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Abstract

Nanotechnology holds an emerging domain of medical science as it can be utilized virtually in all areas. Phyto-con-
stituents are valuable and encouraging candidates for synthesizing green silver nanoparticles (AgNPs) which possess
great potentials toward chronic diseases. This review gives an overview of the Green approach of AgNPs synthesis
and its characterization. The present review further explores the potentials of Phyto-based AgNPs toward anticancer
and antiviral activity including its probable mechanism of action. Green synthesized AgNPs prepared by numerous
medicinal plants extract are critically reviewed for cancer and viral infection. Thus, this article mainly highlights green
synthesized Phyto-based AgNPs with their potential applications for cancer and viral infection including mechanism
of action and therapeutic future prospective in a single window.
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Highlights have various applications in many sectors like electron-
ics [1], textiles [2] and most importantly in healthcare as
+ Green approach of silver nanoparticle synthesis using ~ targeted drug delivery, diagnosis, treatment, biosensing

Phyto-constituents is reviewed. for the welfare of mankind [3]. Nanoparticles present a
« Characterization methods of silver nanoparticles are highly attractive platform for a diverse array of biological
discussed. applications. Nanoparticles are more targeted treatments
+ DPotential for anticancer and antiviral activities of for difficult to manage diseases such as cancers.
Phyto-based silver nanoparticles including mode of The biggest challenge in the treatment of cancer is to
action are highlighted. prevent non-cancerous cells from destruction while dam-
+ Therapeutic prospective and future challenges are  aging the tumor cells. Current mode of treatment, either
summarized. oral or parenteral, circulate in the entire body and cause

harm [4]. Targeted drug therapies using nanosized for-

mulations can be a useful approach to rectify this prob-
Introduction lem and only the proliferating cancerous cells will be
Advancement in the field of medical science is uplifted  targeted for cytotoxicity. Nanosized formulations are
by the development of nanotechnology which provides truly remarkable gift for the treatment of chronic disease
tremendous solutions to deal with life-threatening dis-  such as cancer [5].
eases. The nanotechnology is a huge milestone which The viral disease which is the cause of today’s pandemic
has grown the terror to mankind and ruining the world.
Millions of people lost their lives globally, while oth-
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economic crises worldwide. Corona virus the ultimate
villain of this epidemic [6]. Not only coronavirus but
other viruses also develop and spread widely and cause
life-threatening diseases like- HIV, Herpesvirus, Influ-
enza virus, Hantavirus, Ebolavirus, Nipah virus [7]. All
pharmaceutical companies and researchers are engaged
to develop vaccines against the virus. Nevertheless, the
world can't get over it. This alarms urgent research and
development of the new antiviral drug to cure the human
health of life-threatening viruses.

Metallic nanoparticles are attacking much attention
because of their unique properties and use. Nanoparti-
cles of silver metal are the most extensively studied as it
offers tremendous broad-spectrum activities. Research
on AgNPs has made giant strides in nanoscience espe-
cially as antimicrobial, antibacterial [8, 9], antioxidants
[10], antifungal [11], anti-inflammatory [12], anticancer
[13], anti-angiogenic [14], AgNPs are small in the size
range of 10—100 nm with unique Physico-chemical prop-
erties (size, shape, optical activity, electric conductivity,
high surface area). Plant mediated AgNPs are safe, eco-
friendly, cost-effective, rapidly synthesized at the same
time they play a vital role as reducing, stabilizing, and
capping agents. Thus, the green method of synthesizing
AgNPs offers numerous advantages over chemical and
physical methods.

Silver nanoparticles are one of the most vital and fas-
cinating nanomaterials among several metallic nano-
particles that are involved in biomedical applications [4,
5]. Silver nanoparticles have attracted increasing atten-
tion for the wide range of application in biomedicine.
They are used as antimicrobial agents in wound dress-
ings, as topical creams to prevent wound infection and
as anticancer agents [8]. Nano sized metallic particles are
unique and can considerably change physical, chemical
and biological properties due to their surface to volume
ratio, therefore these nanoparticles have been exploited
for various purposes [3]. Green synthesized nanoparti-
cles show high yield, solubility and high stability. Among
several synthetic methods for AgNPs biological methods
seems to be simple, rapid, non-toxic, dependable and
green approaches than can produce well-defined size and
morphology under optimized conditions for traditional
research [5, 7].

This article is an attempt to expose greenly synthesized
AgNPs overviewing their methods of characterization
and application in the field of bioscience. Considering the
literature in this regard, anticancer and antiviral activi-
ties of AgNPs are described with their possible mecha-
nism of action on different cell lines. Before concluding
the article, important therapeutic and future challenges
of AgNPs regarding anticancer and antiviral activity were
discussed.
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Green synthesis

Green synthesis is the biological method of synthesiz-
ing nanoparticles. Green synthesis of AgNPs is the most
accepted method as it provides various advantages over
conventional techniques (chemical and physical meth-
ods). The technique is eco-friendly, easy, no sophisti-
cated instruments and chemicals are required. No toxic
chemicals are involved as reducing agents and stabilizing
agents are derived from plants [15]. Plants provide free
reducing, stabilizing, and capping agent and also cost of
microorganism and culture media is reduced. Ultimately
reducing the overall cost of the formulation [16, 17]. This
method is a good alternative to conventional methods of
nanoparticles synthesis. The product formed using this
method is more stable with the desired shape and size
[18, 19].

Naturally occurring phytoconstituents consist of
numerous primary and secondary metabolites such as
proteins, amino acid, vitamins, nucleic acids and alka-
loids, terpenoids, flavonoids, saponins, phenols respec-
tively [20]. These primary and secondary metabolites in
plant extract act as reducing agents for silver ions by get-
ting oxidized and coats the newly developed particles. In
the presence of oxygen, such as in silver nitrate (AgNOs),
these metabolites lose their electron and become oxi-
dized via common cellular procedures, thus act as reduc-
ing agents [21, 22] (Fig. 1).

The process of green synthesis begins when the plant
extract is mixed with silver nitrate solution. Over a cer-
tain period of time, the change in the color indicates the
formation of nanoparticles. Silver nitrate solution which
has positive ions (Ag +) converts to zero-valent state
(Ag® species) when plant extract or active constituents
from plants are added to it, which acts as a reducing
agent. Then the nucleation process begins which is fol-
lowed by the immediate growth phase. This leads to join
smaller particles to form larger nanoparticles which are
more stable thermodynamically. Finally, different shapes
of nanoparticles are formed like cubes, spheres, triangles,
hexagons, pentagons, rods, and wires. Several factors
that affect the synthesis and formation of nanoparticles
are pH, temperature, the concentration of plant extract,
reaction time, the concentration of silver nitrate, pres-
sure, and others [23, 24].

Phytoconstituent of the plant act as an excellent reduc-
ing and stabilizing agent. The flower extract of Loni-
cera hypoglauca flower act as reducing and capping
agents in the synthesis of AgNPs and possesses antican-
cer activity [25]. Artocarpus integer leaf extract was used
to synthesize AgNPs and formed the spherical NPs of
5.76 nm to 19.1 nm [26]. Catharanthus roseus extract
used to synthesize AgNPs showed the presence of alka-
loid of indole type which acts as a reducing and stabilizing
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Fig.1 Synthesis of AGNPs through Green synthesis method
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agent [10]. Greenly synthesized AgNPs using leaf extract
of Clitoria ternatea and Solanum nigrum showed anti-
bacterial activity against nosocomial pathogens. The syn-
thesis of nanoparticles was confirmed by UV, FTIR, SEM,
and XRD [27]. Abelmoschus esculentus (L.) pulp extract
was incorporated to form AgNPs of 3-11nm and showed
anticancer and antimicrobial activity [28]. Besides these,
several other types of research show well-developed
nanoparticles using the green synthesis method and their
potential role in medicine.

Characterization of plant-based silver
nanoparticles-

Different factors modulate the characteristics of AgNPs
like shape, size, crystallinity, surface charge, surface coat-
ing, and biological activity. There are several technologies

available to study the characters and properties of nan-
oparticles such as Ultra-violet visible spectroscopy
(UV-vis), X-ray diffraction (XRD), Fourier Transform
Infrared (FTIR) spectroscopy, scanning electron micros-
copy (SEM), Transmission electron microscope (TEM),
Dynamic light scattering (DLS), Atomic Force Micros-
copy (AFM) (Fig. 2).

UV-vis spectroscopy

UV-Vis spectroscopy is the simple, effective, and pri-
mary characterization technique used to determine the
stability, optical properties, and the synthesis reaction
conditions such as time, temperature, and pH [29]. The
free-electron oscillates and produces charges over the
surface of nanoparticles under electromagnetic radiations
as a result of the SPR effect [20]. The process of AgNPs
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synthesis is the coloured reaction and shows strong and
sharp absorption bands under the visible region in the
range of 400-500 nm [30]. Curcumin loaded AgNPs syn-
thesized with different concentration of pure curcumin
as 0.005 g (C0), 0.1g (C1), and 0.25g (C2) showed absorb-
ance spectra at 427 nm, 428 nm, and 445 nm for C0, C1,
C2 respectively [31]. Salvia spinosa grown extract loaded
green synthesized nanoparticles has shown broad bell-
shaped spectrum curve in UV-Vis analysis [32]. Similarly,
the change in the color of the reaction and reduced silver
ions can and has been measured using UV-Vis spectros-
copy in many studies [33-36].

X-Ray diffraction (XRD)

XRD is a characterization methodology for measuring
the crystallinity of the AgNPs. X-rays strike the crystal
surface and interact with the atoms. The atoms arrange
themselves at a proper distance on the crystalline plane
and show a pattern of diffraction [20, 30]. XRD charac-
terization method is been used in different researches to
determine the crystallinity of green synthesized AgNPs.
AgNPs prepared using aqueous leaf extract of Urtica
dioica Lin resulted crystalline structure by showing aver-
age particle size ~25 nm. The sample show strong reflec-
tion at 38.45°, 46.35°, 64.75°, and 78.05° that attributes to
111, 200, 220, and 31lcrystalline plane [37]. Similarly,
XRD pattern of AgNPs prepared using Pedalium murex
leaf extract showed peaks at 38.19°, 44.37°, 64.56° and
77.47° attributes to the crystalline plane of 111, 200, 220,
and 311 with average size of 14nm [38]. The XRD pattern
obtained from the silver nanoparticles synthesized using
the leaf extract of Clitoria ternatea has shown intense
peak at 28, 33, 38, 44, 46, 55, 58, 65 and 77 and silver nan-
oparticles synthesized using the leaf extract of Solanum
nigrum has peak at 28, 32, 39, 45, 55, 57, 65, 69, 75 and 77
which are induced as crystalline silver [27].

Fourier transform infrared (FTIR) spectroscopy

FTIR is a highly reliable analytical method that detects
and displays elements, chemical structure, chemical
bonds, functional groups, and bonding arrangements of
molecules [9, 39]. AgNPs characterization through FTIR
is done to identify the molecules which act as coating
and stabilizing agents and also to detect the reduction of
silver ions [20]. The FTIR spectra shows that amide and
carboxylic functional groups may be responsible for the
reduction or capping in the green synthesis of AgNPs
[30]. Greenly synthesized AgNPs using leaf extract of
Catharanthus roseus shows major peaks at 2401, 2073,
1706, 1084, and 8208 cm™ which indicates the presence
of different functional groups such as carboxylic acid
group (O-H), Alkynes group (RC=CH), ketone group
(C=0), Alcohol and amide groups, and phenyl ring,
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primary and secondary amine (N-H) group respectively
[9]. Tectona grandis seeds extract loaded greenly syn-
thesized nanoparticles FTIR spectrum showed bands
at 1745, 1643, 1508 and 1038 cm-1 were assigned to
stretching vibration of C=0 bond of carboxylic acid or
ester, N-C=0 amide bond of proteins, nitro compounds,
C-N amine bond respectively [40].

Electron microscopy

Electron microscopy is the high-resolution microscopy
and the most accepted method to determine the mor-
phology of the nanoparticles. This includes scanning
electron microscopy (SEM) and Transmission Electron
microscopy (TEM). The greenly synthesized AgNPs
can be visualized when the electron beam strikes the
nanostructured particles. Structural characterization of
AgNPs using electron microscopy provides qualitative
and quantitative information regarding the size, shape,
size distribution, dry diameter distribution [20, 30].

Scanning electron microscopy (SEM)

SEM visualize the surface morphology of the sample. The
image is obtained when the electron is reflected from the
surface of the sample [20]. The high-resolution image of
the surface of nanoparticles which enrich us with valu-
able information like size, shape, topography, composi-
tion, electrical conductivity, and other properties [30].
There are many examples of greenly synthesized AgNPs
characterized by SEM. SEM analysis of Acetyl-11-keto-f3-
boswellic acid mediated AgNPs (AKBA-AgNPs) showed
spherical shape AgNPs with size range of 6-70 nm [41].
Similarly, AgNPs prepared using root extract of Glycyr-
rhiza glabra and leaf extract of Artemisia turcomanica
showed particles diameter as 20-30 nm and 21.22 nm
respectively [17, 42]. FESEM of Tectona grandis seeds
extract loaded silver nanoparticles shows the presence
of oval, spherical shape nanoparticles. The AgNPs were
in the range of 10-30 nm and confirms the face centred
cubic (fcc) crystalline structure of metallic silver [40].

Transmission electron microscopy (TEM)

TEM provides the direct visualizes of the image which
is obtained from the transmitted electron. It gives the
structural and chemical behavior of the nanoparticles at
a high electron beam with high resolution [20]. Greenly
synthesized AgNPs have been characterized and visual-
ized using TEM by many researchers. AgNPs prepared
using leaf extracts of Viburnum lantana, Couroupita gui-
anensis, and Malachra capitata resulted in size range of
20-70 nm, 25—-40 nm, 30—35 nm respectively and possess
predominantly spherical shape [43-45]. Lysiloma aca-
pulunsis extract loaded silver nanoparticles TEM analy-
sis showed the crystalline structure with visible lattice
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fringes [46]. The photographic image is formed when
the sample and the high-intensity electron beam inter-
act with each other. It is the most accepted technique
to study the formation of AgNPs by directly visualizing
the image of the nanoparticles. It has a unique ability to
detect the core structure, diameter, size, shape, etc. [30].

Atomic force microscopy (AFM)

AFM is also used for the analysis of the size, surface mor-
phology, mechano-structural and physical properties by
phosphorus-doped silicon probe [20]. For characteriza-
tion, the sample of AgNPs is prepared by dissolving in
water or ethanol and the droplet is applied to the silicon
substrate and allowed to dry. After drying, AFM analysis
of the silicon-substrate which consists of the sample on it
is done using a probe [30]. Tamoxifen-loaded AgNPs on
AFM studies showed average size range 17.5 & 2.5 nm
[47].

Dynamic light scattering (DLS)

DLS provides the diameter of particles present in the for-
mulation which are dispersed in the liquid. It determines
the size of the AgNPs colloidal suspension. DLS is based
on the principle of scattering of light. DLS is been used
widely for the characterization of AgNPs which are syn-
thesized using phytoconstituents [38, 48]. The dispersed
particles in the colloidal suspension scatter the light and
as a result the image of the particles is obtained and size
distribution can be determined in the range of 0.3-10 pm
[20]. Pedalium murex leaf extract mediated AgNPs
showed the average particle size distribution of 73.14 nm
[38]. Similarly, AgNPs synthesized using Salvia miltior-
rhiza extract showed the particle size 128 nm [49].

Zeta potential analysis

Zeta potential analysis is usually done to determine the
surface charge and stability of the formulation. By this
analysis, one can evaluate the colloidal stability of the
greenly synthesized AgNPs by quantifying the velocity
of the nano-sized particles. Under the influence of the
electric field, the velocity of the particles is evaluated at
which they travel towards the electrodes [20]. AgNPs
synthesized using seed extract of Nigella sativa and
leaf extracts of Gloriosa superba and Cynara scolymus
showed that particles possess negative charge with the
potential of — 18.8 + 0.372, — 27.0, and — 32.3 + 0.8 mV
respectively [50-52]. Zeta potential of the Phyla dulcis
extract loaded silver nanoparticles was analyzed and val-
ues were between — 20 and — 24 mV indicated that the
AgNPs are relatively stable [53].
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Plant- based silver nanoparticles for cancer
Cancerous cells evade apoptosis or programmed cell
death and continue to proliferate. The aforementioned
is the hallmark of cancer cells and the major focus of
cancer therapy development. Plant-based nanosized sil-
ver is emerging to tackle cancer effectively. Two signally
pathways i.e. intrinsic pathway and extrinsic pathway
that exist for the activation of programmed cell death
or Apoptosis. DNA damage or severe cell stress triggers
apoptosis which is depriving in cancerous cells. Greenly
synthesized AgNP using a bioactive fraction of Pinus rox-
burghii were reported to possess cytotoxic activity against
lungs and prostate cancer cells. Apoptosis was examined
to be induced through the intrinsic pathway via mito-
chondrial depolarization and DNA damage. An increase
in ROS, cell cycle arrest, and caspase-3 activation also
leads to apoptosis of cancer cells [54]. AgNPs synthesized
utilizing Phyllanthus emblica leaf extract showed anti-
cancer activity against Hepatocellular carcinoma (HCC)
[55]. AgNP-dipalmitoyl-phosphatidylcholine composites
forming liposomes (Lipo-AgNP) were found cytotoxic by
inducing ROS formation and DNA damage. Activation of
proapoptotic protein Bax and inhibition of Bcl-2 protein
leads to the release of cytochrome C and gradually acti-
vates caspase causing apoptosis in macrophages [56].
Biosynthesized AgNPs using phycocyanin reported
antimicrobial and anticancer activity. Cytotoxic action
was investigated against breast cancer cell line and Ehr-
lich ascites carcinoma bearing mice (IC50 — 27.79 £
2.3 pg/mL) [57]. AgNPs of two size- 2 nm and 15 nm,
were investigated for anticancer activity against MCEF-7
and T-47D cells and determined to induce Endoplasmic
reticulum stress via unfolded protein response (UPR)
and also enhances activation of caspase 9 and caspase
7 causing cell death [58]. AgNPs are also confirmed to
exhibit strong cytotoxic by arrest cell cycle at the G2/M
phase. In an investigation on A549 lung epithelial cells,
it is reported that AgNPs strongly downregulates protein
kinase-C (PKC{) which leads to the capitulation of the
cell cycle at the G2/M phase. AgNPs are further involved
in the upregulation of P-53 protein, Bax and Bid, cas-
pase-3, generation of ROS, and downregulating antiapop-
totic protein-Bcl-2 and Bcl-w [59]. Cynara scolymus also
recognized as Artichoke, were employed to synthesize
AgNPs and further research for anti-tumor activity with
photodynamic therapy revealed that AgNPs modulates
mitochondrial apoptosis via generation of ROS, regulates
the apoptotic proteins and cause MCF7 breast cancer
cells death [52]. Similarly, Moringa oleifera [60], Tropae-
olum majus [61], Punica granatum [62], Gloriosa superba
[51], Teucrium polium [63] plant extract used to synthe-
size AgNPs and reported to be cytotoxic against cancer
cell lines. There are numerous related investigations and
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research that evidence that AgNPs are the potent and
effective candidate for cancer therapy. The target cancer
treatment is also possible using AgNPs.

Mechanism of action

The process of apoptosis starts with several stages of
apoptotic protein activation, DNA damage, mitochon-
drial degradation, the formation of Apoptosome, and
ultimately cell shrinkage. These become the major impor-
tant targets to be utilized in cancer therapy. Silver nano-
particle acts on certain target areas and shows anticancer
activity.

Recent researches state that AgNPs majorly works by
enhancing Reactive oxygen species (ROS), increasing
oxidative stress, and DNA destruction. ROS maintains
the normal cellular homeostasis which is crucial for cell
survival. ROS involves in the cellular transduction sign-
aling pathways and forms as a free-radical by-product
from cellular metabolism [64]. An extreme amount of
intracellular ROS cause DNA, lipid, protein damage as a
mechanism for AgNPs induced toxicity [28, 65, 66]. One
of the studies reveals that through reverse transcription-
polymerase chain reaction (RTq-PCR) techniques pro-
apoptotic gene upregulation in AgNPs treated HCT-116
cells [67]. In the process of apoptosis caspase enzymes
play an important role. Up-regulation in the expression
of caspase 3, caspase 8, and caspase 9 excessively increase
the induction of apoptosis. AgNPs treatment to HCT-116
cells exposed up-regulation of pro-apoptotic enzymes-
caspase3, 8 and 9, and also PUMA (mediator of apoptosis
linked to p53) resulting to induce apoptosis [67, 68]. P53
is the protein mediator that controls and regulates stress
signals related to apoptosis and cell cycle arrest [68].
AgNPs treatment on A549 lung epithelial cells indicates
the up-regulation of p53 which leads to the arrest of the
cell cycle at the GO-G1 phase and stops the cell division
(59, 69]

Green synthesized AgNPs using Coptis chinen-
sis describes the mechanism of action as AgNPs increase
the expression of pro-apoptotic proteins- Bax and Bak
and decrease anti-apoptotic Bcl-2 and Bcl-XL protein
[70]. B-cell lymphoma-2 (Bcl2) protein is a family of pro-
apoptotic protein and anti-apoptotic protein, which are
involved in the regulation of apoptosis. The pro-apoptotic
proteins are- Bax and Bak, which initiate and stimulate
the process of apoptosis. In the class of anti-apoptotic
protein include- Bcl-2 and Bcl-XL protein, which are
involved in the suppression of apoptosis [71, 72].

Vascular endothelial growth factor (VEGF) causes
angiogenesis which can proliferate the tumor cells and
can transform the tumor from benign to a malignant
state. Angiogenesis is the formation of the new blood
vessel from the existing blood vessels. This is promoted
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by VEGE which acts as a pro-angiogenic factor via
VEGE-2 receptor (tyrosine kinases) [73, 74]. The mecha-
nism of action of AgNPs is extensively elaborated in an
investigation that reveals VEGF-induced proliferation by
angiogenesis is suppressed by AgNPs. AgNPs are con-
sidered as the potent anti-angiogenic agent that inhibits
VEEFG [14, 74]. AgNPs activate apoptosis through cellular
damages, anti-angiogenic pathway, and caspase cascade
pathway. Schematic mechanism of action of AgNPs for
anticancer activity is depicted in Fig. 3. Various Plant-
based Silver Nanoparticles have been developed for vari-
ous anticancer activity. Their mechanism of action and
other findings including cell model used for evaluation
are summarised in Table 1.

Plant-based silver nanoparticles for viral-infection
The viral infection is a complicated infection to treatment
as a virus multiply and spread quickly. Various emerg-
ing life-threatening viruses already exist overpowering
humans which involve coronavirus, Ebola virus, dengue
virus, HIV, Influence virus. There is an increase in studies
on AgNPs as an efficacious antiviral agent. The mode of
antiviral action of AgNPs, as described in various stud-
ies could be- intracellular by blocking viral replication or
extracellular by interacting with viral protein (gp120) and
blocking the entry which could be different for a different
type of virus (Fig. 4). AgNPs are considered to the potent
and novel pharmacological agent possessing effective
antiviral activity against feline coronavirus (FCoV) [105],
Influenza virus [106], HIV [107], Adenovirus [108], Her-
pes simplex virus [109], Dengue virus [110, 111], Chikun-
gunya virus [112], Norovirus [113], bovine Herpesvirus
[114], Human parainfluenza virus type 3 [115].

Mechanism of action

Mode of action of AgNPs as viricidal in HIV-1, is
described as AgNPs targets the gp120 and inhibits bind-
ing to host cell membrane. This leads to blocking entry,
fusion, and infectivity [116]. The schematic mechanism
of action of AgNPs for antiviral activity is depicted in
Fig. 4. AgNPs interferes with the Viral replication and
inhibits the release of new virus progenies at non-toxic
dose 10-25 pg/ml in the size range of 10nm in a study
against Tacaribe virus (new world arenavirus) [117]. The
envelope of the H3N3 influenza virus consists of two
main glycoprotein- Hemagglutinin and Neuraminidase.
AgNPs were tested for the inhibition of Hemagglutinin
glycoprotein in an investigation. The hemagglutinin is the
main protein that binds to the host membrane receptor.
AgNPs inhibit Hemagglutinin through interfering with
the disulfide bond present on the molecule and protect
the host cell by inhibiting viral genome entry and fusion
[118].



Jain et al. Micro and Nano Syst Lett (2021) 9:5 Page 7 of 24
Extracellula.r stlmulatlon
A5 Ligand (TRAIL)
G A oNPs ¥ Death receptor (DR4, DRS5,

AgNPs increase the peuneﬁbxht}

L RN AU oductwn of mitochondrial membrane

Formation of new blood vessels in tumor

pro-caspase-8
Mitochondria

......... v @
Bak ‘< .......... P + AgNPs

Bax tBid Bid
C‘ tochlome c

Supply nutrients, oxygen AgNPs

to tumor cells

+
AgNPs

; cleaved caspase-8

v
mpro-caspased
4& £ Apaf-1 ‘cleaved caspase-3, '+ AL
- e poptosome ¥

@ «

>
pro-caspase-9

Cell cycle arrest at G2/M phase

AgNPs

AgNPs damage DNA

cleaved caspase-9
t AgNPs \ 4

[ APOPTOSIS
. _> Ondam‘e
AgNPs _ > % L__Smss

Fig. 3 (1) AgNPs upregulates caspase-8 which leads to stimulate and activate pro-apoptotic proteins- Bid, tBid, and further increase the release of
cytochrome C from mitochondria which activates Apaf-1, then forms Apoptosome. Following the formation of Apoptosome, caspases are activated
and result in apoptosis. AgNPs also directly upregulates cleaved caspase-3 to increase the process of apoptosis. (2) AgNPs results in mitochondrial
apoptosis by increasing the permeability of the mitochondrial membrane and reducing the production of ATP. AGNPs also upregulates the
apoptotic protein- Bak and Bax, which increase the release of cytochrome C and induce apoptosis. (3) AGQNPs acts on genetic material DNA and
causes damages by the increasing generation of ROS that causes oxidative stress and damages the DNA. These nanoparticles inhibit the protein
kinases (PKC) and cause cell cycle arrest at the G2/M phase. AgNPs upregulates P-23 Protein which is responsible to activate the apoptosis process
by activating other pro-apoptotic protein. Following the DNA damage intracellular pro-apoptotic proteins are released to activate caspases and
cause cell death. (4) Vascular endothelial growth factor (VEGF), which is the pro-angiogenic factor involved in the activation of signaling pathways
that promotes cell proliferation and migration through tyrosine kinase receptor (VEGFR2) and cause angiogenesis in tumor cells. This mechanism is

inhibited by AgNPs by suppressing VEGF induced cell proliferation

In an investigation against Herpes simplex virus type-1
(HSV-1), AgNPs capped with mercaptoethane sulfonate
at 400 pg/ml completely block HSV-1 infection [119].
AgNPs also inhibit early phase replication of HSV-2 at
a non-toxic concentration of 100 pg/ml in VERO cells.
The study also revealed that at a low dose of 6.25 pg/ml,
the AgNPs could inhibit the new progeny release and at
a high dose of 100 pg/ml viral replication is inhibited. It
was also suggested to coat Vero cells with polysaccha-
rides to protect the cells from AgNPs cytotoxic effects
[109]. Another study on herpes simplex virus and human
parainfluenza virus type 3 using biologically synthesized
AgNPs clarify that AgNPs interfere and decrease replica-
tion of virus depending upon the size and zeta potential
of AgNPs [115].

The size-dependent interaction of AgNPs (1-10 nm)
against the HIV-1 virus was investigated in research
work. The study revealed that AgNPs act as viricidal
against the virus by inhibiting the binding of the virus to
host cells through interacting with gp120 protein of virus
envelop [107]. AgNPs synthesized using marine actino-
mycetes possess antiviral activity against new castle viral

disease. Nanoparticles of 1-10 nm size are said to inter-
act with gp120 and may inhibit the binding of the virus
to cells [120]. AgNPs loaded with curcumin were studied
antiviral activity against Respiratory syncytial virus infec-
tion (RSV). Infected Hep-2 cells were treated with Cur-
cumin loaded AgNPs showed inactivation of the virus.
The study suggested that Curcumin loaded AgNPs inhib-
its the entry of RSV into the Hep-2 cells i.e. blocks the
attachment [121]. The study of AgNPs coated magnetic
hybrid colloid, against Bacteriophage fX174, murine nor-
ovirus (MNV), adenovirus serotype-2 (AdV-2) describes
that the fore-mentioned complex showed interaction
with the viral surface and might damage viral protein
[122]. Similarly, AgNPs-chitosan composites antiviral
activity against the influenza virus [123]. Various Plant-
based Silver Nanoparticles have been developed for
antiviral activity. Their mechanism of action and other
findings including cell model used for evaluation are
summarised in Table 2.
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Fig. 4 (1) AgNPs interact with the viral surface protein (gp120) in enveloped and unenveloped virus. (2) AGNPs blocks the penetration of virus into
the host cell. (3) AgNPs blocks the cellular viral entry to Nucleus. (4) AgNPs inhibits the viral replication by blocking viral genome
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Therapeutic and future challenges of plant-based
silver nanoparticles

Green synthesized AgNPs are the emerging area of
research with enormous potent activity. Plant-derived
phytoconstituents used for green synthesis, are the
numerous sources of potent drug providing excellent
activity to fight and destroy the devastating diseases like
cancer and viral infection. The size, shape, and surface
charge of AgNPs have a direct impact on their biologi-
cal activity. Thus, complete profiling of pharmacodynam-
ics and pharmacokinetics is needed to understand the
exact mechanism, distribution, toxicity, and side-effects.
Some limited controlled studies suggested the toxicity of
AgNPs in macrophage immune cells, but there is a vast
difference between in vitro and in vivo condition [143,
144).

After reviewing recent studies on AgNPs regarding
cancer and viral infection leads to indicate some issues
and limitations. (a) Detection of specific targets that
AgNPs targets to kill the cancer cells to produce a tar-
geted drug delivery system of AgNPs. (b) Identification
of specific viruses against which AgNPs are efficiently
potent. (c) Detection of specific combinations with which
AgNPs show maximum potency for cancer and virus
infection therapy. (d) Extensive studies are needed in vivo
to develop clinically used AgNPs as a dosage form to treat
the chronic disease like cancer. (e) The exact mechanism

involved in the synthesis of green AgNPs is needed to
be cleared. (f) Detailed studies on the toxicity of AgNPs
in vivo is to be examined well.

Further many approaches can be utilized to increase
the potency of nanoparticle of silver as by combining or
hybridization. Magnetic hybrid colloid coated on AgNPs
showed excellent results against specific viruses by inhib-
iting viral protein [122]. Viral infections whose mecha-
nism is very typical to understand can be overpowered
by using nano-sized particles. Several approaches to
improve anticancer activity can also be made in nano-
scale silver. Recently, a patent filed by Vijayan S. and Jisha
MS reporting the antitumor and antimicrobial activity of
bio-synthesized AgNPs using Withania endophyte Colle-
totrichum gloeosporioides conjugated with chitosan
(patent publication number-2011841032445). Likewise,
further work is necessary to achieve the optimum know
how and understanding of AgNPs for different potent
activity. AgNPs are prominent and can prove to be the
boon in the field of nanotechnology by which excellent,
effective, efficient and very potent nanoproduct can be
formulated to treat the giant disease like cancer.

Conclusion

This review comprises the therapeutic prospective of
green synthesized AgNPs in the treatment of cancer and
viral infections. Here, we first gave an overview of the



Page 15 of 24

(2021) 9:5

Jain et al. Micro and Nano Syst Lett

Wu 807 -SdNBY
WINJ9s-aulA0g

SINPY WnJIas
-9UIN0q ‘SdNBY
pa1e0d-UOQIeD

wu 619l '(SdNDBY pa1e0d
'SNJIA sisAjeue -pa1eod-uogie) -dAd) poyraw
4o u1R101d0dA|D SINBY yim SIEN) wu €69 'Sg3 SIA |0K|0d—sSIsaya
(01l Tw/Brigz SyI yuMIDRIR|  L-AIH JO UOIIGIYU]  L-AIH IDVIAD ‘T-LA -Po1e03-dAd [esuayds AN W3LS ‘W3L L-AIH -UAs [eoiwsyD
1018
WIS ‘AeSsy
oye1dn ueixag
"Ressyy 11N
‘Aessy [eDOJU0D
uondiospy ADVA
‘Ressy A11u3
[RJIA ‘ARSSY 958D
-1S0)0B[ED)-P1Dg
Anus ‘Kessy anbe|d (sdNPY padded
syl salapaul  uondiospy ADVA e1oH 90B4INS-UoU)
Bzl]  w/BreeFy g sisoikoouidoiepy ‘Aessy anbeld  ‘1-D-59 9/ OYIA ‘WUl Fwu Gz [eduayds Qdx ‘WL STUIA BIUIDDBA  SISSUIUAS [ed1wayD
HIES
‘siskjeue 35vd (144D) Asupny
-5 ‘Aesse [x01 EVIETEEEN
-014) ‘sisA|eue -|l9pueld pue (sdNBY
i 10|q UI2ISIM (£50C-YA-DDLY) 's7Q Adodson pazi|icels-a1end)
[e11] /B1001 870G 'ST  [BPIDUIA DIX01014D) ‘Kesse A1IAIID)U| 0877 UlBAS AD4 WU Q| pue’s/ ol [eouayds  -2ads SSeN NIS  SPUIADIRD Ul SISDYIUAS [edjuayd)
siskjeuy (AdNWIg)
SNIIA Kel-x aAIs1adsig SNUIA SISOIPaY (uondnpal
JO surIqUISW Abiaug ‘siskjeue (ow WD WAY ‘W3L -Kj0d Jes|pnN -01g) SISOYIUAS
[zzi] - e Yimdelan I9Vd-5AS  XAQquiog) wiomy|is wr 7'1-£80 uoipayexoH 'X¥Qa3 'WIS-4H How xAquiog |ed1bojoig
[eouayds (sa12ds snjjoog)
SNUIA JO pue [euobexaH H114's1a SNIADIESOW  BLS1Deg Buisn SIS
ozl - ymolb ayruqiyul VZIN3'4Dd-1d  bgpj DIDIA JO SPass wuze—/£/ Jenbuen  ‘WIL'XA3 ‘SIA-AN MOJ|2A UBSg  -B3UAS [ed1boolg
SpaaMeas
Aesse |eslAlue WIL BuIsn SISSYIUAS
[szL vell ez ql 2IX0301A) "Aesse 21x01014) S|[93 OI9A wu /-8 [eouayds  ‘¥X Il SIA-AN ZT-ASH PUB L-ASH |ed1bojoig
Kesse Juaul
-1eanaid SnuIA
‘Aesse 1uawieal)
-150d ||9 ‘Aesse ¢ 9dA] snuip
1uawiealald ezuanjjuleled
uoned |92 ‘Aesse Juaw lenuaiod uewINH 19 SNUIA 1buny buisn sis
[S11] “qui/bw 01-%°q)  -Ijdal [elA suqIyU] -1ea110D ‘Aesse | [N S92 OYIA WU O pue WU 9f [eousyds ez ‘SIN-AN WAL xa|dwiig sadiaH  -ayiuAs [eaibojolg
sia3dweled sdNBY
uolnenjeay J0O sISs9YluAs
S3dUIRYBY sasoq YOW /sKessy |opow [elip azIs adeys uoneziisdeieyd SnJIA Jo 9dAL Jo poyls|y

ANAIIDE [RJIAIIUE 10§ S3DIRdOUBN J9A|IS Paseg-lueld Z dlqeL



Page 16 of 24

(2021) 9:5

Jain et al. Micro and Nano Syst Lett

‘sishjeue Ydd-14
‘SisAjeue 12949
o1y1edolfo ‘Aesse
9dUadsAION|OU
-NWW| 10311puU|
‘Kesse anbe|d
'AeSSe 411 [RJIA

[|92 1504 o1l ‘Kesse (05QIDL) '19715-819Z uonddyU| (SdNBY pay
AJ3U3 SHgIyul S9SOP SNOdAUI Y14 WIS WAL SNUIA [BIIADUAS  -IpOoW UjUINDIND)
[zt ‘SNJIA 91eAIIDRU| 2IN3ND ANSSI|. s||92 z-doH WU EZO0FS6LL |eouayds SINAN 'SAX 'S1a Kioreaidsay  SISOUIUAS [ediuwayd)
Kesse
onbeid 'ys|13
uolsny Juanald ‘sisAjeue uon
‘sut101dodA|D -ONIISqO Aemiry 1e|O9Aje URWINY (ASY) SPUIA (el (dAd pa1e02)
[Lel] Jw/br 05 YHM 10BID1U| 'sKesse yDd-14b ©) 5|92 675V wu z1-8 |eousyds WL WIS -3A0UAs Aiojendsay  SISSYIUAS [edjuayd)
(SINVd) sebeydou 13zZ1)1qe1s
AlARDe  AlAIDE SNUIARUY -DeW Jej03Ae (AdSY) SNIIA - se uesoyd buisn
[os1] wdd g/ 0 |esiAlue buois 1531 A1DIX01 |19 duipiod Atewild wu 4| [eouayds SIA-ANINTL J9AS) SUIMS UBDLJY  SISDUIUAS [eDIWDYD
Apnis sgN-By
YlM JUaWieal
UOI129JUl-150d (SdNDY po1e0d
uon "YDd dwil [eal apueyddesAjod
-eolidal [eaIAJO  1USWIBIS G ‘Aessy (AYDL) pue pa1eodun)
[Z11] jw/bri gz abeis Ajea sugiyul UoRIgIyu| [BIA HIEXIETN wu Gz pue Q| |eouayds WL SNJIA 9q1IedR|  SISSUIUAS [BDIWDYD
‘SisA[eue $109}J2
o1y1edoifd
'SdN-BV Jo 10949
Bujuonouny jew L-AHOg-huy
-10oU [eJIA NqIyUl ‘Aesse paseq ‘O%H
pue ujy04d -J11}3WI0j0d 1921s [-Snl dAd ‘@1end buisn
6zl pLL] w/br 7 -0DAIb 03 yoeny  ‘Aesse A121x01014) S|l HgdW WU gz-0¢ [eouayds ez 'SIA-ANWIL  -IASdISY SUIAOG  SISOUIUAS [B2IWSYD
d40d-14
‘sisAjeue 9oUD
-s2J0N[ouUNWIWI
‘Resse | [N pIoe diuue] buisn
[801] Jw/bn €6 YNNG Yim 10e1a1u| 1531 A1DIX01014D S||90 e19H WU 06-0/ uoJpayexaH INIL € 9dA1SnIIA OUSPY  SISSYIUAS [edjuayd)
si9)oweled sdNBV
uonenjeay Jo s1sayjuAs
S3DUIDYDY sasoq YOW /sKessy |opouw [elip azIs adeys uoneziiaydeieyd snJIA Jo 9dAL Jo poyis|y

(panunuod) g ajqey



Page 17 of 24

(2021) 9:5

Jain et al. Micro and Nano Syst Lett

(zApY)zadAr019s
sAesse SNIIA OUSPY
Buneod [ein (dDd-14) YDd ‘(ANW) snJiroiou (SINDBY -spiojjod
sbewep ‘uir01d uebe| swn NEls| SQULNIA 'PZLX  PUGAY d11ubey)
[gc1 ‘zzl] wdd 00p-G'ZG  |edA YuM 1DeIa1u|  -|eay ‘Aesse anbejd - wu Q¢ pue ‘s ‘z [eouayds 'SAQ3 ‘WL 'W3s -obeydonaideg  SISOUIUAS [eDIWYD
Kessy
uonIgIyu| SNIIA
Aesse (QIDL) VoL (Aag) opIxXo
uier01d eiiA 350P SNoIdYUI N4V ‘'SdX ‘ayX SnIIA 9seasig auaydelin Buisn
[soll /bW GZL0 Ul Yim sasspiaiu| 2INYNS aNssi| s|®2 1-4d wu gz pue g [eouayds  ‘W3S-34 'W3IL-HH [BSING SNONDRJU| - SISBYIUAS [EDIWIBYD
Kessy
11 sainydni pue uonIgIyu| snIIA
SNJIA BUOIOD JO ‘Kesse (QD.L) HIEs ‘YOI SpIx0
sueiquiaw pidi| 950p SNOIJJyYUI (f-4M2)) $-SN19} WAV ‘'SdX ‘adX (n02) auaydeis Buisn
[soll JW/BW L0 Sy Ylim s31ap1U| 2INYNDBNSSIL  2|OYM MDD 5/[24 wu Gz puesg [eouayds  ‘W3S-34 WILHH  SPUIABUOIOD 3Ul34  SISSUIUAS [eIWSY)
(sl (sdNBY
Aauppy auiued p31e0d UBSOIYD)
ueyoud Aguep-uipey) SNUIA poyIaW sisay3
[ecl] Tw/6ri ool sniia abeweq Aesse jeannuy N[E=DBlel]] - [eouayds  SIA-AN W3S WAL ezusNyuU! INLH -UAs [es1wsyd
‘Kesseolq
9bu3|[eYd> ASSM
‘sisoubelp (ASSM)
s2dojaAuS [eJIA -ASSM HDd-1yb (lowbu SIN-AN ‘[erualod SNJIA SWOIPUAS (P21ROD-dAd)
[eel] JW/BW 0z-50 2yl yum aiapaiu]  ‘siskjeue o16ojolsiH -Uph ) dwuys wu 06-1 [eouayds B197 "dIl4 ‘W3IL 10dS SUYM  SISBYIUAS [eDIwsyD
Kesse AIAiDe
[epIDNIIA ‘SiusU
-ladxs uonippe
-Jo-aWil] VSI13
¥dD/0¢1db
|-AIH ‘Aesse
uolsny paseq-||ad
uolsnj pue  ‘skesse uoniqiyul
Buipuig suqiyut Annoajul
(E0F) ‘'uir0id oz 1dB L-AIH ‘sAesse s||92 |eb (p2120D dAd)
L1 Tw/Bw 70 yum ol uondiospe sniiA - -g-411-vdD-e1eH wu 05-0€ [eouayds W3L W3S L-AIH  SISSYIuAs [ediwisyd
sisAjeue
10942 d1y1edolfd
SIEIWIEE]
uolssaiddns
uoneddal [elip ‘Aesse aniq T ShiIA (P9120D dAd)
[601]  Jw/br ool -57°9 SNUIA SUQIYUl  uedAd] ‘Aesse | [N S||92 049N wu 0v—0¢ |eousyds WL ‘W3S xa|dwiis sadiaH  SISOYIUAS [eDIWRYD
sia3dwesed sdNBV
uonenjeay Jo s1sayjuAs
EERIEIEIEN | sasoq YOW /sKessy |opouwi [elip azIs adeys uoneziiadeieyd snJIA jo adA] JO poyIs

(Panunuod) z 3jqeyL



Page 18 of 24

(2021) 9:5

Jain et al. Micro and Nano Syst Lett

auwlouab

[BIA Yim
1oRI21UI ‘U0
-elyauad suqiyul

Bupypop
1endsjow i (S
-J1dN) buiyoud

1oe)1x9 Jue|d
D31N] DIOYd3IDYY

SNUIA 9 & SNauUI>202 SNy

pue dojaAua SOIWO|OCRIDN wu 68°/7 SIYDBSX0D) 9 SNUIA -upiduwipy Buisn
[ell u/br g1'g [BJIA O spulg ‘Aesse | | NIERNOXEN orwu Lol [eouayds  dild ‘SIA-AN ‘WAL OL-AVH 'L-ASH SISOUIUAS USID)
(Aesse
(g4S) g suiwep 12211X3 1001
-0y4oy|ns) Aesse wu gz W3IL-YH Bussulo buisn
[ocl1] N SC0 PUe 00 [BJIABUY  gYS -Aesse [eaiauy SIPDMDAW  PUB ‘WU OZ ‘WU 0§ [eouayds  YIL4 ‘aYX ‘SIA-AN SNIIA Y BZUSN|ju| SISOUIUAS USID)
‘Kessy A1AIIDR4U| DISSDD
JIX01034) ‘sisKjleue 1099 wnwowpuu
‘uie04d a3 J1y1edoifd ‘| I SNUIA Buisn poyraw
[sel] jw/bri 6z UUM S2194493U|  -ARSSY A1IDIX010314D) SIERXIETN Wwu GG 0167 [eouayds  “dil4 ‘W3S SIA-AN VY BZUSNPU| ENZH SISOUIUAS UDID)
(SdNBY-D1) pljo)
-IpJ03 piodsoul |
|w/Br 052 (SdNBY-Nd)
-SdNBY-DL uoneujwIR1Sp WU 0/-05-SdNBY uniu snyauplifyd
|w/Br Gz | QLINW 1099 DL'wuozl (sdNBY-dv)
-SdNBVY-Nd 21y1edo1Ad ‘Aesse 01 0/-SdNBY ‘lennuazod ppjnoiupd siyd
jw/bn ¢z 1 e AMDIX0101AD -Nd ‘Wu 56 £197'S7Q ‘Y114 -piboipuy Buisn
[2L1]  -SdNBY-dv-aINW [ediAnuY ‘Aesse [eanRuY S||93 OIoA ~0/-SdNBV-dv [eouayds  ‘QyX ‘WIS SIA-AN - SnuiA eAUNBUNyIYD SISOUIUAS USID)
(032d)
|10 [BIIUISSD
SNy uljgpo uow
-doq|p sapay Jo -3150b04 Buisn
‘wdd G006 WISAS 9AIISIDIP salpnis SIA-N Y114 gYX S9SNUIA poyiaw uoin
[ 0161 7€ ay3 abeweq |e2160[01SIH sniidoqp sapay ‘Wu /801 9| [eouayds 'SG3‘'WIL'WIS eIz pueanbusg -dnpal |10 [BRUSSST
(039Y) lo
[BIIUSSSS SIsuauls
sni2idogip pupjinby Buisn
sapay inbpiw jo SaIpNIs SIA-N "I ayX SISNIIA poyiawl uop
[111] wddgg| 01¢7Hy UONINIISIP DI9ASS |e2160]031SIH snidoq|p sapay wu GG 01 G| |eousyds 'SA3'WIL'WIS eIz pueanbus@ -dNpal |10 [BUSSST
HIES
(9€1-1DD # DDLV)
sapd11ed snuiA uopen|ead eUI0DIRSOAW Xd3 SIA poyiaul
rell wdd el'e  oljod ayi SuqIyul - [esiAue Aesse | [N -opgeys uewny wu 6 01y [eouayds  —AN ‘WIL'WIS-34 SNJIAOIOd [ed1WaY>01153[3
si919weled sdNBY
uonenjeay Jo s1sayjuAs
S3DUIDYDY sasoQ YOW /skessy |opouw [elip azis adeys uoneziiaydeieyd snJIA Jo 9dAL Jo poyis|y

(panunuod) g ajqey



Page 19 of 24

(2021) 9:5

Jain et al. Micro and Nano Syst Lett

90U
-saJonyounwul (Al TNEH)
ymolb 1giyul ‘A112UW0IAD Moy SNJIA BZUSNYU|
'SNJIA JO 21N} ‘ujunn|bbeway 5007/€/199NH uonoeas uon
[BL1]  Jw/brigzyL-%5qr -onans sy obeuweg ‘LIN-OnIA U S22 MDOANW wu g6 |eouayds N3L JUBWINH/Y  -dNPal-UoiepixQ
Kesse uoneu
-nn|bbewsy ‘sas
-Ajeue A119woifo
MOJ ‘Kessy
9sepIUIWRINSN (Poyaw
ezusnyu| Jjonj4 [e21WaYD)
SNJIA -¥N 'VS[13 ‘Aesse sajpiudeoueu
JosurIqQWAW  YDd-1Y dwn-|eal (V-AdD J9A|IS 9102 BII|IS
owL] - 131N0 Y1M 1DeIDIU| ‘esse anbe|d SOAW wu 0/ |eouayds 'SdX ‘W3S ‘WAL SNUIA Y/ BZUSN|JU| 9512dSIPOUOIN
‘esse uononpal
anbed ‘sAessy
ui1 OIUA UL |-ASH
-0Jd0dA|D [edin ‘(Aesse d112WIO S||192 [elj2yuda poyiaw uon
Y3m 10e11Ul -|02 paseq-1 |X) Aaupiy Aayuow | 9dA] snuIA -DB3al [eDIWYD
6L qu/br Q0% -007 ‘10942 D1y1edolkD)  Aessy A1DIXO] |[9)  US4D uedlfy OI9A wu | Fy [eouayds VOL 'SdX ‘W3S x3|dwis sadiaH -0UOS P3YIPON
‘Kesse A13ua
[edIA pue Bulpuiq
|[93-UOUIA ‘Aessy
s2122dS UsbAXQ (AHSY)
SAIDESY ‘sisA|eue sniinsadiay Abojou
Kohssp sisoydody pa1e120sse -UD31 SIS9UIUAS
6<1] jw/br 90> 'SOY aseaidu|  ‘Aesse A1DIX01014D) S||90 BToH-Y wu 00z-S [eouayds NJL  -ewodJes sisodey [eoIway-pinb
(sAesse Yod-14b)
uondeay ureyd
95eIaWIA|Od
-aseiduosuel|
9S19A9Y AR
-uenp ‘Aessy uol
'S[|92 dunuw| -ezl|elInap sisA
asealdul ‘luein  -jeuy didAlouayd X3 (C-ASH) 7 SndiA - pide dluue) Buisn
[8e1] Ju/br g -wias Ja1g se 1oy A113WO0IAD) MO|H |9POW ISNO wu /F€¢ [eousyds  ‘SIA-AN ‘ST1a ‘WALS xa|dwis sadioH SISOYIUAS UDID)
Kesse
anbed ‘A1101x03
3piedouey 10X
‘sKesse uoly pa3s DJ3)I3J0
wdd /1'1¢ -1q1yur pmolb s|192 ‘X3 YL (@-N3Q) pburioyy buisn
oLl oywddyz ol AuAioe [eliAuY ¢-N3d ‘LI OI9A pUe 9¢/9D wu ool [eouayds  ‘QyX ‘W3S ‘SIA-AN snuiA enbusq SISOUIUAS USID)
si9)oweled sdNBV
uonenjeay Jo s1sayjuAs
S3DUIDYDY sasoQ YOW /skessy |opouwi [elip ?zis adeys uoneziiaydeieyd snJIA Jo 9dAL Jo poyis|y

(panunuod) g ajqey



Page 20 of 24

(2021) 9:5

Jain et al. Micro and Nano Syst Lett

Aesse (1-1SM)
uonesajiold |93
‘Aesse uondayul
ASH-UY ‘sKesse

Q[E2)

Aaupy Asxuowl
U216 uedlyy)
S||92 93 OJ9A pue
5]192 [e6-g-y11
-G40D-¥AD-B1oH
‘(s|192 19dued
[BDIAJDD URWINY)
|92 B19H) ‘(Asu
Py JIUOAIqUID

SIA-AN

T-ASH PUB L-ASH
SNUIA+ d4D

31eJYD WINIPOSH)
snoanbe buisn

[evi] - STUIA 91BAIIDBU|  UOND9JUI AJH-RUY  UBWINH) S[[93 | €6 wu 09-0€ [eousyds  "yild W3S ‘Xva3 “€FING L-AIH - POYIaW LpIASYIN|
Aesse
K119WO0IAD Moy
‘Kesse | |\ paseq
SNJIA UO UURWISO| ‘Aesse
uonoe Aioxqiyul uope[noul
‘usboyred jo  oAiIquus 9yl 1591
uonelidsal uols uonIgIyul uon SNUIA
[1#1] Jui/bri os  -saiddns uol+ by -eunn|bbeway S92 ¥DAW wu 0z-§ eduayds NIL eZUSNYUI [ALH  SISOUIUAS [DIWDYD
si91pwesed sdNBY
uonenjeag JO s1saYluAs
EERITEYETEN| sasoQ YOW /sKessy |opow [elip azis adeys uonezusieieyd snuIA jo adA) Jo poyisy

(penunuod) zajqeL



Jain et al. Micro and Nano Syst Lett (2021) 9:5

green synthesis of AgNPs, then reviewed the applications
of AgNPs in the treatment of cancer and their possible
mechanism for cytotoxic activities. Further Phyto-based
AgNPs with antiviral activity with their possible mecha-
nism were discussed. Finally, some therapeutic and future
challenges were summarized. Plant-based AgNPs have
resulted in excellent biological activity with less toxicity
to normal cells and highly toxic to cancerous cells. This
makes the AgNPs as a promising candidate for future
cancer treatment. AgNPs have also reported dominating
activity against various life-threatening viruses that make
them suitable for viral infection therapy.

Although various studies on size, shape, capping agent-
ing, reducing agents of AgNPs have been performed,
nevertheless there is still no clear optimum condition
indicated for proper synthesis and development of target
drug delivery system for cancer; thus, extensive studies
are required in this field. In addition to this, long-term
studies of AgNPs in vivo are necessary to evaluate the
toxicity and performance.
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