
Introduction

Nanotechnology is a very significant subject of current study 

that deals with the synthesis, stability, and manipulation of 

particles with sizes ranging from around 1 to 100 nm in size. It 

is one of the most important fields of modern science. Within 

this size range, all of the characteristics (chemical, physical, 

and biological) of molecules and their related bulk 

formulations change in fundamental ways in fundamental 

ways. As a result of their wholly new or improved qualities that 

are based on size, distribution, and shape, novel uses of 

nanoparticles are quickly expanding in many areas of science 

and technology. Health care, cosmetics, biomedical, food and 

feed production, drug-gene delivery technology, the 

environment and human health are just a few of the fields 

where it is seeing rapid advancement. Other fields include 

energy science, catalysis, light emitting diodes, single-electron 

transistors, nonlinear optical devices, and photo-

electrochemical applications, just to name a few. The 

tremendous rise in these developing technologies has opened 

up new applied frontiers and basics that were previously 

unexplored. This comprises the synthesis of nanoscale 

materials, followed by the examination or application of 

their mysterious physicochemical and optoelectronic 

characteristics once they have been created (Korbekandi 

and Iravani, 2012; Khalil et al., 2013; Kaviya and 

Viswanathan, 2011). For the manufacture of silver 

nanoparticles, a variety of approaches are available. After 

everything is said and done, an environmentally friendly 

method to the production of silver nanoparticles shows 

great potential.

Cancer

Cancer is the biggest cause of mortality worldwide, with 10 

million people projected to have died from it and 19.3 

million new cancer cases expected to be recorded in 2020 

(Ferlay et al., 2020). By 2040, the worldwide cancer burden 

will have increased to 27 million new cancer cases (Wild et 

al., 2020). Uncontrolled cell division and infiltration into 

surrounding healthy cells and tissues cause the onset of 

cancer and metastasis. Cancer is caused by mutations in 

proto oncogenes and tumour suppressor genes. Cancer is 

believed to be the cause of one out of every six fatalities, 

with nearly 70% of all cancer deaths occurring in medium 

and low-income nations. One out of every five persons 

acquires cancer before the age of 75, and one out of every 

10 people dies from cancer in this age range. A higher 
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cancer growth rate indicates that cancer incidence would rise by 

60% by 2030 (Jemal et al., 2010). There are two types of causes 

that induce cancer: external and internal. External factors such as 

viruses, radiation, and chemical exposure are external causes, 

but interior variables such as mutations, hormones, and internal 

circumstances may drive carcinogenesis. The most prevalent 

forms of cancer diagnosed in humans are lung, thyroid, cervical, 

liver, stomach, colorectal, prostate, and breast cancers. Breast 

and prostate cancer are the most common cancers in women and 

men, respectively. Traditional cancer treatment includes surgical 

removal of the tumour or diseased component, chemotherapy to 

destroy cancer cells, and endocrine and radiation therapy. 

Hormone therapy and immunotherapy are less often used 

secondary cancer treatments since they might produce 

anomalies and adverse effects in the patient's body, including as 

harm to healthy cells and organs, as well as an deterioration in 

life quality. Other negative effects include nonspecificity, low 

absorption, fast elimination, and toxicity.

Silver is a naturally occurring abundant metal with numerous 

physical, chemical, and biological fascinating properties such as 

electrical conductivity, optical activities, nonlinear catalytic 

effect, surface enhanced Raman scattering, elevated thermal 

response, and various biochemical characteristics, making it an 

ideal candidate for a variety of biomedical applications such as 

antiseptics, integral components of medical and surgical 

devices, and constituents of medicines. In hospitals, silver 

nitrate is used to treat microbiological infections. The outer 

membrane of the targeted cell has been observed to be 

disrupted by antimicrobial treatments containing silver 

ions. Silver ions react with proteins' thiol groups, rendering 

bacteria inactive. Because electron transport is uncoupled 

from oxidative phosphorylation when silver is used, DNA 

replication is hampered. As a consequence, it inhibits 

respiratory chain enzymes and causes membrane 

permeability to be disrupted.

Synthesis of silver nanoparticles

Nanoparticle synthesis may be done in a variety of ways, 

including 'top-down' and 'bottom-up.' The top-down technique 

includes synthesis of nanoparticles from bulk, while the 

bottom-up approach begins at the atomic level with 

nanoscaled material (Figure 1). The top-down strategy is often 

employed in physical nanoparticle synthesis, while the 

bottom-up approach is utilised in chemical or plant-mediated 

synthesis. To get monodispersed nanostructures with fewer 

flaws, a bottom-up method is beneficial (Iravani et al., 2014). 

In contrast to the chemical technique, the physical method 

allows for the synthesis of nanoparticles without the need of a 

solvent and is ideal for the creation of AgNPs of uniform size 

(Gurav et al., 1994). The physical and chemical production of 

AgNPs encompasses a variety of processes (Figure 1) (De 
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Figure 1. Physical and chemical methods for synthesis of AgNPs (Jubeen et al., 2021)
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Matteis et al., 2018). The chemical reduction of AgNPs in solution 

normally involves three stages: (1) metal precursors, (2) reducing 

agents, and (3) reducing agents (stabilizing or capping agents). N H , 2 4

NaBH , tri-sodium citrate (TSC), sodium citrate, polyols, and N, N-4

dimethylfarmamide are some of the most often utilised reducing 

agents (DMF). At room temperature, ascorbic acid as a reducing 

agent promotes the creation of flower-like silver nanoarchitecture 

with an average size of 20nm. Sodium dodecyl sulphate (SDS), 

polyvinyl pyrrolidone (PVP), polymethacrylic acid, and polymethyl 

methacrylate are some of the capping agents used to stabilise and 

prevent AgNP agglomeration. PVP has been shown to not only 

inhibit nanomaterials from agglomerating, but also to promote the 

nucleation process. The simultaneous production of nuclei is 

required for the growth/capping of nanoparticles in order to produce 

AgNps of uniform size (Yusuf, 2020).

Green synthesis of AgNPs

The term "green synthesis" refers to the process of synthesising a 

chemical compound entirely from plant matter. These findings 

are the result of a current inquiry in this direction. It has been 

shown that gymnosperms may be used as a source for metal and 

oxide nanoparticle production by the creation of silver 

nanoparticles (abbreviated Ag NPs) from cycas leaves. Ag NP 

biosynthesis has also included an attempt to identify the potential 

mechanisms involved (Anal and Jha, 2010). Henna, edible 

mushrooms, Hibiscus rosasinensis, Tansi fruit, and Rosa 

rugosa have all been used in recent studies to synthesise 

new compounds. Many documented biological synthesis 

techniques employing plants to produce colloidal silver 

required more than one hour of time for the process. The 

aqueous extract of  leaves was used in this Mangifera indica

study to synthesise stable silver nanoparticles quickly and 

biologically. Additionally, the influence of temperature and 

pH on the particle size and shape is examined Anti-diabetic 

and anti-hyperglycaemic properties have historically been 

attributed to the leaf. Antioxidant and antibacterial 

properties of the leaf extract are well-known.  Aloe vera

(Daizy, 2011),  (Chandran et al., 2006), Tamarindus indica

Cymbopogon flexuos (Ankamwar et al., 2005), 

Pelargonium graveolens, (Shankar et Azadirachta indica 

al., 2003),  (Shankar et al., Cinnamommum camphora

2004), and Emblica officinalis (Shankar et al., 2004) have 

all been used to synthesise AgNPs (Shankar et al., 2005). 

These plants are rich in polyphenols, flavonoids, 

carbohydrates, and proteins, all of which contribute to the 

plant's anti-inflammatory qualities. In the production of 

AgNPs, these antioxidant principles function as a reducing 

agent (Ankamwar et al., 2005; Jha and Prasad, 2010; Jadhav 

et al., 2015). The method of production of AgNPs via green 

synthesis method are represent in Figure 2.
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Figure 2. Biological method for the synthesis of AgNPs (Jubeen et al., 2021)
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Chemical mechanism of green synthesis of AgNPs

A large number of research have been conducted to investigate the 

ability of plants to manufacture nanoparticles of different sizes and 

forms, as well as their importance in the biological realm. 

Physiological investigation of secondary metabolites involved in 

nanoparticle production is still a work in progress. The precise 

process responsible for converting bulk material to nanomaterial 

must be investigated in order to develop a methodology for 

nanoparticle formation of the desired size and shape. Different 

functional groups classify secondary compounds found in plants, 

and these functional groups provide surface modifications and 

functional capabilities to green produced nanoparticles, as well as 

biological potential (Figure 2). Various investigations have shown 

that the hydroxyl, carboxylic, and amine groups are involved in 

silver salt reduction (Ulaeto et al., 2019).

A molecular mechanism for the biogenesis of silver nanoparticles 

has been postulated (Figure 3). The oxidation of a bioactive 

chemical from a plant source and the release of electrons are the 

first steps in the synthesis process. These electrons are responsible 

for converting Ag  to Ag . After reduction, Ag0 goes through a + 0

nucleation (I) and (II) process of agglomeration to produce a 

nanoparticle. As seen in Figure 3, the nucleation of silver zero 

atoms results in the production of nanoparticles, or AgNPs. 

Nanoparticles are stabilised by the presence of numerous 

important bioactive chemicals and the bonding of their function 

groups with metallic salt. The presence of phenolic chemicals on 

nanoparticle surfaces is thought to hinder coalescence (de 

Melo et al., 2020; Sganzerla et al., 2020).

Role of silver nanoparticles in cancer management

In biological applications such as antibacterial, antiviral, 

antidiabetic, antioxidant, and anticancer, silver 

nanoparticles play a key role. The antibacterial and 

anticancer properties of phytochemicals on the surface of 

green produced AgNPs are related to their presence. Several 

research groups have used a green method to manufacture a 

range of metallic nanoparticles in light of the growing 

worldwide burden of cancer. Plant-derived AgNPs have 

been shown to have anticancer properties in a variety of 

carcinoma cells. Banana leaf mediated AgNPs were 

anticancer against A549 and MCF7 cell lines (Raghavendra 

et al., 2021),  seed mediated AgNPs were Mangifera indica

anticancer against Hela and MCF7 (Donga et al., 2021), 

Heliotropium bacciferum formulated AgNPs were 

anticancer against HCT-116 (Mohd et al., 2021), and 

Zingiber officinale formulated AgNPs were anticancer 

against AsPC-1, PANC-1, and MIA PaCa-2 cell line AgNPs 

have been shown to have potent anticancer action with high 

selectivity for cancer cells in a dose-dependent manner. The 

biocompatibility of Ag  and phytochemicals from plant 0

sources that are connected to their source accounts for 

AgNPs' outstanding selectivity. Furthermore, recent studies 

have indicated that plant-mediated AgNPs have anticancer 
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Figure 3. Mechanism of green synthesis of silver nanoparticles: approach toward cancer nanomedicine (Jubeen et al., 2021).
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action by inhibiting cancer cell growth through cell cycle arrest 

(Niska et al., 2018). This review paper emphasises the anticancer 

properties of AgNPs synthesised by the green approach, bearing 

in mind these key considerations and the rising uses of AgNPs in 

cancer therapy.

Characterization of AgNPs

Precise particle characterization is required after synthesis 

because physicochemical parameters such as particle size, shape, 

and crystalline or amorphous nature may have a major influence 

on biological properties. It is vital to characterize the 

manufactured nanoparticles before application in order to solve 

the safety problem and exploit the full potential of any 

nanomaterial in the purpose of human welfare, nanomedicines, 

or the health care business, for example. Before analysing 

toxicity or biocompatibility, characteristics of nanomaterials 

such as size, shape, size distribution, surface area, form, 

solubility, aggregation, and so on must be examined. Many 

analytical spectroscopy (UV-vis spectroscopy), X-ray 

diffractometry (XRD), Fourier transform infrared spectroscopy 

(FTIR), X-ray photo electronspectroscopy (XPS), dynamic light 

scattering (DLS), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), atomic force 

microscopy (AFM), and other techniques are used to evaluate the 

synthesized nanomaterials. Nanoparticle behavior, 

biodistribution, safety, and effectiveness are all influenced by 

their physicochemical qualities. As a result, AgNP 

characterisation is critical for evaluating the functional features 

of the produced particles. UV-vis spectroscopy, X-ray 

diffractometry (XRD), Fourier transform infrared spectroscopy 

(FTIR), X-ray photoelectron spectroscopy (XPS), dynamic light 

scattering (DLS), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), and atomic force 

microscopy are among the analytical techniques used for 

characterization (AFM).

Silver nanoparticles have a variety of applications

Silver nanoparticles have been extensively employed in the 

health sector, food storage, textile coatings, and a variety of 

environmental applications due to their antibacterial qualities. 

Despite the fact that silver has been used for decades, the proof of 

its toxicity is still unclear. The US FDA, US EPA, Korea's 

Testing, SIAA of Japan and Research Institute for Chemical 

Industry, and FITI Testing and Research Institute have all given 

their approval to products made using silver nanoparticles. Silver 

nanoparticles' antibacterial characteristics have also been used in 

medical and at home. Silver sulfadiazine lotions are occasionally 

used to prevent infection at burn sites, and at least one appliance 

manufacturer has used silver in its washing machines. Silver is 

now employed in the rapidly growing area of nanotechnology, 

and may be found in a variety of consumer items such as 

infant pacifiers, acne treatments, and computer keyboards, 

as well as anti-odor apparel (such as socks and sports wear) 

and deodorizing sprays.

Phytonanotechnology and cancer treatment

AgNPs are a fantastic prospect for cancer therapy because 

of their tiny size and ability to cause cell death via a variety 

of methods. By breaking double-stranded DNA, causing 

chromosomal instability, and causing oxidative stress, 

AgNPs trigger cell death. Although bigger AgNPs (100 nm) 

generate these outcomes more successfully than smaller 

AgNPs (10 nm), smaller AgNPs (10 nm) cause more 

cellular damage because they penetrate the cell and get 

located within the nucleus more smoothly. AgNPs have 

been shown to cause cytotoxicity in mammalian cells 

through a variety of mechanisms, including (a) disruption of 

energy-dependent cellular processes and impaired DNA 

replication caused by free silver ion uptake, (b) generation 

of reactive oxygen species (ROS) and free radicals, and (c) 

cell membrane damage caused by direct contact with 

AgNPs (Mei et al., 2020). AgNPs of two distinct diameters, 

4.7nm and 42nm, were investigated for their induced 

cytotoxicity in normal human dermal fibroblasts by Avalos 

e t  a l .  U s i n g  3 - ( 4 ,  5 - d i m e t h y l t h i a z o l - 2 – 5 -

diphenyletrazolium bromide) (MTT) and lactate 

dehydrogenase tests, smaller nanoparticles were shown to 

be more hazardous than bigger particles (Tortella et al., 

2020). The generation of reactive oxygen species (ROS) by 

green produced AgNPS causes cell death. The production of 

reactive oxygen species (ROS) has a negative impact on 

signal transduction pathways, which leads to cell death. The 

production of hydrogen peroxide alters the membrane 

potential of mitochondria, causing respiration to become 

uncoupled (Avalos et al., 2016). After entering the cell, 

AgNPs cause the production of reactive oxygen species 

(ROS), a decrease in glutathione (SGH), and the activation 

of nuclear factor kB (NF- kB) and tumour necrosis factor-

alpha (TNF-). The increased quantity of superoxide radicals 

changes the mitochondrial transmembrane potential and 

disrupts the signalling pathway, causing apoptosis and cell 

death (Fani et al., 2016). Increased ROS generation and 

reduced GSH cause biological components to be damaged, 

including DNA breakage, lipid membrane peroxidation, 

and protein carbonylation (protein harmful oxidation). 

Figure 4 depicts a putative mechanism for green produced 

AgNPs' anticancer potential. Furthermore, changing 

mitochondrial membrane potential causes caspases 3 and 9 

to activate, resulting in cellular death. It then activates c-Jun 

NH2 terminal kinase (JNK), which causes apoptotic bodies 
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to develop and DNA breaks, resulting in cell cycle arrest 

(Nishanth et al., 2011). According to Folkmans' idea, tumour 

development is caused by the production of new blood vessels 

(angiogenesis). Blood flow is required for tumour development 

and dissemination, according to this theory. These new blood 

arteries provide cancer cells with nourishment and oxygen, 

allowing them to infect surrounding tissues. Greenly produced 

AgNPs were shown to be effective in the treatment of retinal 

neovascularization (RNV)-like illness. By modulating vascular 

endothelial growth factor receptor 2 phosphorylation, AgNPs 

decreased RNV caused by vascular endothelial growth factor 

and stopped the activation of extracellular signal related kinase 

(ERK1/2). AgNPs have been used in cancer therapy owing to 

their anti-angiogenic effects (Verano-Braga et al., 2014). 

Antimicrobial property of silver nanoparticles and its 

mechanism

Silver metal has been utilised for a variety of applications 

throughout history. Silver is used in many cultures as jewellery, 

adornment, and fine cutlery. Silver was thought to provide health 

advantages to those who used it as jewellery, goods, and flatware. 

Silver is often employed in the nitrate form to generate antimicrobial 

effects, however when silver nanoparticles are utilised, the surface 

area accessible for microorganisms to be exposed to increases 

dramatically. Silver nanoparticles produced from plant extracts 

(from various sources) were tested for antibacterial activity 

against a variety of microorganisms (Ahmed et al., 2016). The 

specific mechanisms of silver nanoparticles' antibacterial or 

toxicological actions are currently being researched and are a 

hotly disputed issue. The positive charge on Ag ions is thought 

to be important for antibacterial properties. Silver must be in its 

ionised state in order to have any antibacterial capabilities. 

Silver is inert in its ionised state, but when it comes into touch 

with moisture, it releases silver ions (Klueh et al., 2000).

Conclusion

A growing awareness of green chemistry and the usage of 

green routes for metal nanoparticle production has sparked 

a drive to create environmentally acceptable 

methodologies. The advantage of synthesising silver 

nanoparticles using plant extracts is that it is cost-effective, 

energy-efficient, and provides better work environments 

and communities, as well as preserving human health and 

the environment, resulting in less waste and safer goods. 

Many studies have been published on the production of 

silver nanoparticles from plant extracts such as those 

mentioned above. There is still a need for a commercially 

feasible, cost-effective, and environmentally acceptable 

method of determining the potential of natural reducing 

constituents to create silver or gold nanoparticles that has 

yet to be investigated. When plant extracts from the same 

species are gathered from various regions of the globe, there 

is a considerable difference in chemical makeup, which 

might lead to different findings in different labs. This is the 

fundamental disadvantage of employing plant extracts as 

reducing and stabilizing agents in metallic nanoparticle 
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Figure 4. A schematic diagram of anticancer mechanisms of AgNPs. 

AgNPs can destroy the ultrastructure of cancer cell, induce ROS 

generation and DNA damage, promote apoptosis and autophagy by 

regulating multiple signaling pathways (Xu et al., 2020).

Figure 5. Schematic representation of the mechanisms of AgNPs 

against bacteria, depicting ROS-dependent pathway, DNA damage, 

protein denaturation and enzyme inactivation for antibacterial action 

of AgNPs (Xu et al., 2020).
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syntheses, and it must be addressed. Identification of 

biomolecules found in plants that are responsible for mediating 

nanoparticle formation for a quick one step process to address the 

aforementioned difficulty might pave the way for green silver or 

gold nanoparticle synthesis.
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