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Abstract:

This comprehensive assessment explores the synthesis of silver nanoparticles (AgNPs) from
plant extracts and their capacity applications in most cancers treatment. AgNPs, synthesized
thru eco-friendly techniques the usage of plant assets, have garnered extensive interest because
of their biocompatibility, ease of synthesis, and effective anticancer houses. The assessment
discusses numerous plant assets used for the inexperienced synthesis of AgNPs, highlighting
their role in stabilizing and functionalizing the nanoparticles. The anticancer mechanisms of
AgNPs, including oxidative stress induction, DNA harm, and modulation of cellular signaling
pathways, are examined, along with their capacity in treating various types of cancers. The
overview additionally addresses essential troubles related to the toxicity and biocompatibility
of AgNPs, emphasizing the want for cautious evaluation before clinical utility. Furthermore,
the paper identifies key demanding situations in cancer treatment and descriptions destiny
studies directions to decorate the efficacy of AgNPs, together with the improvement of targeted
drug transport structures and their aggregate with different therapeutic modalities. The
evaluation underscores the significant potential of AgNP-based cures in revolutionizing cancer
treatment, at the same time as also highlighting the gaps in present day expertise and the want
for similarly research to ensure their secure and powerful use.

Keywords: Silver nanoparticles (AgNPs), Plant extracts, Green synthesis, Anticancer

properties, Oxidative stress, Drug delivery systems.

1. INTRODUCTION Silver nanoparticles (AgNPs) are gaining
attention in most cancers treatment due to

their specific properties, including a
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excessive surface-vicinity-to-extent ratio,
biocompatibility, and capacity to goal
cancer cells. They can have interaction with
organic  structures, selling apoptosis,
generating reactive oxygen species, and
inhibiting  cell  proliferation. = While
traditional AgNP synthesis strategies
contain risky chemical compounds and
excessive fees, plant-mediated synthesis
offers an eco-friendly and sustainable
opportunity [1]. Using plant extracts, which
include bioactive compounds, this method
enhances biocompatibility, reduces toxicity,
and presents a fee-powerful method to
producing AgNPs for cancer remedy. The
growing interest in plant-synthesized
AgNPs displays the need for more secure,

extra efficient most cancers remedies.
1.1.Background and Context

Silver nanoparticles (AgNPs) are gaining
interest within the pharmaceutical and
biological industries due to their excessive
floor-to-extent ratios, biocompatibility, and
ability to target unique tissues or cells. They
are especially attractive for most cancers
remedy due to their capability to engage
with organic structures at mobile and
molecular tiers. Conventional techniques of
AgNP  production use  hazardous

compounds and require highly-priced

device and strength [2]. However, the

inexperienced or biosynthetic approach of
manufacturing AgNPs from plant extracts
offers a sustainable and eco-friendly
opportunity. Plant extracts comprise
bioactive  substances with  powerful
reducing and stabilizing features, which
could lessen silver ions and save you
particle  aggregation. This  method
additionally gives higher biocompatibility
and lower toxicity compared to chemically
produced nanoparticles. Researchers are
now exploring various plant species to

create more secure and stronger Nano

medicines for most cancers remedy.
1.2.0bjectives of the Study
The primary objective of this review is to:

e To Summarize AgNP synthesis
techniques using plant extracts.

e To Discuss AgNPs' biological
activities, focusing on possible
anticancer characteristics.

e To assess existing and future
limitations in  using  plant-
synthesized AgNPs for cancer
treatment.

1.3.Importance of the Topic

Cancer is a worldwide fitness disaster,
causing one in six deaths. Current remedies,
inclusive of chemotherapy, radiation, and

surgical operation, have boundaries which
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include toxicity, drug resistance, and harm
to wholesome tissues. Nanotechnology,
mainly silver nanoparticles (AgNPs), gives
a promising option to these problems.
AgNPs possess specific physicochemical
properties, consisting of a excessive surface
location-to-quantity ratio, which beautify
their reactivity and interplay with biological
systems. They can be engineered to goal
most cancers cells specifically, decreasing
their effect on healthful tissue. AgNPs have
established numerous anticancer
mechanisms, together with apoptosis,
generation of reactive oxygen species, and
inhibition of cellular proliferation [3]. By
improving the shipping of therapeutic
sellers without delay to tumor sites, AgNPs
can enhance the efficacy of present most
cancers pills and minimize side results,
addressing a essential need in oncology.
The integration of plant extracts in the
synthesis of AgNPs gives a extra
sustainable and environmentally friendly
alternative, making it safer and greater fee-
powerful. The developing interest in plant-
mediated synthesis of AgNPs is driven by
the need for revolutionary, extra effective
most cancers treatments and the desire to
decrease the environmental impact of

medical technology.

2. NANOPARTICLE-BASED
CANCER THERAPY:
SYNTHESIS, MECHANISMS,
AND FUTURE DIRECTIONS

Nanoparticle-primarily based most cancers
therapy, in particular using silver
nanoparticles (AgNPs) synthesized from
plant extracts, has emerged as a promising
method due to its potential to beautify drug
transport, reduce aspect effects, and target
cancer cells efficiently. AgNPs are
synthesized by using lowering silver ions
with plant metabolites, which stabilizes the
nanoparticles and offers them unique
homes. Characterization strategies like UV-
Vis spectroscopy and electron microscopy
verify their size and shape. AgNPs show off
anticancer consequences thru mechanisms
which includes oxidative strain, DNA
damage, and mobile signaling modulation
[4]. However, demanding situations like
toxicity and biocompatibility remain, and
future research makes a speciality of
optimizing AgNPs for higher efficacy, safer
transport systems, and mixture healing
procedures to improve most cancers

remedy outcomes.

2.1.Synthesis of Silver Nanoparticles

from Plant Extracts
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The environmentally pleasant and quick
increasing problem of plant-mediated
production of silver nanoparticles (AgNPs)
uses flowers which can be considerable in
bioactive substances which includes
polyphenols, flavonoids, terpenoids, and
antioxidants. Because they evidently
include reducing retailers, plant life such as
Azadirachta indica (neem), Cinnamomum
verum (cinnamon), Camellia sinensis
(green tea), and Curcuma longa (turmeric)

are frequently employed for AgNP

production.

2.1.1. Plant Sources for Synthesis of
AgNPs

Flavonoids and tannins observed in neem,
that's famous for its therapeutic qualities,
make contributions to the synthesis of
AgNP. Cinnamaldehyde and different
polyphenolic chemicals discovered in
cinnamon are efficient decreasing agents.
Turmeric's curcumin is critical for
stabilizing AgNPs and reducing silver ions,
whilst green tea, that's high in catechins and
polyphenols, aids on this manner. These
plants are ideal for generating silver
nanoparticles on a big scale considering
they may be secure, biocompatible, and

reasonably priced.

Table 1: Synthesis of Silver Nanoparticles from Plants.

Plant Source Part Shape Applications References
Used
Piper nigrum Seed Spherical; Biomimetic [5]
extract Face-centered | synthesis
cubic
Syzygium Seed Spherical Biosynthesis [6]
aromaticum extract
Cocos nucifera | Mesocarp | Spherical; Anti-larvicidal [7]
layer Face-centered | activity
extract cubic
Allium sativum | Garlic Spherical; Antibacterial [8]
extract Face-centered | activity
cubic
Euphorbia Stem Spherical; Anticancer activity | [9]
nivulia latex Face-centered
cubic
Astragalus Latex Spherical; Antibacterial [10]
gummifer Face-centered | activity
cubic
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Boswellia Latex Spherical; Antibacterial [11]
serrata Face-centered | activity
cubic
Thevetia Latex Spherical Biosynthesis [12]
peruviana
Citrullus Calli Spherical Anticancer activity | [13]
colocynthis extract
Tribulus Fruit Spherical; Antibacterial [14]
terrestris extract Cubic activity
Dillenia indica | Fruit - Biosynthesis [15]
extract
Solanum Fruit Spherical; Biosynthesis [16]
lycopersicum extract Face-centered
cubic
Mango Peel Quasis- Antibacterial [17]
extract spherical; activity
Face-centered
cubic
Pinus desiflora, | Leaf Spherical; Biosynthesis [18]
Diopyros kaki, | extract Face-centered
Ginko biloba, cubic
Magnolia
kobus, Platanus
orientalis
Macrotyloma Aqueous | Spherical; Biosynthesis [19]
uniflorum seed Face-centered
extract cubic
Moringa Leaf Spherical; Biosynthesis [20]
oleifera extract Face-centered
cubic
Catharanthus Leaf Cubical; Face- | Antibacterial [21]
roseus extract centered cubic | studies
Tinospora Leaf Face-centered | Pediculocidal and | [22]
cordifolia Miers | aqueous | cubic larvicidal activity
extract
Coccinia Leaf Spherical; Photocatalytic [23]
grandis extract Face-centered | activity
cubic
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Annona Aqueous | Spherical; Biosynthesis [24]
squamosa peel Face-centered
extract cubic
Artemisia Water Ethanol Antibacterial [25]
capillaris and extract: 29.62 | studies
ethanol
leaf
extract
Citrus limon Leaf Heterogeneous | Antimicrobial [26]
extract shape finish on fabric
Ocimum Aqueous | Triangle; Biosynthesis [27]
sanctum leaf Face-centered
extract cubic
Ixora coccinea | Leaf Spherical; Biosynthesis [28]
extract Face-centered
cubic
Mimusops Leaf Spherical; Antibacterial [29]
elengi, Linn extract Face-centered | activity
cubic
Artemisia Leaf Spherical, Antibacterial [30]
nilagirica extract Square, activity
Hexagonal

2.1.2. Mechanism of Synthesis

A honest and environmentally pleasant

chemical reduction manner is used to create
AgNPs from plant extracts [31]. This
method includes combining silver salts,
generally silver nitrate (AgNOs), with plant
extracts that comprise reducing dealers in
an aqueous answer. Silver ions (Ag’) are
metal silver (Ag)

transformed into

nanoparticles through the phytochemicals
inside the plant extract, which function as
lowering retailers. The whole system can be

divided into many stages:

1. Reduction of Silver Ions: The plant

extract's phytochemicals reduce the
(Ag")
technique to metallic silver (Ag) by
The

silver ions inside the

giving them electrons.
production of AgNPs relies upon in

this reducing technique.
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2. Formation of Silver

Nanoparticles: Silver ions start to
organization together to shape
nanoscale particles as they are
reduced to silver nanoparticles. The
concentration of the plant extract,
the silver salt, and numerous
environmental variables determine

the size and shape of these debris.

Stabilization of
Nanoparticles: The
phytochemicals in the plant extract,
which includes terpenoids,
flavonoids, and  polyphenols,
resource in stabilizing the silver
nanoparticles with the aid of
preserving them from clumping
collectively when they have formed.
By adhering to the nanoparticles'
floor, these substances shape a

barrier that keeps the particles solid

and distributed in answer. In order

. Influence of

to keep the characteristics of the
nanoparticles and assure their
efficacy in organic programs, this

stabilization is essential.

Synthesis
Conditions: The size, shape, and
morphology of the AgNPs are
greatly motivated by means of the
synthesis conditions, which
encompass temperature, pH, and the
attention of the plant extract. For
example, despite the fact that acidic
conditions can also inspire the
development of large spherical
nanoparticles, higher temperatures
can also speed up the reduction
process and convey smaller
particles. In order to provide
nanoparticles with the favored
residences for unique packages, it's
miles essential to optimize these

situations.

Table 2: Characterization Techniques [32]

Sr. Method/Technique Applications
No.
1 | Scanning Electron Microscopy (SEM) The size, structure, and morphology of
nanoparticles
2 | Transmission Electron Microscopy The nanoparticles' internal structure
(TEM)
3 | X-ray diffraction (XRD) degree to which the nanoparticles have
crystallized
4 | Dynamic Light Scattering (DLS) Examine the tiny nanoparticles' size

distribution.
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5 | Fourier Transform Infrared Spectroscopy
(FT-IR)

Metal-oxygen bond vibrational stretch
frequency, i.e., for ionic interaction research

6 | UV-Vis Spectra

Verification of the production of nanoparticles

7 | Thermogravimetric Analysis (TGA)

Weight loss and the heat-treatment process's
thermal impact when precursors are
transformed into final method oxides

8 | Energy Disruptive Spectroscopy
(EDS/EDX)

Chemical characterisation, examination of a
sample using light-matter interactions, and X-
ray analysis in a specific situation

9 | Atomic Force Microscopy (AFM)

Examining how nanomaterials differ in size,
shape, structure, dispersion, and aggregation

10 | Differential Scanning Calorimetry (DSC)

Nanoparticles' capacity to withstand heat

2.2.Anticancer Activity of AgNPs

Silver nanoparticles (AgNPs) have proven

enormous anticancer activity through

numerous mechanisms, including the
generation of reactive oxygen species
(ROS) upon touch with cancerous cells

[33].

2.2.1. Mechanisms of Anticancer

Activity

These reactive molecules harm cellular
components like lipids, proteins, and DNA,
leading to oxidative strain and triggering
apoptotic pathways. AgNPs can mainly
goal and eliminate most cancers cells,
leaving regular cells unaffected. They also
can engage with cellular components, along
with DNA, proteins concerned in signaling
pathways, and the cell membrane, inflicting

membrane destabilization and disrupting

cell integrity, making cancer cells extra at

risk of death.
2.2.2. Types of Cancer Treated

Colon Cancer: One type of most cancers
that starts offevolved within the colon, the
ultimate phase of the digestive gadget, is
referred to as colon most cancers. It usually
starts offevolved as polyps, which can be
peculiar growths inside the colon lining that
have the potential to develop into most
cancers over time. The mainstay of remedy
for colon most cancers, specifically in its
early tiers, is surgical excision of the
malignant tissue. Radiation remedy may be
used to goal limited tumors, whilst
chemotherapy is often utilized to eliminate
any leftover most cancers cells if the cancer
has spread. Immunotherapy and centered
treatments can also be included within the

treatment method, depending on the

specific stage and capabilities of the
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malignancy. Improving diagnosis and
raising survival quotes need early
identification and well timed surgical

intervention.

Colorectal Cancer: Cancers that effect the
colon or the rectum are called colorectal
cancers. Because those tumors have similar
threat factors, symptoms, and remedy
modalities, they are often categorized
collectively. Usually beginning as colon or
rectal polyps, colorectal most cancers may
additionally progress to malignancy if
remedy is not obtained. Surgery,
chemotherapy, radiation remedy, and every
so often immunotherapy or targeted remedy
are used within the remedy of colorectal
most cancers. Surgery alone is often a a
success treatment for colorectal most
cancers in its early tiers, but chemotherapy
or radiation therapy may be vital for extra
superior stages with the intention to reduce
tumor size and stop recurrence. Newer
treatments like immunotherapy will also be
considered to beautify consequences for

positive subtypes.

Liver Cancer: The liver, an crucial organ
worried in protein synthesis, detoxification,
and nutrition processing, is where liver
most cancers, regularly referred to as
hepatic most cancers, begins.
Hepatocellular carcinoma (HCC), the
maximum established type of liver cancer,
usually appears in human beings who've
cirrthosis or hepatitis, two chronic liver
diseases. The stage of the illness and the
general condition of the liver decide the
available treatment selections for liver most
cancers [34]. If the ailment is constrained
and the liver feature is impaired, liver
transplantation or surgical resection—
wherein the afflicted a part of the liver is
removed—may be options for early-stage
liver cancer. Chemotherapy, radiation
remedy, focused treatments, or ablation
strategies like radiofrequency ablation
(RFA) and embolization—which reduce off
the tumor's blood deliver—can be used to

deal with greater intense instances.
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Figure 1: Anti Cancerous activity of silver nanoparticles [35]

Breast Cancer: Breast cancer
arises in the cells of the breast,
usually inside the lobules that create
milk or the ducts that delivery milk
to the nipple. It is the wvarious
maximum not unusual malignancies
diagnosed globally, especially in
women. Surgery is normally the
first step within the treatment of
breast cancer. This procedure can
also include a lumpectomy, which
gets rid of the tumor together with
surrounding tissue, or a
mastectomy, which gets rid of the
entire breast. Chemotherapy 1is
regularly administered after surgical
treatment to remove any most

cancers cells that may still be gift.

To lower the chance of recurrence,
radiation remedy is frequently used
along with surgical treatment.
Hormonal remedies like tamoxifen
or aromatase inhibitors work well
for tumors that specific hormone
receptors. Additionally, depending
on the unique cancer subtype, more
recent remedies like
immunotherapy and targeted drugs
may be used.

Cervical Cancer: The cervix, the
lowest portion of the uterus that
connects to the vagina, is in which
cervical cancer develops. The most
frequent purpose of it's far a
persistent infection with high-threat

lines of the human papillomavirus
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(HPV), which leads to aberrant
cervix cell alterations. The degree at
which cervical cancer is identified
determines the route of treatment.
Early on, therapy might also
encompass less intrusive techniques
to get rid of unusual tissue from the
cervix or surgical remedies like a
hysterectomy, which entails
eliminating the uterus.
Chemotherapy, radiation remedy,
and surgical procedure can be
required in extra advanced levels.
Most cervical malignancies can be
averted with HPV vaccination, and
remedy effects are significantly
enhanced via early discovery with
Pap smears or HPV checking out.

Lung Cancer: Although non-
people who smoke may also get
lung most cancers, smoking is the
maximum ordinary purpose of the
illness, which begins in the lungs. It
is split into two main classes: small
cell lung most cancers (SCLC) and
non-small cellular lung cancer
(NSCLC), which range in
diagnosis, treatment strategies, and
boom pace. The kind and level of
lung cancer determine the direction
of treatment. While chemotherapy

and radiation treatment are

frequently applied in  extra
advanced tiers of non-small cell
lung cancer (NSCLC), surgical
procedure can be an choice for
early-stage NSCLC [36]. By that
specialize in positive genetic
abnormalities and inciting the
immune device to fight cancer cells,
centered drugs and immunotherapy
have proven promise, specially for
non-small cellular lung cancer.
Because small mobile lung most
cancers (SCLC) is an competitive
disorder, the primary remedy
alternatives are normally
chemotherapy and radiation.

Prostate Cancer: One form of most
cancers that starts offevolved within
the male reproductive system's
prostate gland is known as prostate
most cancers. One of the most
frequent malignancies in males, it
often progresses slowly, making
remedy  possible in = many
conditions. The degree of prostate
most cancers and the affected
person's preferred situation decide
the to be had treatment selections.
Surgery (prostateectomy) to put off
the prostate gland is regularly
counseled for localized most

cancers. Radiation remedy can also
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be used as an extra treatment or as
an alternative for surgical operation.
Hormone-sensitive ~ malignancies
may be slowed of their development
by using hormone treatment, which
lowers  testosterone  degrees.
Chemotherapy, immunotherapy, or
centered treatment can be required
in more superior prostate most
cancers times. Active surveillance
may be a possibility in positive low-
threat times, permitting clinical
specialists to maintain an eye fixed
at the disease without beginning

remedy proper away.

2.2.3. Challenges in Cancer

Treatment
Early Detection and
Diagnosis: Early most cancers
identity is one of the maximum
tough aspects of cancer remedy.
Many cancers are found too late,
after the illness has improved or
grow to be greater tough to
treatment, especially the ones which
can be asymptomatic in their early
stages.  Although  early-stage
malignancies respond higher to
therapy, early detection of positive
cancers, such pancreatic or ovarian
cancer, is limited with the aid of the

absence of reliable screening

strategies. Furthermore, diagnostic
techniques could not always be
precise, which may bring about
wrong diagnoses or postponements
within the initiation of essential
remedy.

Resistance to Treatment: It can be
extra hard to get rid of cancer whilst
most cancers cells emerge as proof
against drug treatments like
radiation,  chemotherapy,  and
targeted treatment options.
Previously successful remedies can
also emerge as useless because of
the most cancers cells' potential to
trade and adapt over the years.
Relapse or metastasis (the unfold of
cancer to other regions of the frame)
may also result from this resistance,
making remedy extra difficult and
reducing survival probabilities. One
of the principle regions of
persevering with research s
growing medicinal drugs that may
prevent or triumph over resistance.
Side Effects of Treatment: Even
while chemotherapy, radiation, and
surgery are crucial for coping with
or curing cancer, they could have
critical unfavorable consequences.
Fatigue, nausea, immunological

suppression, hair loss, and long-
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term issues such organ damage or
secondary malignancies are a few
examples. A patient's high-quality
of existence may be notably
impacted by means of these aspect
effects, that could make it hard for
them to follow their remedy plan
and will cause them to experience
mental and bodily suffering.

Personalized  Medicine and
Treatment Access: Improving most
cancers outcomes might be
substantially aided through the
concept of personalised or precision
remedy, wherein remedies are
custom designed based on a
patient's genetic composition. The
excessive rate of customized
treatments, the shortage of genetic
checking out, and the issue of
figuring out which remedies are
high-quality for each affected
person make it difficult to
implement this on a large scale.
Furthermore, @ many  sufferers
nevertheless face  tremendous
boundaries in getting access to
cutting-edge most cancers care, in
particular in low-profits or rural
locations, which  exacerbates

inequities in cancer treatment and

survival.

2.3.Toxicity and Biocompatibility of
AgNPs

Considering its special traits, which
encompass stepped forward drug shipping,
the ability to provide reactive oxygen
species (ROS), and the potential to goal
cancer cells specially, silver nanoparticles
(AgNPs) have drawn interest for his or her
viable use in most cancers treatment. To
assure their protection in medical packages,
AgNPs' possible toxicity to wholesome
cells is a extreme difficulty that must be

addressed.
1. Cytotoxicity to Normal Cells

Even at the same time as AgNPs provide
encouraging anticancer characteristics,
research has found out that at excessive
concentrations, they'll additionally have
deadly results on healthful, normal cells.
The primary cause of this toxicity is AgNPs'
interplay with mobile systems. AgNPs have
the capacity to enter the body and be
internalized by way of cells, in which they
may have interaction with different
organelles, the mitochondria, and the
mobile membrane. In non-cancerous cells,
those interactions may result in oxidative
cellular  malfunction, and

pressure,

apoptosis (programmed cell demise).
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The AgNPs' cytotoxicity 1is typically
decided by means of their length, form, and
surface price. For instance, smaller
nanoparticles ought to input cells more with
ease, perhaps making them more
dangerous. Furthermore, AgNPs which are
uncoated or have a poorly modified surface
are greater liable to engage and harm

healthy cells.
2. Inflammation and Organ Toxicity

AgNPs' capability to result in organ damage
and inflammation is another difficulty.
Because of their tiny length and massive
floor place, which enable them to
effectively reach a couple of organs thru the
circulate, AgNPs may additionally acquire
in lots of tissues, such as the liver, kidneys,
and lungs. Because the immune machine
may additionally become aware of the
nanoparticles as overseas substances and
launch an inflammatory response, this
buildup may also bring about persistent
inflammation. The surrounding tissues and
organs might also then maintain harm as a

result of persistent irritation.

Furthermore,  organ  toxicity = may
additionally end result from the lengthy-
term buildup of AgNPs in organs. For
instance, when AgNPs dissolve, the silver
ions they launch can also have harmful

effects on liver and kidney cells, which over

time can also compromise organ feature.
This is specifically complex for individuals
receiving lengthy-term AgNP remedy
because repeated publicity may enhance the

threat of organ damage.

3. Optimization for Reduced

Toxicity

Optimizing AgNPs' traits is crucial to
addressing toxicity troubles. AgNPs'
toxicity and biocompatibility can be
affected by their size, shape, and floor

adjustments.

e Size and Shape: AgNPs' size has a
great impact on how they interact
with cells. The potential of smaller
nanoparticles to enter cells and
tissues is greater through their large
floor place. However, due to their
heightened reactivity, very tiny
particles (much less than 10 nm) can
be very dangerous. Larger particles,
however, could be much Iless
harmful however less effective at
being absorbed. Consequently,
determining the perfect
nanoparticle size is crucial to
maximizing the therapeutic effect
and lowering damage to healthy

cells.
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o Surface Modifications: AgNPs'
floor characteristics can be changed
to reduce toxicity and boom
biocompatibility. AgNPs' toxicity
can be decreased by coating them
with biocompatible substances like
polyethylene glycol (PEG), lipids,
or proteins, so that it will reduce the
debris' capability to have interaction
with healthful cells. Furthermore,
surface alterations might also
increase AgNPs' balance in organic
structures, decrease silver ion
launch, and improve their capacity
to goal most cancers cells

specifically.

4. Biocompatibility and  Safety

Considerations

AgNPs' biocompatibility needs to be very
well assessed in order for them to be
employed in most cancers treatment
appropriately. This includes comparing the
approaches ~ wherein ~ AgNPs  have
interaction with distinct organic systems
and making sure that they do not cause
negative immune reactions. In order to
ascertain the diploma of toxicity,
inflammation, and organ damage delivered
on by using the nanoparticles,

biocompatibility checking out involves

each in vitro (using mobile cultures) and in

vivo (using animal fashions) investigations.

The development of methods to adjust the
release of silver ions from AgNPs is some
other region of look at attention.
Controlling the discharge of silver ions over
the years may additionally assist lessen
systemic toxicity since they will be
dangerous to cells. To ensure that the
cytotoxic results are constrained to most
cancers cells, one approach uses "clever"
nanoparticles that best release silver ions in
reaction to certain stimuli, which includes

the acidic surroundings of tumors.
2.4.Future Prospects and Challenges

Researchers are investigating some of
techniques to improve the focused
transport, therapeutic outcomes, and facet
effect minimization of silver nanoparticles
(AgNPs) if you want to increase their

efficacy in cancer treatment [37].

2.4.1. Strategies for Enhancing
Efficacy

These methods are essential for improving
AgNPs' selectivity for cancer cells and
addressing the difficulties associated with

non-precise toxicity.

1. Functionalization with Targeting
Ligands: Using unique centered

ligands to functionalize or regulate
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the nanoparticles' floor is one of the
maximum promising methods to
increase the effectiveness of AgNPs
in most cancers remedy. To
selectively bind to overexpressed
receptors on the surface of most
cancers cells, targeting ligands,
which includes antibodies, peptides,
or small molecules, may be
connected to the surface of AgNPs.
Because of this functionalization,
AgNPs may be precisely delivered
to tumor cells, minimizing toxicity
and rancid-target effects to
wholesome organs. In essence, the
targeting ligands direct the AgNPs
to the most cancers vicinity,
improving the healing effect while
decreasing damage to close by

healthful cells.

Combination with Other
Therapeutic Agents: Combining
AgNPs with different healing
marketers is some other way to
increase their healing capacity.
AgNPs can also offer synergistic

results when blended with different

nanoparticle types,
immunotherapies, or even
conventional chemotherapeutic

medications. AgNPs, as an instance,

might also decorate the cellular

absorption of chemotherapeutic
medicines, aid of their regulated
release, or maybe make most
cancers cells extra sensitive to them.
AgNPs can also be wused in
conjunction with different
nanoparticles to assist fight
multidrug resistance (MDR), a
usual issue within the remedy of
most cancers. By enhancing
treatment  consequences and
destroying tumors extra
successfully, this synergistic
aggregate may additionally lower
the amount of chemotherapeutic
pills wanted and decrease adverse

consequences.

2.4.2. Future Research Directions

A wide variety of critical studies topics
need to be investigated further so that you
can similarly the therapeutic use of silver
nanoparticles (AgNPs) in most cancers
remedy. Enhancing AgNPs' stability and
biocompatibility in vivo is a substantial
impediment to bringing them from lab
research to scientific use. AgNPs must
efficiently target most cancers cells at the
same time as final solid and non-toxic to
wholesome cells. In order to enhance the
stableness of AgNPs inside the circulation

and keep away from early breakdown or

International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

68



International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

aggregation, which may lessen their
therapeutic efficacy, future studies should
concentrate on growing floor adjustments,
coatings, or purposeful corporations [38].
In order to lessen the opportunity of organ
toxicity or immunological responses,
studies need to also look at strategies to

cause them to greater biocompatible.

AgNPs  must undergo  substantial
toxicological research earlier than they will
be legal for use in medical settings. The
accumulation of AgNPs in important
organs such the liver, kidneys, and spleen
might be evaluated in those trials, at the side
of the opportunity of long-time period
cumulative damage from repeated or
extended exposure. Determining whether
AgNPs are safe for human utilization calls
for an in depth expertise of how they
decompose inside the frame and in the

event that they emit unsafe silver ions.

Investigating the molecular processes by
which AgNPs produce their anticancer
consequences is critical. To maximize
AgNPs' therapeutic capacity, it will likely
be crucial to check out how they have
interaction with mitochondria, cancer
cellular membranes, and different cell
ingredients. AgNPs may be more a hit if we
know how they motive reactive oxygen

species (ROS), cause mobile loss of life

pathways, or intrude with most cancers
cellular signalling. To enhance healing
outcomes, studies should additionally study
how AgNPs may supplement other
remedies  like = immunotherapy  or
chemotherapy. In order to further increase
the accuracy of cancer treatments, destiny
studies may doubtlessly concentrate on
customized therapy, where AgNPs are

designed to goal the distinct genetic or

molecular capabilities of specific tumors.

3. DISCUSSION

Plant-mediated  synthesis of  silver
nanoparticles (AgNPs) has end up a viable,
environmentally benign manner to supply
nanomaterials with full-size packages,
especially in the treatment of cancer.
AgNPs have some of unique features that
lead them to attractive options for inclusion
in most cancers remedy plans. These
include their ability to produce oxidative
pressure, goal most cancers cells
specifically, and enhance the effectiveness
of conventional healing procedures [39].
By interacting with organic structures,
these nanoparticles may limit damage to
healthy tissue while encouraging tumor
cells to go through apoptosis, or
programmed mobile demise. AgNPs'

potential for selective focused on makes
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them a modern instrument for greater

correct most cancers remedies.

However, overcoming some of boundaries
is necessary to convey AgNPs' potential
from experimental settings to medical
exercise. Toxicological effects are many of
the most important troubles. Although
AgNPs have shown promise in preventing
the proliferation of cancer cells, their
cytotoxicity to healthy cells—particularly
at excessive concentrations—stays a
sizable drawback. AgNPs' interactions with
proteins and lipids internal cells have the
ability to damage healthy tissues, main to
organ toxicity and infection. To reduce side
outcomes while keeping their healing
potential, it's far vital to regulate their
length, form, surface changes, and doses.
difficulty of

biocompatibility, or how these

This raises the

nanoparticles will interact with the frame
over the years and if they could have

dangerous or immunological results.
3.1.1. Findings

e Research on plant-mediated AgNPs
shows that, in assessment to the
ones produced by different

techniques; these nanoparticles

have greater therapeutic benefits.

e Bioactive substances delivered for
the duration of the plant production
technique resource in stabilizing
and functionalizing the
nanoparticles, improving their

ability for focused on.

o AgNPs' selectivity for most cancers
cells is stepped forward via bio
functionalization, which may also
reduce toxicity via restricting off-

goal outcomes.

e Even if in vitro and animal model
research has shown encouraging
outcomes, there is still a massive
disconnecting  between  these

discoveries and their sensible

implementation.

e More studies is required to realise
the behavior of AgNPs in elaborate
human structures, specifically their
bioaccumulation, long-time period

toxicity, and biocompatibility.
3.1.2. Implications and Significance

Plant-mediated AgNPs in cancer remedy
have some distance-accomplishing

benefits. Plant-based nanoparticle
manufacturing is extra sustainable and safer
than chemical approaches, which use risky
chemicals and solvents. The plant-based

approach is inexpensive and greener than
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nanoparticle ~ synthesis.  Additionally,
functionalizing AgNPs with plant-derived
bioactive compounds will increase their
healing capacity. These plant-derived
chemical substances may also raise AgNPs'
anticancer activities, providing a twin
remedy. This might make AgNPs more
selective to most cancers cells, making
treatments greater centered and lowering
unfavorable effects like chemotherapy [40].
AgNPs in mixture therapy with regular
medications or different nanoparticles may
additionally  decorate most  cancers
treatments. This method may help
overcome remedy resistance and enhance
treatment effects, giving customized
remedy sparkling hope. Such sophisticated
healing strategies might improve most
cancers sufferers' excellent of life with the

aid of offering more powerful and less

dangerous treatments.

3.1.3. Gaps and Future Research

Directions

Even if the results are fascinating, AgNPs'
complete capability and safety are yet
unknown. Future research need to observe
AgNPs' lengthy-time period toxicological
outcomes in clinical settings [41]. Long-
time period usage cumulative toxicity and
AgNP accumulation mechanisms in crucial

organs along with the liver and kidneys are

studied. In vivo biocompatibility, stability,
and systemic dispersion investigations of
AgNPs are had to expect their behavior in

humans.

To enhance AgNP performance and
decrease toxicity, nanoparticle length,
shape, floor fee, and functionalization need
to be optimized. To offer targeted remedy in
various tumor settings, researchers should
improve AgNPs' tumor cellular selectivity.
Targeting ligands or AgNP floor
adjustments to  sell cancer-specific

biomarker binding would possibly

accomplish this.

Finally, future research should look on
AgNP-chemotherapy, radiation, or
immunotherapy  mixtures.  Synergistic
effects would possibly enhance healing
outcomes and decrease traditional remedy
doses and unfavorable consequences [42].
To recognize how AgNPs can best deal with
cancer, their molecular mechanisms, which
include mobile membrane interaction,
oxidative strain induction, and apoptosis

activation, have to be studied.
4. CONCLUSION

In conclusion, the synthesis of silver
nanoparticles (AgNPs) from plant extracts
affords a promising and eco-friendly

technique to most cancers remedy. AgNPs
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show off sizeable anticancer pastime via
diverse mechanisms, which includes
oxidative stress induction, DNA damage,
and modulation of mobile signaling,
making them effective towards various
cancer types. Despite their potential,
demanding situations related to toxicity,
biocompatibility, and ideal delivery
structures want to be addressed for safe and
effective clinical use. Future studies need to
focus on improving the synthesis technique,
functionalizing AgNPs for focused drug
transport, and exploring novel
combinations with other therapeutic
modalities to enhance efficacy.
Furthermore, a deeper understanding in
their mechanisms of motion and lengthy-
time period outcomes might be crucial for
the a success integration of AgNPs into
cancer remedy protocols. Ultimately, as
these improvements spread, AgNP-based
treatment options have the capacity to
revolutionize cancer treatment, imparting
more secure and more effective alternatives

to conventional strategies.

REFERENCES

1. Shukla VK, Singh RP, Pandey AC.
Black pepper assisted biomimetic
synthesis of silver nanoparticles. J
Alloy Compd. 2010; 507(1): L13-
L16p.

2. Vijayaraghavan K, Kamala Nalini
SP, Udaya Prakash N, et al.

Biomimetic synthesis of silver
nanoparticles by aqueous extract of
Syzygium aromaticum. Mater Lett.
2012; 75: 33-35p.

Roopan SM, Madhumitha RG,
Abdul Rahuman A, et al. Low-cost
and ecofriendly phyto-synthesis of
silver nanoparticles using Cocos
nucifera coir extract and its
larvicidal activity. Ind Crop Prod.
2013; 43: 631-635p.

. Rastogi L, Arunachalam J. Sunlight

based irradiation strategy for rapid
green synthesis of highly stable
silver nanoparticles using aqueous
garlic (Allium sativum) extract and
their antibacterial potential. Mater
Chem Phys. 2011; 129(1- 2): 558-
563p.

. Valodkar M, Jadeja RN,

Thounaojam MC, et al. In vitro
toxicity study of plant latex capped
silver nanoparticles in human lung
carcinoma cells. Mat Sci Eng C.
2011; 31(8): 1723-1728p.

. Kora AJ, Arunachalam J. Green

fabrication of silver nanoparticles
by gum Tragacanth (Astragalus
gummifer): A dual functional
reductant and  stabilizer.  J.
Nanomater. 2012; Article ID
869765, 8 pages, doi:
10.1155/2012/869765.

. Kora Al, Sashidhar RB,

Arunachalam J. Aqueous extract of
gum olibanum (Boswellia serrata):
A reductant and stabilizer for the
biosynthesis of antibacterial silver
nanoparticles. Process Biochem.
2012; 47(10): 1516-1520p.

International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

72



International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

10.

11.

12.

13.

. Rupiasih NN, Aher A, Gosavi S, et

al. Green synthesis of silver
nanoparticles using latex extract of
Thevetia
approach towards poisonous plant
utilization. In: Hull R, Jagadish C,
Kawazoe Y, Osgood RM, Parisi J,
Seong TY, Uchida SI, Wang ZM,
editors. Springer Series in Materials
Science. Singapore: Springer; 2014.
Satyavani K, Gurudeeban S,
Ramanathan, et al. Biomedical
potential of silver nanoparticles
synthesized from calli cells of
Citrullus colocynthis (L.) Schrad. J
Nanobiotechnol. 2011;9:43p. doi:
10.1186/1477-3155-9-43p.

Gopinath 'V, MubarakAli D,
Priyadarshini S. Biosynthesis of
silver nanoparticles from Tribulus

peruviana: a novel

terrestris and its antimicrobial
activity: a novel  biological
approach.  Colloids Surf B

Biointerfaces. 2012;96:69-74p. doi:
10.1016/j.colsurfb.2012.03.023.
Singh S, Saikia JP, Buragohain AK.
A novel ‘green’ synthesis of
colloidal silver nanoparticles (SNP)
using Dillenia indica fruit extract.
Colloids Surf B Biointerfaces.
2013;102:83-86p. doi:
10.1016/j.colsurfb.2012.08.012.
Umadevi M, Bindhu MR, Sathe V.
A novel synthesis of malic acid
capped silver nanoparticles using
solanum  lycopersicums  fruit
extract. J] Mater Sci Technol. 2013;
29(4): 317-322p.

Yang N, Li WH. Mango peel extract
mediated novel route for synthesis
of silver nanoparticles and

14.

15

16.

17.

18.

19.

antibacterial application of silver

nanoparticles loaded onto non-
woven fabrics. Ind Crop Prod.
2013:489:81-88p. doi:

10.1016/j.indcrop.2013.04.001.
Song JY, Kim BS. Rapid biological
synthesis of silver nanoparticles

using plant leaf extracts. Bioproc
Biosyst Eng. 2009; 32(1): 79-84p.

. Vidhu VK, Aromal AS, Philip D.

Green  synthesis  of  silver
nanoparticles using Macrotyloma
uniflorum. Spectrochim Acta A Mol
Biomol Spectrosc. 2011; 83(1):
392-397p.

Sathyavathi R, Krishna MB, Rao
DN. Biosynthesis of
nanoparticles  using  Moringa

oleifera leaf extract and its

silver

application to optical limiting. J
Nanosci Nanotechnol. 2011; 11(3):
2031-2035p.

Mukunthan KS, Elumalai EK, Patel
TN, et al. Catharanthus roseus: a
natural source for the synthesis of
silver nanoparticles. Asian Pac J

Trop Biomed. 2011; 1(4): 270-
274p.
Jayaseelan C, Rahuman AA,

Rajakumar G, et al. Synthesis of
pediculocidal and larvicidal silver
nanoparticles by leaf extract from

heartleaf moonseed plant,
Tinospora cordifolia Miers.
Parasitol Res. 2011; 109(1): 185-
194p.

Arunachalam R, Dhanasingh S,
Kalimuthu B. Phytosynthesis of
silver nanoparticles using Coccinia
grandis leaf extract and its
application in the photocatalytic

International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

73



International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

20.

21.

22.

23.

24.

25

degradation. Colloids Surf B
Biointerfaces. 2012;94:226-260p.
doi: 0.1016/j.colsurfb.2012.01.040.
Kumar R, Roopan SM, Prabhakarn
A, et al. Agricultural waste Annona
squamosa peel extract: Biosynthesis
of silver nanoparticles. Spectrochim
Acta A Mol Biomol Spectrosc.
2012;90:173-176p. doi:
10.1016/j.s2a.2012.01.029.

Park Y, Noh HJ, Han L, et al.
Artemisia capillaris extracts as a
green factory for the synthesis of
nanoparticles with
antibacterial activities. J Nanosci
Nanotechnol. 2012; 12(9): 7087-
95p.

Vankar PS, Shukla D. Biosynthesis
of silver nanoparticles using lemon
leaves extract and its application for
antimicrobial finish on fabric. Appl
Nanosci. 2012; 2(2): 163-168p.
Rao, YS, Kotakadi VS, Prasad
TNVKY, et al. Green synthesis and
spectral characterization of silver
nanoparticles from Lakshmi tulasi
(Ocimum sanctum) leaf extract.
Spectrochim Acta A Mol Biomol
Spectrosc. 2013;103:156-159p. doi:
10.1016/j.saa.2012.11.028.
Karuppiah M, Rajmohan R. Green
synthesis of silver nanoparticles
using Ixora coccinea leaves extract.
Mater Lett. 2013: 97:141-143p. doi:
10.1016/j.matlet.2013.01.087.

silver

. Prakash P, Gnanaprakasam P,

Emmanuel R, et al. Green synthesis
of silver nanoparticles from leaf
extract of Mimusops elengi, Linn.
for enhanced antibacterial activity
against multi drug resistant clinical

26.

27.

28.

29.

30.

isolates. Colloids Surf B
Biointerfaces. 2013;108:255-259p.
doi:
10.1016/j.colsurfb.2013.03.017.
Vijayakumar M, Priya K, Nancy FT,
et al. Biosynthesis, characterisation
and antibacterial effect of plant-
mediated silver nanoparticles using
Artemisia nilagirica. Ind Crop Prod.
2013:41:235-240p. doi:
10.1016/j.indcrop.2012.04.017.
Gopinath V, Priyadarshini S, Meera
Priyadharsshini N, et al. Biogenic
synthesis of antibacterial silver
chloride nanoparticles using leaf
extracts of Cissus quadrangularis
Linn. Mater Lett. 2013;91:224-22p.
doi: 10.1016/j.matlet.2012.09.102.
Das J, Das MP, Velusamy P.
Sesbania grandiflora leaf extract
mediated green synthesis of
antibacterial silver nanoparticles
against selected human pathogens.
Spectrochim Acta A Mol Biomol
Spectrosc. 2013;104:265-270p. doi:
10.1016/j.saa.2012.11.075.

Bindhu MR, Umadevi M. Synthesis
of monodispersed
nanoparticles

silver
Hibiscus
cannabinus leaf extract and its
antimicrobial activity. Spectrochim
Acta A Mol Biomol Spectrosc.
2013;101:184-190p. doi:
10.1016/j.saa.2012.09.031.
He Y., Du ZY, Lv HB, et al. Green
synthesis of silver nanoparticles by
Chrysanthemum

using

morifolium
Ramat. extract and their application
in clinical ultrasound gel. Int J
Nanomedicine. 2013;8:1809-
1815p. doi: 10.2147/1JN.S43289.

International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

74



International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

31.

32.

33.

34.

35.

36.

Gaddam SA, Kotakadi VS, Sai
Gopal DVR, et al. Efficient and
robust biofabrication of
nanoparticles by Cassia alata leaf
extract and their antimicrobial
activity. J Nanostructure Chem.
2014;4:82p. doi: 10.1007/s40097-
014-0082-5.

Awwad AM, Salem NM, Abdeen
AO. Green synthesis
nanoparticles using
extract and its antibacterial activity.
Int J Ind Chem. 2013;4:29p. doi:
10.1186/2228-5547-4-29.

Pant G, Nayak N, Gyana Prasuna R.
Enhancement of  antidandruff
activity of shampoo by
biosynthesized silver nanoparticles
from Solanum trilobatum plant leaf.
Appl Nanosci. 2013; 3(5): 431-
439p.

Salunke BK, Shin J, Sawant SS, et
al. Rapid biological synthesis of
nanoparticles using
Kalopanax pictus plant extract and
their antimicrobial activity. Korean
J Chem Eng. 2014; 31(11): 2035-
2040p.

Prathap M, Alagesan A, Ranjitha
Kumari BD. Anti-bacterial
activities of silver nanoparticles
synthesized from plant leaf extract
of Abutilon indicum (L.) Sweet. J
Nanostructure Chem. 2014;4:106p.
doi: 10.1007/s40097-014-0106-1.
Roy K, Sarkar CK, Ghosh CK.
Plantmediated synthesis of silver
nanoparticles parsley
(Petroselinum crispum) leaf extract:
spectral analysis of the particles and

silver

of silver
carob leaf

silver

using

antibacterial study. Appl Nanosci.
2015; 5(8): 945-951p.

37. Nayak, D., Pradhan, S., Ashe, S.,

38.

39.

40.

41.

Rauta, P. R., & Nayak, B. (2015).
Biologically  synthesised
nanoparticles from three diverse
family of plant extracts and their
anticancer against
epidermoid A431
carcinoma. Journal of colloid and
interface science, 457, 329-338.
Oves, M., Rauf, M. A., Aslam, M.,
Qari, H. A., Sonbol, H., Ahmad, I.,
. & Saeed, M. (2022). Green
synthesis of silver nanoparticles by
Conocarpus  Lancifolius  plant
extract and their antimicrobial and

silver

activity

anticancer activities. Saudi journal
of biological sciences, 29(1), 460-
471.

Ahn, E. Y, & Park, Y. (2020).
Anticancer prospects of
nanoparticles green-synthesized by
plant extracts. Materials Science
and Engineering: C, 116, 111253.
Ghanbar, F., Mirzaie, A., Ashrafi, F.,
Noorbazargan, H., Dalirsaber Jalali,
M., Salehi, S., & Sadat Shandiz, S.

silver

A. (2017). Antioxidant,
antibacterial and anticancer
properties of phyto-synthesised

Artemisia quttensis Podlech extract
mediated AgNPs. IET
nanobiotechnology, 11(4), 485-492.
Mousavi, B., Tafvizi, F., & Zaker
Bostanabad, S. (2018). Green
synthesis of silver nanoparticles
using Artemisia turcomanica leaf
extract and the study of anti-cancer
effect and apoptosis induction on
gastric cancer cell line

International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

75



International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

(AGS). Artificial cells,
nanomedicine, and
biotechnology, 46(supl), 499-510.
42. Kummara, S., Patil, M. B., & Uriah,
T (2016). Synthesis,
characterization, biocompatible and
anticancer activity of green and
chemically  synthesized  silver
nanoparticles—a comparative
study. Biomedicine &
Pharmacotherapy, 84, 10-21.

International Journal of Pharmacognosy and Herbal Drug Technology (IJPHDT)
ISSN: Applied | Vol. 01 Issue 01, December 2024 | pp. 53-76

76





