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Abstract-Establishing a dependable and eco-friendly method for producing metal nanoparticles is an
essential step in the field of nanotechnology. Lately, the production of silver nanoparticles (AgNPs) has
attracted considerable interest in developed nations due to the demand for environmentally sustainable
solutions. Employing green techniques for nanoparticle production is beneficial for the ecosystem, and these
approaches should be further investigated and promoted, as numerous plants have demonstrated an
exceptional capability to generate these nanoparticles. This review highlights the uses of plant-derived
AgNPs across various medical realms, including their functions as antimicrobial agents, anticancer agents,
anti-inflammatory agents, and within drug delivery systems. The adaptability and prospective uses of
green-synthesized AgNPs in healthcare offer innovative solutions that overcome the challenges posed by
conventional synthesis methods. It is evident that green nanotechnology signifies the future of medicine,
with continuous progress aimed at promoting a healthier and safer environment through the creation of

low- or non-toxic nanomaterials utilizing sustainable techniques.

INTRODUCTION

Nanotechnology encompasses the intricate
processes of designing, synthesizing, and applying
materials at the nanometre scale typically between 1
and 100, presenting prospective applications across
a multitude of disciplines, including the realm of
pharmaceuticals. Over the past decade, a
considerable promise in the field of nanotechnology
has been acknowledged, attributable to the potency
of diverse nanoparticles in combating a range of
pathogenic microorganisms. This recognition has
spurred extensive research into the mechanisms by
which the nanoparticles exert their antimicrobial
properties, leading to a deeper understanding of
their interactions at the cellular level and paving the
way for novel applications in infection control and
prevention. Based on their structural composition
nanoparticles can be broadly classified into four
groups; carbon-based, organic, inorganic (metal and
metal oxide-based) and nanocomposites as shown
in Figure 1. Metal-based nanoparticles include

copper, nickel, iron, silver, gold, magnesium, zinc-
containing etc. Among all these metal-based
nanoparticles, silver nanoparticles are widely
emphasized and have been established as the most
effective in terms of their synthesis, due to their
significant antimicrobial, antifungal, anticancer and
antiviral efficacy against a multitude of
microorganisms. Silver has been used since ancient
times and this historical methodology has been
substantiated by contemporary scientific inquiry,
which validates that silver possesses the capability to
impede the proliferation of bacteria, fungi, and
viruses. This efficacy is attributed to their capacity to
liberate silver ions, which interfere with cellular
mechanisms and ultimately result in microbial cell
apoptosis, rendering them a favoured option in both
medical and industrial contexts. These
advancements not only enhance hygiene but also
drive the development of nanomaterials capable of
responding to environmental changes, thus
broadening the potential applications of silver in
modern technology (Mekuye and Abera, 2023).
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Fig. 1. Classification of Nanoparticles based on
Structural Composition (Mekuye and Abera, 2023)

Silver nanoparticles can be synthesized by
conventional and non-conventional methods;
however, the conventional methods seem to be toxic
to the environment and human health along with
the use of heavy equipment’s and high energy input.
Alternative methods, such as green synthesis using
plant extracts or microbial mechanisms, are gaining
traction as safer and more sustainable methods for
producing silver nanoparticles, thereby minimizing
detrimental byproducts while maintaining their
efficacy. In comparison to the intricate and laborious
process required for the maintenance of microbial
cultures, the synthesis of plant extracts presents a
more efficient and readily attainable methodology.
Subsequent to the synthesis, it is crucial to analyze
the distinctive characteristics of silver nanoparticles,
encompassing their surface area, morphology,
dimensionality, configuration, aggregation state,
and solubility. This characterization is essential, as
the physicochemical attributes of nanoparticles can
profoundly affect their biological interactions and
encompasses methodologies such as transmission
electron microscopy (TEM), dynamic light
scattering (DLS), and ultraviolet-visible (UV-Vis)
spectroscopy, which yield valuable information
regarding the size distribution, morphology, and
optical characteristics of the nanoparticles.

The current review summarizes diverse plant
extract mediated synthesis of silver nanoparticles,
their characterizations, the antibacterial efficacy
against a range of bacterial strains, their biomedical
applications and future prospects.

Plant Extract Mediated Green Synthesis of Silver
Nanoparticles

The process of synthesizing nanoparticles utilizing
plants is favoured over alternative biological sources
owing to its inherent simplicity, abundance,

accessibility, ease of handling, provision of various
metabolites, and wealth of pharmacological
components. Starting from algae up to angiosperms,
plants are used to prepare silver nanoparticles. This
methodology constitutes a single procedural step
that avoids the labour-intensive requirements
associated with the maintenance of cell cultures and
the necessity of a sterile environment (Sumanthi and
Thomas, 2017; Rajoriya et al., 2021; Khan et al., 2022).

Metal nanoparticles are generated from diverse
plant parts, which encompass roots, seeds, stems,
latex, flowers, and buds. During the nanoparticle
synthesis process in plant-mediated nanoparticles,
external capping and stabilizing agents are generally
not necessary since the inherent phytoconstituents
or other cell components typically act as the primary
stabilizing and capping agents. It has been
established that plant extracts’ metabolites, proteins,
and chlorophyll serve as effective capping agents for
the synthesis of silver nanoparticles (Shankar et al.,
2003; Srikar et al., 2016; Devadaharshini et al., 2023).
Phytochemical extracts are combined with a metal
salt solution at ambient temperature in most
methodologies. The reaction proceeds for several
minutes, and a noticeable change in the solution’s
color indicates the completion of the reaction. This
process involves a bottom-up bio reduction
mechanism that facilitates the formation of
nanoparticles from plant extracts. Silver ions interact
electrostatically with proteins or other
phytoconstituents within the plant extract matrix,
leading to the sequestering of Ag+ ions on the
proteinaceous surface. The continued reduction of
Ag+ ions results in the generation of silver nuclei,
ultimately leading to the formation of silver
nanoparticles (AgNPs) of different shapes like
cubes, pentagons, rods, spheres, triangles, hexagons
and wires. at these nuclei.

The phytochemicals in plant extracts play a
crucial role in the synthesis of nanostructures. The
interaction between the nanoparticles and biological
systems can be modulated by these phytochemicals,
potentially improving biocompatibility and
reducing toxicity, which is vital for their use in
biomedical applications. A reducing agent can also
serve as a capping and stabilizing agent, eliminating
the need for an external stabilizer. Some of the plants
along with their family and phytochemicals
responsible for reducing silver are listed in Table 1.
Various factors must be carefully assessed to ensure
optimal synthesis, including the characteristics and
concentration of the plant extract, the concentration
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Table 1.
SI.  Name of the plant Family Phytochemical as reducing Reference
No. species agent
1 Acalypha indica Euphorbiaceae Flavonoids Chakraborty et al., 2023
2 Aegle marmelos (Bael) Rutaceae Carbohydrates, steroids, Devi et al., 2020
soluble starch, tannins,
terpenoids, flavonoids,
saponin, and alkaloid
3 Aesculus hippocastanum L.  Hippocastanaceae  Phenol, saponin, polysaccharide Kup et al., 2020
4 Aloe vera (L.) Burm.f. Asphodelaceae Flavonoids, Lignin, hemicellulose, Medda et al., 2015
pectin, polyphenols,
5 Andrographis echioides Acanthaceae Phenols Elangovan et al., 2015
(L.) Nees
6 Azadirachta indica A. Juss. Meliaceae Nimbin, Nimbinin, polysaccharides Amed et al., 2016
7 Brassica rapa L. Brassicaceae Flavonoids and protein Shafek et al., 2018
8 Carica papaya Caricaceae Catechnis and hydroxyflavones Banala et al., 2015
9 Cassia fistula L. Fabaceae Protein Mohanta et al., 2016
10 Catharanthus roseus (L.) Apocynaceae Tannins, phenols, alkaloids Keshari et al., 2021
G.Don
11 Chlorophytum borivilianum Asparagaceae Saponins, flavones, terpenoids, Singh et al., 2018
(Musli) glycosides
12 Chrysanthemum indicum Sapotaceae Tannins, fllavonoids, proteins, Arokiyaraj et al., 2014
glycosides reducing sugars
13 Citrus sinensis Rutaceae Flavonoids, vitamin C and Niluxsshun et al., 2021
volatileoils
14 Croton bonplandianus Baill. Euphorbiaceae Glycosides, saponins, tannins,
flavonoids, terpenoids, alkaloids,
crotsparine, phenolics Alfuraydi et al., 2019
15 Curcuma longa L. Zingiberaceae Alkaloid, flavones, proteins Shameli et al., 2012
16 Dalbergia spinosa Fabaceae Flavonoids, isoflavonoids, Muniyappan and
neoflavonoids, steroids, terpenoids Nagarajan, 2014
17 Desmodiumtriflorum Fabaceae Ascorbic acids Ahmad et al., 2011
18  Ecliptaprostrata L. Asteraceae Polyol compounds and the Peddi et al., 2015
water-soluble heterocyclic
compounds, terpenoids, proteins
19 Ficus benghalensis Moraceae Pentatriacontan-5-one and beta Nayak et al., 2016
sitosterol-a-D-glucose,
leucopelargonidin-3-0-a-L
rhamnoside, beta glucoside,
leucocynidin-3-0-a-D galactosyl
cellobioside, glucoside,
20 Hibiscus rosa sinensis Malvaceae Carboxylate ion groups Philip, 2010
21 Jatropha curcas L. Euphorbiaceae Proteins Bar et al., 2009
22 Justicia adhatoda L. Acanthaceae Vasicine, vasicinine, vasicinol, Bose and Chatterjee,
vasicinone, essential o0il, maiontone, 2015
deoxyvasicinone, vasicol, glucoside
sitosterol, kaempferol. alkaloids
23 Mentha piperita L. Lamiaceae Menthol, phenols, flavanoids Gabriela et al., 2017
24 Morinda pubescens Moringaceae Catechnis and hydroxyflavones Kumar et al., 2015
25 Ocimum sanctum Lamiaceae proteins, gallic acid, flavonoid and Ramteke et al., 2013
26 Ocimum tenuiflorum L. Lamiaceae Terpenoids Patil et al., 2012
27 Paederia foetida L. Rubiaceae Phenols Lavanya et al., 2013
28 Piper betel Piperaceae Proteins Lagshetty, 2015
29  Psidium guajava L. Myrtaceae Flavonoids and polyphenols Wang et al., 2018
30  Ricinus communis L. Euphorbiaceae Phenols Ojha et al., 2017
31  Rosarugose Rosaceae Carboxylate content aminegroups  Dubey et al., 2010
32 Solanum nigrum L. Solanaceae Caffeine and theophylline Sengottaiyan et al., 2016
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Table 1

SL Name of the plant
No. species

Family

Phytochemical as reducing
agent

Reference

33 Syzygium cumini (L.) Skeels Myrtaceae

Proteins
Proteins, phenols
Polyphenols, Water soluble organic Ahmed et al., 2017
compounds

Hydrolysable tannins, gallic acid,

Raheman et al., 2011
Patel and Patel, 2023

Edison and

chebulic acid, chebulic ellagitannins Sethuraman, 2012
and gallate esters

Withanolide, Catechin, p-coumaric Marslin et al., 2015
acid, Luteolin-7-glucoside
Flavonoids, alkanoids,

Jing et al., 2022

polysaccharide

34 Tectona grandis L.f. Lamiaceae

35  Terminalia arjuna (Roxb. Combretaceae
ex DC.) Wight & Arn.

36  Terminalia chebula Retz Combretaceae

37  Withania somnifera (L.) Solanaceae
Dunal

38  Zingiber officinale Zingiberaceae

39  Ziziphus mauritiana Lam.  Rhamnaceae

Phenol and flavonoid

Asimuddin ef al., 2020

of the metal salt, pH level, temperature, and contact
duration. These parameters significantly influence
the size, shape, and distribution of the resulting
nanoparticles, ultimately affecting their biological
activity and potential applications in fields such as
medicine, electronics, and environmental
remediation. More than 70 traditional medicinal
plants have been used in the synthesis of AgNPs,
warranting thorough examination (Li et al., 2007;
Dwivedi and Gopal, 2010; Parlinska-Wojtan et al.,
2016).

Instrumental Techniques for he Characterization
of Nanoparticles

Scanning Electron Microscopy (SEtM)

The size and form of nanoparticles are ascertained
by SEM imaging (Saeghi et al., 2015). A highly
concentrated beam of accelerated electrons is
created during SEM analysis, and it collides with the
sample surface to produce secondary electrons. A
detailed image of the sample’s surface morphology
is created by recording these secondary electrons on
a detector (Chandraker et al., 2021). Metal
nanoparticles such as silver, gold, and so on are
electrically conductive, scanning them with an
accelerated electron beam in a SEM analysis is much
easier (Alharbi et al., 2022). The internal structural
details of the sample cannot be shown by the SEM
analysis, but it can be highly useful for analyzing the
metal nanoparticles’ surface morphology, purity,
and aggregation (Lavoie). The synthesis
circumstances, such a temperature, pH,
concentration, or the biochemical content of the
plant extract utilized for the synthesis, can affect the
form of silver nanoparticles made utilizing plant
extracts. The nanoparticles appear single or

aggregated particles they may be cubical, spherical,
oval, triangular or pebble-like (Arif and Uddin,
2021; Abdellatif et al., 2022; Ghabban et al., 2022;
Khan et al., 2022).

Transmission Electron Microscope (TEM)

The transmission electron microscope is used to
analyze the distribution and size of the particles
(Anith ef al., 2022). When the electron beam passes
through a sample that is being studied,
photographic images are captured of the material.
TEM is a crucial method for figuring out a
nanoparticle’s structure. High-resolution images are
obtained through the recording and analysis of the
energetic electron beam’s interaction with the
material during transmission. A transmission
electron microscope’s magnification is determined
by the ratio of the distances between the specimen
and its image plane, as well as the objective lens
(Carter and Williams, 2016; Zhang et al., 2016). TEM
analysis has been used in several studies of the
green synthesis of silver nanoparticles for the goal of
characterization

UV-Visible spectroscopy

The synthesized metallic nanoparticle is often
characterized, examined, and its presence verified
using this spectroscopic approach. A UV-Vis
spectroscope can be used to determine the color
absorption pattern of metallic nanoparticles,
specifically silver nanoparticles by surface plasmon
resonance (SPR) (Chandraker et al., 2021).
Additionally, it is capable of determining how many
nanoparticles are in the suspension. Due to the UV
light’s atomic-level interaction with the sample’s
particles, the wavelength of the light changes
continuously as it interacts with it. Both the visible
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and UV ranges of light wavelengths are used by the
UV-Vis spectroscope. The absorbance of
nanoparticles is measured between 200 and 700 nm
in wavelength (Anith et al., 2022). Because of their
modest energy differences and near proximity to
one another, the valence and conduction bands in
silver nanoparticles allow electrons to move freely
between them, leading to the creation of the surface
plasmon resonance absorption band. The size of the
constituent particles, the dielectric medium and the
surrounding chemical environmental all affect how
much silver nanoparticles absorb. The analysis and
assessment of the surface plasmon peak is a widely
accepted method for metal nanoparticles with sizes
ranging from 2-100 nm (Almatroudi et al., 2020).

Dynamic Light Scattering (DLS)

The size, charge on the surface, thickness, and
average size distribution of nanoparticles are all
studied using the dynamic light scattering (DLS)
approach (Hoo et al., 2008). This method makes
advantage of the notion of the laser’s interaction
with spherical particles moving in a colloidal
solution according to Brownian motion. DLS is the
technique that depends on how light interacts with
particles. This method determines the
hydrodynamic diameter and consequently, the size
from the time-dependent observations of scattered
intensities. The hydrodynamic diameter of the
nanoparticle in the solution under investigation by
the DLS method is influenced by the capping agent,
stabilizers, and electrically charged layer on the
surface of the nanoparticles (Rahdar et al., 2019). The
Zeta potential, also known as the Electrokinetic
potential, is employed to ascertain the stability of
colloids. According to Ali et al., 2024, the zeta

potential values of + 0-10 mV, #10-20 mV, +20-30
mV, and +30 mV are categorized as highly unstable,
stable, moderately stable, and highly stable,
respectively.

Fourier transform infrared (FTIR)

The Fourier transform infrared (FTIR) method is a
type of spectroscopy that can detect changes in the
total composition of biomolecules by determining
changes in functional groups. The vibration and
rotation of molecules influenced by infrared
radiation at a particular wavelength is measured
using FTIR. FTIR spectral measurements were
carried out to identify the potential biomolecules in
leaf extract which is responsible for reducing silver
nanoparticles. FTIR showed the structure, the
respective bands of the synthesized nanoparticles,
and the stretch of bonds. This method identifies
structural differences in molecular binding between
entities, which can reveal details about the existence
of their interactions. Transmittance FTIR, attenuated
total reflectance (ATR-FTIR), and micro-
spectroscopy FTIR are the most popular FTIR-based
methods for characterization (Clune ef al., 2024).

Biomedical Applications

The use of plant-based silver nanoparticles spans a
wide range of applications, including biomedical
uses. These biomedical applications encompass the
use of silver nanoparticles in antimicrobial
treatments, drug delivery systems, anti-cancer
therapies, wound healing, anti-angiogenesis, anti-
inflammatory treatments, anti-ulcer medications,
antioxidants, and in dental and cardiovascular
implants highlighting their versatility and
effectiveness in enhancing therapeutic outcomes as
presented in the Figure 2.
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Fig. 2. Biomedical Applications of Silver Nanoparticles
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Anti-cancer activity

Cancer is a complex and multifaceted disease
characterized by uncontrolled cell growth and
proliferation, leading to significant health challenges
globally. Understanding its mechanisms, early
detection, risk factors, and treatment options is
crucial for improving patient outcomes and quality
of life. Cancer encompasses various types, including
sarcomas, carcinomas, and leukemias, with common
forms being breast, lung, and prostate cancers
(Clune et al., 2024). Anti-cancer drugs, also known as
antineoplastic agents, play a crucial role in the
treatment of various cancers by targeting and
inhibiting the proliferation of malignant cells. The
use of silver nanoparticles (AgNPs) as an anti-cancer
drug in cancer treatments has gained significant
attention due to their unique properties and
effectiveness against various cancer types. Research
indicates that AgNPs can induce apoptosis, inhibit
cell proliferation, and exhibit cytotoxic effects on
cancer cells through multiple mechanisms.
Numerous investigations have elucidated the
prospective anti-neoplastic properties of silver
nanoparticles (AgNPs), including AgNPs that are
derived from a variety of plant extracts. Table 2
highlights some of the plant-based silver
nanoparticles and their anti-cancer effects.

The activity and mechanism of silver
nanoparticles vary with each cell type. They are
affected by the genotoxicity and cytotoxicity of the
cell and their possible interaction with the proteins
(Liu et al., 2016). Silver nanoparticles are shown to
be a potent and effective candidate for cancer
therapy, supported by various investigations and
research.

Anti-Diabetic

Diabetes is a chronic metabolic disorder marked by
high blood glucose levels, mainly due to problems
with insulin production or resistance. As of 2014, it
affected over 422 million adults globally, leading to
serious health issues such as cardiovascular
diseases, vision loss, and renal failure. Recent
studies suggest that silver nanoparticles may help
manage diabetes by improving insulin sensitivity
and promoting glucose uptake in cells, providing a
dual therapeutic approach for both cancer and
metabolic disorders. They can act on the three
enzymes that play crucial role in glucose
metabolism, thereby enhancing overall metabolic
health and potentially reducing the risk of
complications associated with diabetes.

Studies reveal that silver nanoparticles prepared
from Ocimum sanctum helps in activating alpha-
amylase thereby helping in glucose metabolism.
AgNPs synthesized from Berberis vulgaris and other
natural sources demonstrated substantial inhibition
of d-amylase and a-glucosidase, crucial enzymes in
carbohydrate metabolism, with activities
comparable to standard drugs. Syzygiumcumini
showed impressive glucose uptake and a-amylase
inhibition rates of 80.08% and 83.91%, respectively,
indicating their effectiveness in lowering blood
sugar levels (Anandachockalingam et al., 2024).

Drug Delivery Agent

Drug delivery is an approach to deliver the drug to
the target sites to achieve therapeutic effects.
Nanoparticles play a promising role in the field of
medicine as a drug delivery agent. They are used as
carrier molecules that transports the drug to the
specific location in the body which may be a specific
cell or a specific tissue. This targeted delivery is
achieved by engineering nanoparticles to possess
specific surface properties, allowing them to
selectively target diseased cells and avoid healthy
cells. Consequently, this approach significantly
enhances drug efficiency and minimizes potential
side effects (Huang et al., 2010). Research on drug
delivery systems of Silver nanoparticles over the
past few decades have advanced significantly.
Among the nanoparticles, silver nanoparticles have
harnessed as a drug delivery agent with a potential
to overcome the limitations such as reducing side
effects, enhancing therapeutic efficacy, increase
high-density surface ligand attachment, better
transmembrane delivery etc. (Hussein and
Abdullah, 2022).

Antibacterial activity

The enhanced antibacterial activity of Ag at the
nanoscale has been most valuable in medical and
healthcare areas, where the incorporation of AgNPs
into hundreds of products has been studied,
including surgical and food handling tools, clothing,
cosmetics, dental products, catheters, and dressings.
The potential of AgNPs as antibiotics is related to
their various mechanisms of action, which attack
microorganisms in multiple structures at a time and
give them the ability to kill various types of bacteria.
Applying natural extracts with antibacterial
properties appears to be a promising approach to
support nanotechnology-based solutions. Among
the products from different plants, the extracts of
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Camellia sinensis (tea) are obvious choices. Tea and
tea extracts have antioxidant and antibacterial
properties due to the containment of numerous
flavanols and polyphenols. Polyphenols in tea
extracts (especially catechins) act as capping and
reducing agents. In the presence of metal ions, the
hydroxyl groups of catechin molecules act as
electron donors, reducing silver ions to metallic
silver. Surface interactions between polyphenols and
newly reduced metallic silver particles function as
the capping factor preventing the agglomeration of

AgNPs. Combining silver nanoparticles and tea
extracts against microbes has drawn attention
within the past few years.

Silver nanoparticles cause microbial cell death by
penetrating bacterial cell walls, altering the cell
membrane structure, increasing cell membrane
permeability, producing reactive oxygen species
(ROS), and interrupting the replication of DNA.
More than a 3 log reduction in the CFU per ml
(colony forming units per milliliter) of Gram-
negative bacteria was witnessed in the presence of

Table 2. Lists of some of the plant-based silver nanoparticles and their anti-cancer effects.

SI. No. Cancer type Plant Anticancer activity References

1. Breast Achillea biebersteinii MCE-7 Baharara et al., 2014
Ulva lactuca Devi and Bhimba, 2012
Melia dubia Ahmed et al., 2022
Coriandrum sativum Sathiskumar et al., 2016
Andrographis echioides Parveen et.al., 2019
Gymnemasylvestre Santoshkumar et al., 2023
Rosa damascene Venkatesan et al., 2014

2. Lung Gossypium hirsutum A549 Kanipandian and

Thirumurungan, 2014

Syzygium aromaticum Venugopal et al., 2017
Syzygium jambos Venkatesan et al., 2014
Artemisia vulgaris Rasheed et.al., 2017
Ocimum sanctum Sulaiman et al., 2024
Podophyllum hexandrum HepG2 Jeyaraj et al., 2013

3. Cervical Heliotropium indicum HeLa Meenatchi et al., 2014
Azadirachta indica HeLa Mishra et al., 2012
Iresine herbstii Siha Dipankar and Murugan, 2012
Artemisia marschalliana Hela Salehi et al., 2016
Prunus domestica Hela Islam et al., 2017
Artemisia turcomanica Hela Mousavi et al., 2018

4. Gastric Abutilon indicum AGS Mata et al., 2015

5. Colon Solanum trilobatum COLO Rupachandra et al., 2021
Rosa damascena COLO Rani ef al., 2022
Indigofera tinctoria HCT 15 Vijayan et al., 2018

6. Prostate Alternanthera sessilis PC-3 Firdhouse and Lalitha, 2013
Gracilaria edulis PC-3 Monteiro et al., 2023
Dimocarpus longan PC-3 He et al., 2016
Nigella sativa VcaP Chahardoli ef al., 2017

7. Hepatic Phyllanthus emblica HepG2 Singh et al., 2019
Taraxacum officinale HepG2 Saratale et al., 2018
Myrtus communis HepG2 Ali Abuderman et al., 2019
Asafoetida sp. HepG2 Satsangi, 2020
Cucumis prophetarum HepG2 Hemlata et al., 2020
Moringa oleifera HepG2 Nayak et al., 2015

8. Skin Acorus calamus A431 Nyak et al., 2015
Butea monosperma A431 Roy et al., 2021
Thuja occidentalis A431 Goel and Bhatia, 2019
Mukiamaderaspatna A375 Morais et al., 2020
Gelsemium sempervirens A375 [jaz et al., 2018
Allium sativum A375 Gaffar ef al., 2024
Phytolacca decandra A375 Das et al., 2013
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Table 3. List of plants with antibacterial activity of silver nanoparticles

Sl Plants name Plants parts Bacterial strain = Shapes Antibacterial References
No. Size(nm) potency
1. Justicia adhatoda Leaves 5-50nm P. aeruginosa Spherical Inhibition the Bose and
growth of bacteria Chatterjee, 2015
2. Carica papaya Fruit and leaves E.coli, Cubic Inhibition the growth Manigandan et
25-50 nm P. aeruginosa of bacteriaand al., 2021
disrupting the
membrane
3. Artemisianilagirica Leaves 70-90nm S. aureus, Square/spherical/ Inhibition of the Vijayakumar
B. Subtillis, hexagonal degradation of et al., 2013
E. coli growth of the membrane
bacteria and
4. Trianthema Roots 15nm P.aeruginosa,
decandra E.coli Cubic Clear inhibition Geethalakshmi
zone and membr and Sarada, 2013
anedisr upting
5. Terminalia arjuna Bark extract E.coli Spherical Produce a clear Ahmed et al.,
30-50nm zone of inhibition 2017
against bacteria
6.  Aegle marmelos Fruit 159-181nm  P. aeruginosa, Cubic Inhibit the Devi et al., 2020
B.cereus, growth of bacteria
S.dysenteries
7. Moringa olefira Leaves 9-11nm E. faecalis, E.coli, Spherical Reduce the Moodley et al.,
S.aureus, growth of 2018
P. Aeruginosa, bacteria
K. pneumoniae
8. Psidium guajava Leaves 25-35nm A. faecalis and ~ Spherical Inhibit the Wang et al.,
E.coli growth of 2018
bacteria
9. Emblica officinalis ~ Fruit 15nm Staphylococcus,  Spherical Disrupting cell Ramesh et al.,
B.subtilis, E. coli, membrane, 2015
K. pneumonia permeability,
and respiration
function of the cell.
Also, penetrate the
bacteria and cause
cell death.
10.  Solanum Fruit 12.50- E. faecalis, K. Spherical Inhibit the growth  Sakthiraj, 2024
trilobatum 41.90 nm Pneumoniae,S. of bacteria
Mutans, E.coli
11.  Ocimumbasilicum  Leaves 3-25 nm S.aureus, Spherical Produceaclearzone = Malapermal
Spherical P.aeruginosa, of inhibition against et al. 2017
E.coli. bacteria
12, Allium cepa Whole plant P. aeruginosa, Spherical Produce a clear Wahab et al., 2021
10-23 nm B. subtilis zone of inhibition
against bacteria
13.  Cannabis Leaves 10-23nm  S. aureus, M. Spherical Integrate the cell Chouhan and
sativa Luteus, B. membrane Guleria, 2020
Subtilis, K. of bacteria
Pneumoniae,
E.coli
14.  Salvia splendens Aqueous extract  P. vulgaris, Cubic Inhibit the Rajendran and
15-20 nm B. subtills and growth Prabha, 2015
S. aureus. of bacteria
15.  Tribulus terrestris ~ Leaves 26.52nm  S. aureus, Spherical Integrate the cell Chouhan and
M. Luteus, membrane of Guleria, 2020
B. Subtilis, bacteria

K. pneumoniae,
E. Coli
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silver nanoparticles by impairing their adhesion
ability and preventing biofilm formation. AgNPs are
generally considered safe for humans.

AgNPs have exhibited highly antibacterial action
against multiple Gram-positive and Gram-negative
bacteria. However, the exact mechanism by which
they exert inhibitory growth or bactericidal activity
has not been fully elucidated yet. The existing
experimental evidence supports different
mechanisms that consider the physicochemical
properties of AgNPs, such as size and surface,
which allow them to interact or even pass through
cell walls or membranes and directly affect
intracellular components. Table 3 represents the
name of few plants which have shown antibacterial
potency (Vijayakumar et al., 2013).

Antiulcer

The research conducted by Sreelakshmy et al. on the
Glycyrrhiza glabra extract silver nanoparticles
establish their antiulcer properties. The study
revealed the promising solution for gastric ulcer
therapy (Sreelakshmy et al., 2016).

Wound Healing and Anti-inflammatory activity

According to several reports, AgNPs synthesized
from different plant extracts have shown
animpressive impact on wound-healing processes in
a dose-dependent manner. Inflammation is an
important step in the wound-healing process. An
untreated wound may be susceptible to various
bacterial andforeign particles which may worsen it.
Tian et al. (2007) reported that AgNPs were able to
treat inflammation through cytokine modulation
and induce wound healing with decreased scar
formation. Findings from the extracts of Piper
nigrum, Tridex procumbens, Arnebia nobilis etc.
highlights the potential of plant extract silver
nanoparticles as a therapeutic strategy for healing
and repairing tissues (Tian et al., 2007).

Dental activity

Silver nanoparticles (AgNPs) have been utilized in
various dental instruments and gauze materials. The
integration of AgNPs into orthodontic adhesives has
the potential to enhance or preserve the shear bond
strength of orthodontic cements while
simultaneously augmenting the defines against
microbial organisms. The presence of AgNPs within
dental composites may diminish microbial
colonization of the surface and influence its
antifungal efficacy (Akshay et al., 2022).

Cardiovascular implants

Cardiovascular machines are one of the most
demanding medical devices. The silicone valves
used in heart implants can be susceptible to bacterial
and fungal infections. Use of the plant-based silver
nanoparticles can reduce the chance of microbe
infection and reduced inflammation providing a
more reliable source (Ghanbari et al., 2009).

CONCLUSION

With the development of modern lifestyle, it has
become very important to make it healthy also. The
advancement in the field of medical science is very
important. Bringing out new strategies is the need of
the hour. The significant potential of adopting plant-
based silver nanoparticles as a crucial nanomaterial
in both the medical and industrial sectors has been
widely and firmly recognized. This being an
environmentally friendly process is a revolutionary
and innovative step in the field of nanotechnology
as well as pharmaceutical industry. The eco-friendly
approach will be helpful in sustaining a healthy life
too. Further exploration of different plant extract-
based silver nanoparticles will open new doors in
the field of medical science. There are challenges to
face but with proper experimentation it can be
solved.
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