence of terpenoids.

d) Glycosides- Keller-Kiliani Test

Preparation: Prepared a mixture of 2ml plant extract, GAA, and FeCls.

Procedure: Added a few drops of FeClzand H2SOa4.

Observation: The mixture turns out into green/blue, indicating the presence of
glycosides.

e) Tannins- FeCls test
Preparation: Prepared a mixture of 2ml plant extract with 0.5% FeCls,
Procedure: Added a few drops of FeCls plant solution.

Observation: The mixture turns out into a black hue color, indicating the existence of
tannins.

f) Cardiac glycosides- Keller-Kiliani Test

Preparation: Mixed 2 ml plant extraction with GAA and FeCla.
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Procedure: Added a small amount of H2SOa4.
Observation: The creation of a brown ring revealed the abundance of cardiac
glycosides.

g) Saponins- Froth Test

Preparation: Mixed 2 mL extract of the plant with five millilitres of deionized water.
Procedure: Shook the mixture vigorously.
Observation: Persistent froth indicated the presence of saponins.

h) Flavonoids - Lead Acetate Test

Preparation: Prepared a solution of lead acetate (Pb(C2H303).).

Procedure: Added some drops of lead acetate solution to the plant plant extract(2ml).
Observation: The formation of a yellow precipitate indicated the presence of
flavonoids.

3.3 Green Synthesis of Metal Nanoparticles

¢ Zinc sulfate was dissolved in deionized water to prepare a 1 mmol concentration
solution.

e The zinc sulfate solution was loaded onto a magnetic stirrer.

¢ Plant extract had to be added gradually into the ZnSO4 mixture while shaking
continuously to ensure thorough mixing.

¢ A pH reader was utilized to monitor pH of the solution continuously.

e A suitable base (such as sodium hydroxide mixture) is gradually mixed to
maintain a pH of 12, facilitating the precipitation of zinc nanoparticles.

o After the pH adjustment and formation of the precipitate, the mixture was moved
to tubes for centrifugation.

e The sample was agitated at 5000 rpm for up to 5 minutes to separate the particles
(zinc nanoparticles) from supernatant.

e The supernatant was carefully decanted, ensuring that the solid white particles
remained at the bases of the tubes.

e The precipitate was rinsed twice with deionized water and once with ethanol to
eliminate any impurities.

o After rinsing the mixture underwent centrifugation again at 5000 rpm at 5 and the
supernatant, liquid portion above was decanted.

e The cleaned precipitate was transported to the drying furnace.

e The precipitate has been dried at 60° C until completely dry, resulting in the
synthesized zinc nanoparticles.

Characterization:

The dried precipitate was characterized as zinc nanoparticles synthesized from W.
somnifera using appropriate analytical techniques such as UV-Vis spectroscopy.
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3.4 Photocatalytic Dye Degradation using Zinc Nanoparticle

Dilutions with varying concentrations of Eosine dye were prepared.

Absorbance at an appropriate wavelength (around 520 nm) was measured.

A standard curve using absorbance values was constructed.

10 mL of 10 ppm Eosine solution was mixed with a specified volume of Zn-NPs.
The solution was homogenized through gentle stirring.

The initial absorbance of the Eosine-Zn-NPs solution at 520 nm was measured.
Calibration with blank and control samples was performed.

The Eosine-Zn-NPs solution was exposed to sunlight or simulated sunlight.
Absorbance was regularly monitored at designated time intervals (e.g., hourly).
The standard curve was utilized to correlate absorbance values with Eosine
concentrations.

Eosine removal efficiency was computed using starting and final concentrations.
Degradation rates under different conditions were compared.

Results were interpreted concerning photocatalytic efficiency.

Experiments were repeated to ensure the reproducibility of results.

Experimental parameters (Zn-NPs concentration, sunlight exposure time) were
optimized for enhanced degradation efficiency.

Zn-NPs were characterized before and after the degradation process.

Structural changes and surface characteristics were analyzed using techniques like
SEM, XRD, and TEM.

The effectiveness of Zn-NPs in the degradation of Eosine dye was interpreted.

3.5 Antibacterial Activity of ZnNPs

Nutrient agar was prepared using the instructions provided by the manufacturer,
then added into Petri dishes then, allowed to solidify under aseptic conditions.

A micropipette was used to transfer 0.01 ml of the overnight-grown Bacillus
clausii culture on the top of the nutritional plate containing agar plate.

The bacterial culture was spread uniformly over the plate of agar using a spreader
which is sterilized.

Under aseptic conditions, sterile filter paper was cut into circular disks.

The disks having filter paper were saturated with varying quantities (10, 30, 20,
40, and 50 pL) of produced ZnNPs sol. using a micropipette.

The disks were allowed to dry briefly in a sterile environment to ensure that the
ZnNP solution was adequately absorbed.

Using sterile forceps, the ZnNP-impregnated. The nutrient agar plates had filter
filter paper disks carefully placed on top of them that contained the Bacillus
clausii culture. The disks were placed far apart from each other so that zones of
inhibition do not overlap.

The incubated plates were placed in an upright position at thirty-seven degrees for
a day to allow the bacteria to grow and interact with the ZnNPs.
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e After the period of incubation plates, were observed for inhibition zones of nearby
the disk of filter paper.

e The diameter of the inhibition zone (clear zones where the growth of bacteria had
been prevented) was measured using a millimeter scale. Multiple measurements
were taken across different directions to ensure accuracy, and the average
diameter for each disk was recorded.

e The sizes of the zones of inhibition corresponding to the different volumes of
ZnNP solution used were compared.

e The data was analyzed to determine the relationship between the volume of ZnNP
solution and its antibacterial effectiveness against Bacillus clausii.

3.6 Antiviral activity of Withanolides against Human adenovirus

In Silico Molecular Docking Methodology Utilizing Four Ligands and Protein
3EXW

a) Screening for ligands and Data collection

Cuscohygrine, Anaferine, Somniferine, and Viscosalactone B are the four
ligands that have been found for this study. These ligands are obtained from
PubChem (https://pubchem.ncbi.nlm.nih.gov/)and other databases.

b) Preparation of targeted protein and ligand

Protein Preparation - The structure of Protein crystal 3EXW was taken
through the PDB (Protein Data Bank) at (https://www.rcsb.org). The structure
of the protein was cleaned, heteroatoms and water molecules were removed,
and hydrogen atoms were added using software such as PyMOL. The protein
structure that was generated was saved in PDB format.

Ligand Preparation- In 3D SDF format, the ligand structures were obtained
from PubChem. Then changes to MOL2 or PDB format by utilizing Open
Babel. Polar hydrogens were introduced, and BIOVIA Discovery Studio was
used to make any necessary adjustments.

c) ldentification of Binding Sites

During this process, potential contact sites that are required for docking the
ligands were found.

d) Molecular docking using PyRx

PyRx is utilized to do docking simulations along protein which is obtained and
ligand structures. To estimate the interactions between Protein 3EXW and each
ligand (Cuscohygrine, Viscosalactone B, Anaferine, Somniferine), the
software modeled the docking process. Information regarding the interactions,
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modes, and binding energies of each ligand with the protein was provided in
the results.

e) Structural analysis of docked protein and ligands

After the docking process was completed, BIOVIA was used to visualize the
resultant file. It determined which molecules participated in the interaction.
Moreover, 2D and 3D photographs of the outcomes were produced using the
Discovery Studio software.
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CHAPTER 4
RESULTS

4.1 Analyzing the Phytochemical of Withania somnifera

The phytochemical analysis of WS reveals the presence of various bioactive
compounds through a series of tests. The phytochemical tests on Withania somnifera
show glucosides, proteins, terpenoids, glycosides, tannins, cardiac glycosides,
saponins, and flavonoids.

Table 4: Phytochemical Profiling of Withania somnifera: Tests and Observation

Compound Tests Preparation Observation

Glucoside Molisch test Plant extract (2ml) + | Black color
some H2SO4 drops.

Proteins Xanthoproteic | Plant extract (2ml) + | White  color

test some conc. H2SOq | precipitates.
drops.

Terpenoids Salkowski test | 2 ml CHCIs + Plant | A red-brown
extract (2ml) + some | coloration
conc. H2SO4 drops.

Glycoside Killer-Kilani Plant extract (2ml) + 1 | Green/blue

test ml GAA + FeCI3 + | coloration

H2>SO4
Tannins FeCls(Ferric Some drops of 0.5% | Blue-black
chloride) test FeClz + 2ml plant | coloration

extract

Cardiac glycoside Keller-Kiliani | 2ml plant extract+1ml | Brown ring

test GAA + FeClz + 1ml | formation
H2>SO4

Saponin Froth test 2ml plant extract + | Froth
5ml distilled water formation

flavonoids Lead acetate | Pb(C2H302)2 + 2ml | Yellow

test plant extract precipitate
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Fig. 5 The Figure illustrates the diverse range of phytochemicals extracted from
Withania somnifera. The figure highlights the significant phytochemicals such as
glucosides, proteins, terpenoids, glycosides, tannins, cardiac glycosides, saponins,
and flavonoids, which contribute to the plant’s medicinal properties.
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4.2 Detection of Zinc Nanoparticles synthesized from W. somnifera, and their
Characterization by using UV-Vis’s spectra

First, generated Zn-NPs are subjected to UV-Vis absorption spectroscopy. In the
range, the reaction mixture was observed. The UV-Vis spectrum shows the peculiar
absorption peak of phytochemicals extracted from W. somnifera.

Sample Spectrum

§

Absorbance(Al)
w

ra

‘ Anc sample 1

Wawelength (nm)

Fig. 6 lllustration showing the UV- Vis absorption spectrum graph of ZnNPs.

Result Data

[ Name [ No. | Peakinm) | Peak(AU) | No. | \ ) | Valley(AU) |
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Fig. 7 llustration showing the absorption spectrum graph ZnNPs of UV-Vis
spectrophotometer indicates phytochemicals in an aqueous sample.
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4.3 Photocatalytic Dye degradation of Eosin dye by using zinc oxide
nanoparticles (ZnO)

In the first tube, no significant degradation happens, pink color is retained. After some
time (nearly one hour) partial degradation occurs, which slightly lighter color,
indicating some dye degradation. The subsequent test tube shows a gradient of
decreasing pink color intensity, suggesting the degradation of the dye. With time
ZnNPs dissolve into the solution and give different coloration. At last, the solution
becomes clear which indicates the complete degradation.

Fig. 8 Illustration showing the degradation of eosin dye with ZnNPs.
The initial concentration of Eosine was compared with the final concentration after
exposure to UV-Vis, which produced a standard curve to calculate the removal

efficiency. A significant reduction in absorbance at 520 nm indicated effective
degradation of Eosine dye, which can be analyzed in the graph that is given below:

Sample Spectrum

5

Eosin Y On 1
EosinY1h 1

Eosin¥2h 1
EosinY4h 1
EosinY$h 1
EosinY6h21
Eosin¥8h221

"

Absorbance(AU)

Wavelength (nm)

Fig. 9 UV- Vis spectroscopy analysis of Eosin Dye degradation using ZnNPs.
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The control sample shows the highest absorbance, while the final sample shows the
lowest absorbance, signifying effective dye degradation by ZnNPs.

4.4 Antimicrobial Susceptibility Test Results

Using a Petri dish with an agar plate separated into four sections, extract, antibiotic,
ZnNPs, and blank. A little white disk was embedded with the appropriate drug or
control in each area. The outcomes were as follows:

Blank: As the negative control, there was no discernible zone of inhibition
surrounding the disc in the blank area. This shows no antibacterial action, which is
what is anticipated from negative control.

Plant Extract: A little zone of inhibition encircling the disc was seen in the extract-
containing portion. This implies that the extract has some antibacterial action, but not
as much as would with an antibiotic.

Antibiotic: As the positive control, the antibiotic portion showed a distinct and
significant zone of inhibition surrounding the disc. This validates the test’s efficacy by
confirming the standard antibiotic’s strong antibacterial activity.

ZnNPs: The zone of inhibition surrounding the disc containing ZnNPs. This indicates
that ZnNPs can strongly inhibit bacterial growth. ZnNPs provide a viable substitute
for conventional antibiotics in treating bacterial infections.

Fig.10 Antibacterial activity assay of ZnNPs, Antibiotics, and plant extract
against Bacillus clausii
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4.5 Detection of Phytochemicals actions against Human adenovirus

The phytochemical exhibits a potent antiviral mechanism against human adenovirus.
These compounds successfully meet the ADME criteria essential for drug selection.
BIOVIA Discovery Studio was used to visualize and evaluate the binding interaction
after molecular docking investigations, allowing for a thorough analysis of the
interactions in both 2D and 3D. Based on higher docking scores, Viscosalactone B
showed the highest binding affinity for human adenovirus, followed by Somniferine.
These results suggest that Somniferine and Viscosalactone B have a powerful
inhibitory effect on the virus. In contrast, Anaferine and Cuscohygrine exhibit lower
binding efficiency, exhibiting less antiviral activity.

Table 4: Demonstrating the binding affinity or Estimated AG of phytochemicals
against human adenovirus (3EXW)

S.No. | Name of Ligand | Full Fitness | Cluster | Element Estimated
AG
(Kcal/mol)
1. Viscosalactone B | -486.38 0 0 -10.4
2. Somniferine -1235.56 0 0 -9.9
3. Anaferine -173.04 0 0 -6.3
4. Cuscohygrine -486.38 0 0 -6




Fig. 11 3D representation of the
interaction between Viscosalactone B
and 3EXW gene of human adenovirus

Fig. 13 3D representation of
interaction between Somniferine
and 3EXW gene of human
adenovirus.
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Fig. 15 3D representation of
the interaction between
Anaferine and 3EXW gene of
human adenovirus.

Fig. 17 3D representation of
the interaction between
Cuscohygrine and 3EXW gene
of human adenovirus.
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Fig. 16 3D representation of the
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CONCLUSION AND DISCUSSION

Historically, medicinal plants have a significant history in the health care of the people,
and their traditional use can be attributed to Indigenous knowledge. W. somnifera is
an herb that has been proving to be more and more significant in modern-day medicine.
This plant is highly medicinal with a synergism of natural bio-active compounds
namely phenolics and terpenoids. It also has antimicrobial, immunomodulatory, and
anti-inflammatory properties. As potent antioxidants, they make for excellent
medicinal supplements. Studies have shown that W. somnifera has many health
benefits. The physical and mental benefits of this plant have been documented and can
lessen stress, and increase the health of the nervous system. May protect our nerves
from harm and help to treat diseases like OCD. The plant W. somnifera, better known
by its common name ashwagandha, is a powerhouse of health benefits due to a unique
class of chemicals called withanolides-withanolide A-D, with anyone, withaferin A,
Somniferine, and Cuscohygrine-has different structure that adds to its special qualities.
W. somnifera, or ashwagandha, is used for more than just medicine. It is also making
progress in modern science. Phytochemical analysis W. somnifera leaves exhibit the
existence of bioactive compound like glucoside, flavonoids, proteins, saponins and
many more. Scientists are using nanotechnology to make ZnNPs from green method.
These nanoparticles characterized by UV-Vis showing absorbance 222 nm, and are
good for the environment and have fantastic properties, like glowing in the dark,
breaking down dyes, and killing germs. The gradual decrease in the color of dye
indicates the effectiveness of ZnNPs towards Eosin dye. There are many ways that
these ZnNPs could be used, such as to make better monitors and to clean up the
environment by using photothermal process to break down pollutants. Aforementioned
that ZnNPs shows antibacterial activity against Bacillus clausii which demonstrate
their effectiveness towards the bacterial agent, means these NPs have antibacterial
capacity. Human adenovirus and other viruses can be cured with W. somnifera. As this
study suggest that phytochemicals like Viscosalactone B followed by somniferine
suggest its promise against viral agent. Its organic parts could help scientists come up
with new treatments and ways to get genes into living things. Scientists have that these
chemicals may be able to interact with viral proteins. Through many investigations, it
has been found that W. somnifera could provide new medical options and aid in
modern medicine. The unique extracts of W. somnifera exhibit an important role in the
diverse ways to overcome the limitations of traditional medicine and also provide an
alternative to cure diseases. Additional research and development of medicines from
W. somnifera could lead to finding novel drugs to solve issues related to health and the
environment. Despite all these, there could be some limitations, finding the right dose
is important to avoid side effects and problems when taking other medicines. The
clinical studies are needed to validate its benefits. Sometimes it is hard to standardize
bioactive compounds.




(1]

(2]

(3]

(6]

(7]

(8]

(9]

39

REFERENCES

G. Velu, V. Palanichamy, and A. P. Rajan, “Phytochemical and pharmacological
importance of plant secondary metabolites in modern medicine,” Bioorganic Phase in
Natural Food: An Overview, pp. 135-156, Apr. 2018, doi: 10.1007/978-3-319-74210-
6 8.

G. Velu, V. Palanichamy, and A. P. Rajan, “Phytochemical and Pharmacological
Importance of Plant Secondary Metabolites in Modern Medicine,” Bioorganic Phase
in Natural Food: An Overview, pp. 135-156, Apr. 2018, doi: 10.1007/978-3-319-
74210-6_8.

P. Mikulska et al., “Ashwagandha (Withania somnifera)—Current Research on the
Health-Promoting Activities: A Narrative Review,” Pharmaceutics, vol. 15, no. 4,
Apr. 2023, doi: 10.3390/PHARMACEUTICS15041057.

A. Girme et al., “Investigating 11 withanosides and withanolides by UHPLC-PDA
and mass fragmentation studies from ashwagandha (withania somnifera),” ACS
Omega, vol. 5, no. 43, pp. 27933-27943, Nov. 2020, doi:
10.1021/ACSOMEGA.0C03266/ASSET/IMAGES/LARGE/AO0C03266_0005.JPE
G.

S. Zahiruddin et al., “Ashwagandha in brain disorders: A review of recent
developments,” J Ethnopharmacol, vol. 257, p. 112876, Jul. 2020, doi:
10.1016/j.jep.2020.112876.

J. Wang et al., “Effect of ashwagandha withanolides on muscle cell differentiation,”
Biomolecules, vol. 11, no. 10, 2021, doi: 10.3390/biom11101454.

F. Z. Ozeer et al., “A comprehensive review of phytochemicals of Withania somnifera
(L.) Dunal (Solanaceae) as antiviral therapeutics,” Discover Applied Sciences, vol. 6,
no. 4, p. 187, Apr. 2024, doi: 10.1007/s42452-024-05845-x.

V. Lerose et al., “Withania somnifera (L.) Dunal, a Potential Source of
Phytochemicals for Treating Neurodegenerative Diseases: A Systematic Review,”
Plants, vol. 13, no. 6. 2024. doi: 10.3390/plants13060771.

B. H. Kiani et al., “Comparative Evaluation of Biomedical Applications of Zinc
Nanoparticles Synthesized by Using Withania somnifera Plant Extracts,” Plants
2022, Vol. 11, Page 1525, vol. 11, no. 12, p. 1525, Jun. 2022, doi:
10.3390/PLANTSI11121525.

Z. Hasnain et al., “Antibacterial activity of eco-friendly zinc nanoparticles prepared
from leaf extract of Mentha piperita L,” Pak J Pharm Sci, vol. 33, no. 5, 2020.

Shahid-ul-Islam, S. Bairagi, and M. R. Kamali, “Review on green biomass-
synthesized metallic nanoparticles and composites and their photocatalytic water




[18]

[19]

[20]

40

purification applications: Progress and perspectives,” Chemical Engineering Journal
Advances, vol. 14. 2023. doi: 10.1016/j.ceja.2023.100460.

S. Modi et al., “Photocatalytic Degradation of Methylene Blue Dye from Wastewater
by Using Doped Zinc Oxide Nanoparticles,” Water (Switzerland), vol. 15, no. 12,
2023, doi: 10.3390/w15122275.

M. F. Lee et al., “Molecular docking and dynamics simulation reveal withanolides as
potent antivirals against dengue virus,” South African Journal of Botany, vol. 169, pp.
426434, Jun. 2024, doi: 10.1016/J.SAJB.2024.04.045.

A. Gryciuk, M. Rogalska, J. Baran, L. Kuryk, and M. Staniszewska, “Oncolytic
Adenoviruses Armed with Co-Stimulatory Molecules for Cancer Treatment,”
Cancers (Basel), vol. 15, no. 7, Apr. 2023, doi: 10.3390/CANCERS15071947.

Q. Shang et al., “Serological data analyses show that adenovirus 36 infection is
associated with obesity: A meta-analysis involving 5739 subjects,” Obesity, vol. 22,
no. 3. 2014. doi: 10.1002/0by.20533.

P. Jadaun et al., “Withania somnifera extracts induced attenuation of HIV-1: a
mechanistic approach to restrict viral infection,” Virol J, vol. 20, no. 1, 2023, doi:
10.1186/s12985-023-02130-y.

S. Ramli et al., “Phytochemicals of Withania somnifera as a Future Promising Drug
against SARS-CoV-2: Pharmacological Role, Molecular Mechanism, Molecular
Docking Evaluation, and Efficient Delivery,” Microorganisms, vol. 11, no. 4, Apr.
2023, doi: 10.3390/MICROORGANISMS11041000.

D. Choudhary, S. Bhattacharyya, and S. Bose, “Efficacy and Safety of Ashwagandha
(Withania somnifera (L.) Dunal) Root Extract in Improving Memory and Cognitive
Functions,” J Diet Suppl, vol. 14, no. 6, pp. 599-612, Nov. 2017, doi:
10.1080/19390211.2017.1284970.

N. Singh, M. Bhalla, P. de Jager, and M. Gilca, “An Overview on Ashwagandha: A
Rasayana (Rejuvenator) of Ayurveda,” African Journal of Traditional,
Complementary and Alternative Medicines, vol. 8, no. 5S, pp. 208-213, 2011, doi:
10.4314/AJTCAM.V8I5S.9.

A. Dey, “Natural Products against Huntington’s Disease (HD): Implications of
Neurotoxic Animal Models and Transgenics in Preclinical Studies,” Neuroprotective
Natural Products: Clinical Aspects and Mode of Action, pp. 185246, Mar. 2017, doi:
10.1002/9783527803781.CHS.

L. Davis and G. Kuttan, “Immunomodulatory activity of Withania somnifera,” J
Ethnopharmacol, vol. 71, no. 1-2, pp. 193-200, Jul. 2000, doi: 10.1016/S0378-
8741(99)00206-8.

G. Singh, P. K. Sharma, R. Dudhe, and S. Singh, “Biological activities of Withania
somnifera,” Ann Biol Res, vol. 1, no. 3, 2010.

Y. Luo, Y. Jian, Y. Liu, S. Jiang, D. Muhammad, and W. Wang, “Flavanols from
Nature: A Phytochemistry and Biological Activity Review,” Molecules, vol. 27, no. 3.
2022. doi: 10.3390/molecules27030719.




[30]

[31]

[32]

[33]

[34]

41

M. Geethangili and S. T. Ding, “A review of the phytochemistry and pharmacology of
Phyllanthus urinaria L,” Frontiers in Pharmacology, vol. 9, no. OCT. 2018. doi:
10.3389/fphar.2018.01109.

J. Sharifi-Rad ef al., “Chemical Composition, Biological Activity, and Health-
Promoting Effects of Withania somnifera for Pharma-Food Industry Applications,”
Journal of Food Quality, vol. 2021. 2021. doi: 10.1155/2021/8985179.

L. Davis and G. Kuttan, “Immunomodulatory activity of Withania somnifera,” J
Ethnopharmacol, vol. 71, no. 1-2, 2000, doi: 10.1016/S0378-8741(99)00206-8.

S. H. Nile, A. Nile, E. Gansukh, V. Baskar, and G. Kai, “Subcritical water extraction
of withanosides and withanolides from ashwagandha (Withania somnifera L) and
their biological activities,” Food and Chemical Toxicology, vol. 132, 2019, doi:
10.1016/j.fct.2019.110659.

P. T. White, C. Subramanian, H. F. Motiwala, and M. S. Cohen, “Natural withanolides
in the treatment of chronic diseases,” in Advances in Experimental Medicine and
Biology, vol. 928, 2016. doi: 10.1007/978-3-319-41334-1_14.

R. S. Sangwan, N. Das Chaurasiya, P. Lal, L. Misra, R. Tuli, and N. S. Sangwan,
“Withanolide a is inherently de novo biosynthesized in roots of the medicinal plant
Ashwagandha (Withania somnifera),” Physiol Plant, vol. 133, no. 2, 2008, doi:
10.1111/5.1399-3054.2008.01076.x.

L. A.J. O’Neill, “Targeting signal transduction as a strategy to treat inflammatory
diseases,” Nature Reviews Drug Discovery, vol. 5, no. 7. 2006. doi: 10.1038/nrd2070.

Z. Kuang et al., “Withanolide B promotes osteogenic differentiation of human bone
marrow mesenchymal stem cells via ERK1/2 and Wnt/B-catenin signaling pathways,”
Int Immunopharmacol, vol. 88, 2020, doi: 10.1016/j.intimp.2020.106960.

S. Dubey, M. Kallubai, A. Sarkar, and R. Subramanyam, “Elucidating the active
interaction mechanism of phytochemicals withanolide and withanoside derivatives
with human serum albumin,” PLoS One, vol. 13, no. 11, 2018, doi:
10.1371/journal.pone.0200053.

R. Kalra and N. Kaushik, “Withania somnifera (Linn.) Dunal: a review of chemical
and pharmacological diversity,” Phytochemistry Reviews, vol. 16, no. 5, 2017, doi:
10.1007/s11101-017-9504-6.

H. C. Wang et al., “Withanolides-induced breast cancer cell death is correlated with
their ability to inhibit heat protein 90,” PLoS One, vol. 7, no. 5, 2012, doi:
10.1371/journal.pone.0037764.

T. J. Yu et al., “Withanolide C inhibits proliferation of breast cancer cells via
oxidative stress-mediated apoptosis and DNA damage,” Antioxidants, vol. 9, no. 9,
2020, doi: 10.3390/antiox9090873.

M. 1. Choudhary, S. Yousuf, and Atta-Ur-Rahman, “Withanolides: Chemistry and
antitumor activity,” in Natural Products: Phytochemistry, Botany and Metabolism of
Alkaloids, Phenolics and Terpenes, 2013. doi: 10.1007/978-3-642-22144-6_150.




[40]

[41]

[42]

[43]

[44]

[45]

[46]

(48]

42

R. Bessalle and D. Lavie, “Withanolide C, A chlorinated withanolide from Withania
somnifera,” Phytochemistry, vol. 31, no. 10, 1992, doi: 10.1016/0031-
9422(92)83749-0.

J. Lacombe et al., “Withanolide D Enhances Radiosensitivity of Human Cancer Cells
by Inhibiting DNA Damage Non-homologous End Joining Repair Pathway,” Front
Oncol, vol. 9, 2020, doi: 10.3389/fonc.2019.01468.

N. C. Rubio, D. Thurmann, F. Krumbiegel, and F. Pragst, “Behaviour of hygrine and
cuscohygrine in illicit cocaine production establishes their use as markers for
chewing coca leaves in contrast with cocaine abuse,” Drug Test Anal, vol. 9, no. 2,
pp- 323-326, Feb. 2017, doi: 10.1002/dta.1972.

S. Saleem, G. Muhammad, M. A. Hussain, M. Altaf, and S. N. Abbas Bukhari,
“Withania somnifera L.: Insights into the phytochemical profile, therapeutic potential,
clinical trials, and future prospective,” Iranian Journal of Basic Medical Sciences,
vol. 23, no. 12. 2020. doi: 10.22038/ijbms.2020.44254.10378.

N. C. Rubio et al., “Application of hygrine and cuscohygrine as possible markers to
distinguish coca chewing from cocaine abuse on WDT and forensic cases,” Forensic
Sci Int, vol. 243, 2014, doi: 10.1016/j.forsciint.2014.02.024.

G. Yan, H. Zhang, Y. Li, G. Miao, X. Liu, and Q. Lv, “Viscosalactone B, a natural
LSD1 inhibitor, inhibits proliferation in vitro and in vivo against prostate cancer
cells,” Invest New Drugs, vol. 41, no. 1, 2023, doi: 10.1007/s10637-023-01330-1.

E. Bonandi, G. Tedesco, D. Perdicchia, and D. Passarella, “Total synthesis of (-)-
anaferine: A further ramification in a diversity-oriented approach,” Molecules, vol.
25, no. 5, 2020, doi: 10.3390/molecules25051057.

P. Mikulska et al., “Ashwagandha (Withania somnifera)—Current Research on the
Health-Promoting Activities: A Narrative Review,” Pharmaceutics, vol. 15, no. 4.
2023. doi: 10.3390/pharmaceutics15041057.

T. Mustapha, N. Misni, N. R. Ithnin, A. M. Daskum, and N. Z. Unyah, “A Review on
Plants and Microorganisms Mediated Synthesis of Silver Nanoparticles, Role of
Plants Metabolites and Applications,” Int J Environ Res Public Health, vol. 19, no. 2,
Jan. 2022, doi: 10.3390/IJERPH19020674.

S. Venkataraman, “Plant Molecular Pharming and Plant-Derived Compounds towards
Generation of Vaccines and Therapeutics against Coronaviruses,” Vaccines (Basel),
vol. 10, no. 11, Nov. 2022, doi: 10.3390/VACCINES10111805.

J. Singh, T. Dutta, K. H. Kim, M. Rawat, P. Samddar, and P. Kumar, “‘Green’
synthesis of metals and their oxide nanoparticles: applications for environmental
remediation,” Journal of Nanobiotechnology 2018 16:1, vol. 16, no. 1, pp. 1-24, Oct.
2018, doi: 10.1186/S12951-018-0408-4.

M. Doble, K. Rollins, and A. Kumar, Green chemistry and engineering. 2010.
Accessed: May 22, 2024. [Online]. Available:
https://books.google.com/books?hl=en&Ir=&id=ArTc6f-




[55]

[56]

[57]

[58]

43

mewcC&oi=fnd&pg=PP1&ots=-
mDQzvIMc3&sig=wRTAnTchs661 jmzNRJ J2VTCxw

T. Bruna, F. Maldonado-Bravo, P. Jara, and N. Caro, “Silver nanoparticles and their
antibacterial applications,” International Journal of Molecular Sciences, vol. 22, no.
13.2021. doi: 10.3390/ijms22137202.

Q. Li et al., “Antimicrobial nanomaterials for water disinfection and microbial
control: Potential applications and implications,” Water Research, vol. 42, no. 18.
2008. doi: 10.1016/j.watres.2008.08.015.

S. M. D. Rizvi et al., “Antibiotic-Loaded Gold Nanoparticles: A Nano-Arsenal
against ESBL Producer-Resistant Pathogens,” Pharmaceutics, vol. 15, no. 2. 2023.
doi: 10.3390/pharmaceutics15020430.

H. J. Johnston, G. Hutchison, F. M. Christensen, S. Peters, S. Hankin, and V. Stone,
“A review of the in vivo and in vitro toxicity of silver and gold particulates: Particle
attributes and biological mechanisms responsible for the observed toxicity,” Critical
Reviews in Toxicology, vol. 40, no. 4. 2010. doi: 10.3109/10408440903453074.

M. Murali et al., “Zinc oxide nanoparticles prepared through microbial mediated
synthesis for therapeutic applications: a possible alternative for plants,” Frontiers in
Microbiology, vol. 14. 2023. doi: 10.3389/fmicb.2023.1227951.

R. Dastjerdi and M. Montazer, “A review on the application of inorganic nano-
structured materials in the modification of textiles: Focus on anti-microbial
properties,” Colloids and Surfaces B: Biointerfaces, vol. 79, no. 1. 2010. doi:
10.1016/j.colsurfb.2010.03.029.

S. V. Gudkov, D. E. Burmistrov, D. A. Serov, M. B. Rebezov, A. A. Semenova, and A.
B. Lisitsyn, “Do iron oxide nanoparticles have significant antibacterial properties?,”
Antibiotics, vol. 10, no. 7, 2021, doi: 10.3390/antibiotics10070884.

Y. Xu et al., “Exposure to TiO2 nanoparticles increases Staphylococcus aureus
infection of HelLa cells,” J Nanobiotechnology, vol. 14, no. 1, 2016, doi:
10.1186/s12951-016-0184-y.

A. Kaur and U. Gupta, “A review on applications of nanoparticles for the
preconcentration of environmental pollutants,” J Mater Chem, vol. 19, no. 44, 2009,
doi: 10.1039/b901933b.

S. S. Salem and A. Fouda, “Green Synthesis of Metallic Nanoparticles and Their
Prospective Biotechnological Applications: an Overview,” Biological Trace Element
Research, vol. 199, no. 1. 2021. doi: 10.1007/s12011-020-02138-3.

S. Vijayaram et al., “Applications of Green Synthesized Metal Nanoparticles — a
Review,” Biological Trace Element Research, vol. 202, no. 1. 2024. doi:
10.1007/s12011-023-03645-9.

M. S. Samuel et al., “A Review on Green Synthesis of Nanoparticles and Their
Diverse Biomedical and Environmental Applications,” Catalysts, vol. 12, no. 5. 2022.
doi: 10.3390/catal12050459.




[68]

[69]

[70]

[71]

44

T. Sakthivel, R. Ramachandran, and K. Kirubakaran, ‘“Photocatalytic properties of
copper-two dimensional graphitic carbon nitride hybrid film synthesized by pyrolysis
method,” J Environ Chem Eng, vol. 6, no. 2, 2018, doi: 10.1016/j.jece.2018.04.009.

V. Mishra, R. Sharma, N. D. Jasuja, and D. K. Gupta, “International Journal of Green
and A Review on Green Synthesis of Nanoparticles and Evaluation of Antimicrobial
Activity,” International Journal of Green and Herbal Chemistry, vol. 3, no. 1, 2014.

D. Karageorgou et al., “Green Synthesis and Characterization of Silver Nanoparticles
with High Antibacterial Activity Using Cell Extracts of Cyanobacterium
Pseudanabaena/Limnothrix sp.,” Nanomaterials, vol. 12, no. 13, 2022, doi:
10.3390/nano12132296.

T. H. Rayhan et al., “Engineered Nanoparticles for Wastewater Treatment System,”
Civil and Sustainable Urban Engineering, vol. 2, no. 2, 2022, doi:
10.53623/csue.v2i2.113.

J. Chattopadhyay and N. Srivastava, Application of Nanomaterials in Chemical
Sensors and Biosensors. 2021. doi: 10.1201/9781003009085.

M. Kah, R. S. Kookana, A. Gogos, and T. D. Bucheli, “A critical evaluation of
nanopesticides and nanofertilizers against their conventional analogues,” Nat
Nanotechnol, vol. 13, no. 8, 2018, doi: 10.1038/s41565-018-0131-1.

A.J. Haider, A. D. Thamir, A. A. Najim, and G. A. Ali, “Improving Efficiency of
TiO2:Ag /Si Solar Cell Prepared by Pulsed Laser Deposition,” Plasmonics, vol. 12,
no. 1, 2017, doi: 10.1007/s11468-016-0235-0.

D. Dodoo-Arhin, T. Asiedu, B. Agyei-Tuffour, E. Nyankson, D. Obada, and J. M.
Mwabora, “Photocatalytic degradation of Rhodamine dyes using zinc oxide
nanoparticles,” Mater Today Proc, vol. 38, pp. 809-815, Jan. 2021, doi:
10.1016/J.MATPR.2020.04.597.

J. Shanmugapriya et al., “Green Synthesis of Copper Nanoparticles Using Withania
somnifera and Its Antioxidant and Antibacterial Activity,” J Nanomater, vol. 2022,
2022, doi: 10.1155/2022/7967294.

H. Gaurav et al., “Biodiversity, Biochemical Profiling, and Pharmaco-Commercial
Applications of Withania somnifera: A Review,” Molecules, vol. 28, no. 3, p. 1208,
Jan. 2023, doi: 10.3390/molecules28031208.

S. Menon, H. Agarwal, and V. K. Shanmugam, “Catalytical degradation of industrial
dyes using biosynthesized selenium nanoparticles and evaluating its antimicrobial
activities,” Sustainable Environment Research, vol. 31, no. 1, 2021, doi:
10.1186/s42834-020-00072-6.

B. H. Kiani et al., “Comparative Evaluation of Biomedical Applications of Zinc
Nanoparticles Synthesized by Using Withania somnifera Plant Extracts,” Plants, vol.
11, no. 12, 2022, doi: 10.3390/plants11121525.

S. A. Akintelu, A. K. Oyebamiji, S. C. Olugbeko, and A. S. Folorunso, “Green
synthesis of iron oxide nanoparticles for biomedical application and environmental




[79]

[80]

[81]

[82]

[83]

[84]

45

remediation: A review,” Ecletica Quimica, vol. 46, no. 4. 2021. doi: 10.26850/1678-
4618eqj.v46.4.2021.p17-37.

K. K. Bharadwaj et al., “Green synthesis of gold nanoparticles using plant extracts as
beneficial prospect for cancer theranostics,” Molecules, vol. 26, no. 21. 2021. doi:
10.3390/molecules26216389.

R. K. Selvakesavan and G. Franklin, “Prospective application of nanoparticles green
synthesized using medicinal plant extracts as novel nanomedicines,” Nanotechnol Sci
Appl, vol. 14,2021, doi: 10.2147/NSA.S333467.

J. L. Lopez-Miranda, G. A. Molina, R. Esparza, M. A. Gonzalez-Reyna, R. Silva, and
M. Estévez, “Green synthesis of homogeneous gold nanoparticles using sargassum

spp. Extracts and their enhanced catalytic activity for organic dyes,” Toxics, vol. 9,
no. 11, 2021, doi: 10.3390/toxics9110280.

A. Ansari et al., “Green Synthesis of TiO2 Nanoparticles Using Acorus calamus Leaf
Extract and Evaluating its Photocatalytic and In Vitro Antimicrobial Activity,”
Catalysts, vol. 12, no. 2, 2022, doi: 10.3390/catal12020181.

A. K. Shimi, S. M. Wabaidur, M. R. Siddiqui, M. A. Islam, K. P. Rane, and T. S. A.
Jeevan, “Photocatalytic Activity of Green Construction TiO2Nanoparticles from
Phyllanthus niruri Leaf Extract,” J Nanomater, vol. 2022, 2022, doi:
10.1155/2022/7011539.

N. Asghar et al., “Advancement in nanomaterials for environmental pollutants
remediation: a systematic review on bibliometrics analysis, material types, synthesis
pathways, and related mechanisms,” Journal of Nanobiotechnology, vol. 22, no. 1.
2024. doi: 10.1186/s12951-023-02151-3.

S. A. Bhat et al., “Photocatalytic degradation of carcinogenic Congo red dye in
aqueous solution, antioxidant activity and bactericidal effect of NiO nanoparticles,”
Journal of the Iranian Chemical Society, vol. 17, no. 1, 2020, doi: 10.1007/s13738-
019-01767-3.

S. G. Ali et al., “Green Synthesis of Copper Oxide Nanoparticles from the Leaves of
Aegle marmelos and Their Antimicrobial Activity and Photocatalytic Activities,”
Molecules, vol. 28, no. 22, 2023, doi: 10.3390/molecules28227499.

K. Dulta, G. Kosarsoy Aggeli, P. Chauhan, R. Jasrotia, P. K. Chauhan, and J. O.
Ighalo, “Multifunctional CuO nanoparticles with enhanced photocatalytic dye
degradation and antibacterial activity,” Sustainable Environment Research, vol. 32,
no. 1, 2022, doi: 10.1186/s42834-021-00111-w.

S. Dutta, P. Banerjee, P. Das, and A. Mukhopadhyay, “Phytogenic synthesis of
nanoparticles and their application in photo catalysis of dye rich effluents,” in
Photocatalytic Degradation of Dyes: Current Trends and Future Perspectives, 2021.
doi: 10.1016/B978-0-12-823876-9.00024-X.

S. Taghavi Fardood et al., “Green synthesis and characterization of a-Mn203
nanoparticles for antibacterial activity and efficient visible-light photocatalysis,” Sci
Rep, vol. 14, no. 1, 2024, doi: 10.1038/s41598-024-56666-2.




[85]

[87]

[88]

[89]

[91]

[92]

(93]

[94]

[95]

46

V. Latha and S. Pandiselvam, “Carbon nano particles as better adsorbent against
photocatalytic degrader for the rhodamine-b dye,” Journal of Water and
Environmental Nanotechnology, vol. 6, no. 3, 2021, doi:
10.22090/jwent.2021.03.004.

A. Sofowora, E. Ogunbodede, and A. Onayade, “The Role and Place of Medicinal
Plants in the Strategies for Disease Prevention,” African Journal of Traditional,
Complementary, and Alternative Medicines, vol. 10, no. 5, p. 210, 2013, doi:
10.4314/AJTCAM.V10I15.2.

P. Prakash and N. Gupta, “THERAPEUTIC USES OF OCIMUM SANCTUM LINN
(TULSI) WITH A NOTE ON EUGENOL AND ITS PHARMACOLOGICAL
ACTIONS: A SHORT REVIEW,” Indian J Physiol Pharmacol, vol. 49, no. 2, pp.
125-131, 2005.

M. Sanchez, E. Gonzalez-Burgos, 1. Iglesias, R. Lozano, and M. P. Gomez-
Serranillos, “Current uses and knowledge of medicinal plants in the Autonomous
Community of Madrid (Spain): a descriptive cross-sectional study,” BMC
Complement Med Ther, vol. 20, no. 1, pp. 1-13, Dec. 2020, doi: 10.1186/S12906-
020-03089-X/TABLES/10.

N. H. Rakotoarivelo et al., “Medicinal plants used to treat the most frequent diseases
encountered in Ambalabe rural community, Eastern Madagascar,” J Ethnobiol
Ethnomed, vol. 11, no. 1, pp. 1-16, Sep. 2015, doi: 10.1186/S13002-015-0050-
2/TABLES/7.

A. Bansal, C. Priyadarsini, A. Bansal, and C. Priyadarsini, “Medicinal Properties of
Phytochemicals and Their Production,” Natural Drugs from Plants, Jul. 2021, doi:
10.5772/INTECHOPEN.9888S.

Y. J. Zhang et al., “Antioxidant Phytochemicals for the Prevention and Treatment of
Chronic Diseases,” Molecules, vol. 20, no. 12, p. 21138, Nov. 2015, doi:
10.3390/MOLECULES201219753.

B. H. Kiani et al., “Comparative Evaluation of Biomedical Applications of Zinc
Nanoparticles Synthesized by Using Withania somnifera Plant Extracts,” Plants, vol.
11, no. 12, p. 1525, Jun. 2022, doi: 10.3390/plants11121525.

M. Owais, K. S. Sharad, A. Shehbaz, and M. Saleemuddin, “Antibacterial efficacy of
Withania somnifera (ashwagandha) an indigenous medicinal plant against
experimental murine salmonellosis,” Phytomedicine, vol. 12, no. 3, 2005, doi:
10.1016/j.phymed.2003.07.012.

V. Rawat and P. Bisht, “Antibacterial activity of Withania somnifera against Gram-
positive isolates from pus samples,” AYU (An International Quarterly Journal of
Research in Ayurveda), vol. 35, no. 3, 2014, doi: 10.4103/0974-8520.153757.

V. Latha and S. Pandiselvam, “Carbon Nano Particles as better Adsorbent against
Photocatalytic Degrader for the Rhodamine - B Dye,” Journal of Water and
Environmental Nanotechnology, vol. 6, no. 3, pp. 232-240, Jul. 2021, doi:
10.22090/JWENT.2021.03.004.




[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

47

S. Shaikh et al., “Mechanistic insights into the antimicrobial actions of metallic
nanoparticles and their implications for multidrug resistance,” International Journal
of Molecular Sciences, vol. 20, no. 10. 2019. doi: 10.3390/ijms20102468.

“Sci-Hub | The Role and Application of In Silico Docking in Chemical Genomics
Research. Chemical Genomics, 63-91 | 10.1007/978-1-59259-948-6 5.” Accessed:
May 26, 2024. [Online]. Available: https://sci-hub.se/10.1007/978-1-59259-948-6 5

A. Ali et al., “In silico analysis and molecular docking studies of natural compounds
of Withania somnifera against bovine NLRP9.” J Mol Model, vol. 29, no. 6, pp. 1-20,
Jun. 2023, doi: 10.1007/S00894-023-05570-Z/TABLES/4.

X.-Y. Meng, H.-X. Zhang, M. Mezei, and M. Cui, “Molecular Docking: A powerful
approach for structure-based drug discovery,” Curr Comput Aided Drug Des, vol. 7,
no. 2, p. 146, Jun. 2011, doi: 10.2174/157340911795677602.

S. Agarwal and R. Mehrotra, “An overview of Molecular Docking,” JSM Chem, vol.
4, no. 2, p. 1024, 2016, Accessed: May 26, 2024. [Online]. Available:
https://www.researchgate.net/publication/303897563

I. A. Guedes, C. S. de Magalhaes, and L. E. Dardenne, “Receptor-ligand molecular
docking,” Biophys Rev, vol. 6, no. 1, pp. 75-87, Mar. 2014, doi: 10.1007/S12551-
013-0130-2.

D. Seeliger and B. L. De Groot, “Ligand docking and binding site analysis with
PyMOL and Autodock/Vina,” J Comput Aided Mol Des, vol. 24, no. 5, pp. 417-422,
2010, doi: 10.1007/S10822-010-9352-6.

B. Mukesh and K. Rakesh, “MOLECULAR DOCKING: A REVIEW,” Int J Res
Ayurveda Pharm, vol. 2, no. 6, pp. 1746—1751, 2011, Accessed: May 26, 2024.
[Online]. Available: www.ijrap.net

K. K. Chaudhary and N. Mishra, “Central Bringing Excellence in Open Access
OPEN ACCESS A Review on Molecular Docking: Novel Tool for Drug Discovery,”
A Review on Molecular Docking: Novel Tool for Drug Discovery. JSM Chem, vol. 4,
no. 3, p. 1029, 2016, Accessed: May 26, 2024. [Online]. Available: www.pdb.org.

M. Singh et al., “Withania somnifera (L.) Dunal (Ashwagandha) for the possible
therapeutics and clinical management of SARS-CoV-2 infection: Plant-based drug

discovery and targeted therapy,” Frontiers in Cellular and Infection Microbiology,
vol. 12. 2022. doi: 10.3389/fcimb.2022.933824.

S. Ramli et al., “Phytochemicals of Withania somnifera as a Future Promising Drug
against SARS-CoV-2: Pharmacological Role, Molecular Mechanism, Molecular
Docking Evaluation, and Efficient Delivery,” Microorganisms, vol. 11, no. 4. 2023.
doi: 10.3390/microorganisms11041000.

F. Z. Ozeer et al., “A comprehensive review of phytochemicals of Withania somnifera
(L.) Dunal (Solanaceae) as antiviral therapeutics,” Discover Applied Sciences, vol. 6,
no. 4, p. 187, Apr. 2024, doi: 10.1007/s42452-024-05845-x.




DELHI TECHNOLOGICAL UNIVERSITY
(Formerly Delhi College of Engineering)
Shahbad Daulatpur, Main Bawana Road, Delhi-42

PLAGIARISM VERIFICATION

Title of the Thesis

Total Pages

Name of the Student

Supervisor

Department

This is to report that the above thesis was scanned for similarity detection.

The process and outcome are given below:

Software used:

Similarity Index:

Total Word Count:

Date:

Candidate's Signature Signature of Supervisor

48




PAPER NAME
abhisek 8.40 am.docx

WORD COUNT
14499 Words

PAGE COUNT

65 Pages

SUBMISSION DATE
Jun 5, 2024 8:52 AM GMT+5:30

® 8% Overall Similarity

Similarity Report

CHARACTER COUNT
88015 Characters

FILE SIZE
9.6MB

REPORT DATE
Jun 5, 2024 8:54 AM GMT+5:30

The combined total of all matches, including overlapping sources, for each database.

* 5% Internet database
« Crossref database

* 6% Submitted Works database

® Excluded from Similarity Report
« Bibliographic material

« Cited material

» 3% Publications database

« Crossref Posted Content database

* Quoted material

Summary

49




@® 8% Overall Similarity

Top sources found in the following databases:

* 5% Internet database

« Crossref database

* 6% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

dspace.dtu.ac.in:8080

Internet

Higher Education Commission Pakistan on 2018-08-30
Submitted works

Delhi Technological University on 2024-05-28

Submitted works

mdpi.com

Internet

researchgate.net

Internet

HTM (Haridus- ja Teadusministeerium) on 2023-12-25

Submitted works

documents.mx
Internet

link.springer.com

Internet

« 3% Publications database

Similarity Report

» Crossref Posted Content database

2%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Sources overview

50




© ©6 6 ©6 6 6 6 6 06 © 6 ©

Similarity Report

ndl.ethernet.edu.et

Internet

dtusimilarity on 2024-05-29

Submitted works

Kwame Nkrumah University of Science and Technology on 2014-08-11

Submitted works

jfrm.ru

Internet

elibrary.tucl.edu.np

Internet

Debasish Borah, Vishal Mishra, Rupam Debnath, Kheyali Ghosh et al. "F...

Crossref

University of College Cork on 2023-09-17

Submitted works

Sushma Dave, Shivani Dave, Jayashankar Das. "Biological synthesis of ...

Crossref

University of Western Sydney on 2021-09-09

Submitted works

Guru Jambheshwar University of Science & Technology on 2021-09-14

Submitted works

Higher Education Commission Pakistan on 2017-07-03
Submitted works

Kiper, Keturah. "Investigation of Arsenic (AS) and Lead (PB) Mixture De...

Publication

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Sources overview

51




© 6 6 6 6 6 6 6 6 6 6 6

Thangavel Sakthivel, Abiyazhini Rajendran, Ji Woong Chang. "Advance...

Crossref

University of South Florida on 2021-03-27

Submitted works

grin.com

Internet

Cranfield University on 2008-09-01

Submitted works

Min Kim, Min Kyoung Shin, Jung-Suk Sung, Avinash A. Kadam. "Super...

Crossref

Yashdeep Srivastava, Neelam S. Sangwan. "Improving medicinal crops...

Crossref

Yeungnam University on 2018-03-12

Submitted works

creativecommons.org

Internet

dokumen.pub

Internet

ebin.pub

Internet

olympias.lib.uoi.gr

Internet

research.monash.edu

Internet

Similarity Report

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Sources overview

52




© 6 6 6 6 6 6 6 6 6 6 ©

uhra.herts.ac.uk

Internet

espublisher.com

Internet

spandidos-publications.com

Internet

thefreelibrary.com

Internet

www2.mdpi.com

Internet

"Science of Ashwagandha: Preventive and Therapeutic Potentials”, Spr...

Crossref

Denisa-Maria Radulescu, Vasile-Adrian Surdu, Anton Ficai, Denisa Ficai...

Crossref

RMIT University on 2020-01-07

Submitted works

SASTRA University on 2015-05-05

Submitted works

Shivraj Hariram Nile, Arti Nile, Enkhtaivan Gansukh, Venkidasamy Bask...

Crossref

University of Wales, Bangor on 2024-05-24

Submitted works

"Phytonanotechnology", Springer Science and Business Media LLC, 2022 &

Crossref

Similarity Report

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

1%

Sources overview

53




© 6 6 6 6 o6

54

Similarity Report

Dhar, Niha, Sumeer Razdan, Satiander Rana, Wajid W. Bhat, Ram Vishw...

<1%
Crossref
Harshita Gaurav, Divyanshu Yadav, Ankita Maurya, Himanshu Yadav et ... <1%
Crossref .
Higher Education Commission Pakistan on 2018-12-31 <1%
Submitted works .
Javad Sharifi-Rad, Cristina Quispe, Seyed Abdulmajid Ayatollahi, Farza... <1%
Crossref s
Mala Thapa, Samrat Roy Choudhury. "Green synthesized nanoparticles... <1%
Crossref °
University of Bristol on 2013-02-11 &

<1%

Submitted works

Sources overview




55

6/4/24, 8:18 PM ICETSE2024 :: Acceptance Confirmation and Registration Details - abhishekraaz789@gmail.com - Gmail

1
v

= M Gmail Q is:starred X

14
T

&
Compose
i ICETSE2024 :: Acceptance Confirmation and Registration Details
nbox
Starred Akshay . Of Technology icetse2024 «icetse2024
Snoozed Sl
ar ICETSE-2024
Sent Dear ICETSE-2024 Author,
Drafts Warm greetings from Hinweis Rescarch!
We are thrilled to inform you that your sub d paper for International Conference on Emerging Technole
More accepted. Congratulations on this significant achicvement! Your dedication to your rescarch is highly commendable
26-27, 2024 at Akshaya Institute of Technology, Tumkur, Karnataka. The conference is organised by the Akshy
by Hinweis Research.
Labels

https:/ait-tumkur.ac.in/icetse2024/

Here are the important details regarding your acceptance:

Review Result and Acceptance Certificate:

The consolidated review result is attached along with this email. The review result itself is the acceptance certificate.
Publication and Indexing:

All accepted conference papers will be published in the Conference Proceedings with an ISBN Number and will b
visibility of your work

Camera Ready Submission:

To proceed with the publication process, please ensure that your paper adheres to the standard format. Your camers
DOCX format, and it should not ecxceed the stipulated page limit, including text, figures, tables, and re
to icetse2024@ gmail.com




6/4/24, 8:17 PM

= M Gmail

Compose

Inbox
Starred
Snoozed
Sent
Drafts

More

Labels

AISC 2024: Publication in Proceedings - abhishekraaz789@gmail.com - Gmail

14|
Ill

AISC 2024: Publication in Proceedings

Microsoft CMT -

Dear Author,

n at the International Conference on Artifi

for Oral or Poster pres

Congratulations on your paper acceptanc

d in the conference proceed

All the ace s by Springer

pted and presented papers

(Oral or Poster) will be publish

Infornation and Communication Technologi

" series ( 1/17395). The author registra

before June 7, 2024,

AISC 2024 Program Ch

© stop recelving conference emails, you can check the 'Do not send me conference email’

box from your User Profil

soft respects your privacy. Te learn more, please read our Eriyvacy Statepent.

crosoft Corporation
One Microsoft Way
Redmond, WA 98852

56




CURRICULUM VITAE

ABHISHEK RAJ

Add:- 134C/1C/1 CHAKNIRATUL RAJROOPUR

57

Dist. PRAYAGRAJ(UP)
PIN CODE- 211016
Mobile no:- 9889242332
Email-id: - abhishekraaz783@gmail.com

Career Objective

To be recognized as an efficient & competent individual. Being a hard worker
with a positive attitude, | aspire to prove my talent in fast moving competitive
waorld.

Professional Experience

-one month intemnship in a GROW TIPS BIOTECH in plant cell tissue culture .

Academic Qualification

Examinatio | Discipline/Specializat | School/Colle | Board/ Year of
n ion ge University | Passing

M.sc. (Biotech) D.T.U D.T.U pursuing

B.Sc. (Biotech) Ewing AU 2022
Christian
college

12TH Medical Kendriya CBSE 2019
Vidyalaya
New Cantt,
Prayagraj

Matric Medical Kendriya CBSE 2016
Vidyalaya
New Cantt,
Prayagraj




58

Technical Qualification

MS Office
MS Dos
Outlook

Strength

Good interpersonal Skills
Ability to learn new things
Good negotiations Skills

Can shoulder any given responsibility deliver on time

Personal Profiles

Father's Name : Mr. KAMAL KUMAR
Date of Birth : 02/11/1999
Nationality : Indian
Language Known : Hindi, English
Hobbies
o Trekking

e Playing cricket
o Reading scientific books

e Listening to music

Declaration

| do hereby declare that the information given by me is correct and nothing has been
hiding in it. The information is true and believes to the best of my knowledge.




