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Abstract
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Review Article

Silver Nanoparticles: Synthesis, Biomedical Applications, Antibacterial 
and Anticancer Activities, and their Hemato-biochemical Impacts: 
A Review

Nanobiotechnology has grown rapidly as an essential branch of modern research, which deals with synthesis, 
design, and manipulation of particles with at least one dimension <100nm. As well as they have an important 
role in diagnosis and treatment of modern diseases. AgNPs are mostly used NPs in a variety of applications 
because of their exceptional physicochemical characteristics with low toxicity and biocompatibility. Also, 
their great chemical stability, catalytic activity, conductivity, and antimicrobial potential leads to its high com-
mercial use. AgNPs produced by the action of reducing reagents, such as, physical, chemical and biological 
techniques. Biosynthesized silver nanoparticles are most attractive nanomaterial of interest among several 
metallic nanoparticles, which characterized by its hazard free and eco-friendly cost-effective, biological, and 
therapeutic properties. The natural resources for biosynthesis of nanoparticles include plants, bacteria, yeast, 
algae, fungi and viruses. The AgNPs has great importance in several fields of the science and some technology 
as electronics, therapeutics, environmental protection, textile industry, cosmetics, biomedical, photonics and 
agriculture. Also they act as an effective antimicrobial, anticancer and diagnostic agents through the distinctive 
characteristics of Ag nanostructures, like its exceptional SERS/SPR, the properties and charge of its surface, 
variety of the shape, rate of dissolution, as well as its ability to organized Ag+ release for mediating both 
antimicrobial toxicity and cytotoxicity toward cancer cells. This review provided an overview of synthesis of 
AgNPs along with their anti- microbial and anti- cancer activities. In addition to an overview on how AgNPs 
affect hemato-biochemical parameters.
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INTRODUCTION

In recent years, the need to find alternate methods to com-
bat cancer and microorganisms which cause serious or even 
life-threatening illnesses has increased due to rising bacterial 
resistance to current antibiotics (Yuan et al., 2017; Zhang et al., 
2020; Wypij et al., 2021).

Metallic nanoparticles are often used in nanomedicine as a 
drug carrier that they can easily penetrate the cell membrane 
by their tiny size. Silver nanoparticles (AgNPs), which are among 
metal-NPs, have drawn particular attention, mainly in biomed-
icine since they are less hazardous to human cells than others 
(Zhang et al., 2016; Xu et al., 2020; Abdellatif et al., 2022). AgNPs 
occupy an imperative role in nanomedicine by its aptitude to dis-
played angiogenesis, essential step in tumor growth, invasive-
ness, and metastasis (Gurunathan et al., 2009). The synthesis of 
nanoparticles occurred by using three different methods: physi-
cal, chemical, and biological methods. For optimal safety and ef-
fectiveness, AgNPs can be produced using biological techniques 
(Zhang et al., 2016; Xu et al., 2020; Abdellatif et al., 2022). Bio-
logical methods often maintain a chemical composition that is 
homogeneous and free of flaws. These environmentally friendly 

techniques offer AgNP synthesis alternatives to the conventional 
physical and chemical synthesizing for use in anti-cancer ther-
apies (Deshmukh et al., 2019; Liu et al., 2021; Sofi et al., 2022). 
Biosynthesized AgNPs demonstrated less toxicity in relation to 
hepato-renal functions (Lee and Jun, 2019). The fundamental 
troubles for the wider utilize of AgNP incorporate challenges with 
their regularization and the associated insufficiency of biocom-
patibility certification (Zielińska-Górska et al., 2022). 

With a concentrate on the biomedical aspects of AgNPs, their 
therapeutic applications, their mechanism of action and their im-
pact on hemato-biochemical analysis, we offer a broad under-
standing of AgNPs properties, synthesis, characterization, and 
bio-applications in this review paper.

SYNTHESIS OF AgNPs

Different methods used in synthesis of AgNPs are presented in 
Fig. 1. 

Physical methods used in synthesis of AgNPs

Nanoparticles in physical methods synthesized either by 
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evaporation-condensation or laser ablation techniques. Both 
techniques are speed, no capping agent and high purity without 
chemicals hazardous or contamination of solvent included. On 
the other hand, the disadvantages are high power consumption, 
low yield, and long duration to achieve thermal stability which 
leads to high cost (Amendola and Meneghetti, 2009).

Chemical methods used in synthesis of AgNPs. 

Chemical methods included electrochemical techniques, 
chemical reduction, irradiation-assisted chemical methods, and 
pyrolysis (Wei et al., 2015). In chemical methods we used three 
main components metal precursors (silver), reducing agents 
(ascorbate, sodium citrate, sodium borohydride (NaBH4) ets.), and 
stabilizing/capping (thiols, amines, acids, and alcohols) agents. 
The previous components usually employ in two operations top-
down and bottom-up for chemical synthesis of AgNPs (Iravani et 
al., 2014). The advantage of this method is high yield, opposing 
to physical methods. On the other hand, this method is expen-
sive, toxic. Not give the expected purity, difficult to prepare with 
a well-defined AgNPs size and need further step to prevent the 
particle aggregation (Zhang et al., 2016). The top-down approach 
is used to shrink larger structures into the nanoscale range while 
maintaining their original properties without modifications at the 
atomic or subatomic scales (Tripathi and Goshisht, 2022), in this 
method, grinding, milling, sputtering, thermal/laser ablations, 
and other lithographic processes are used to size-reduce bulk 
materials into tiny particles (Ahmed et al., 2016; Vigneswari et al., 
2021; Tariq et al., 2022). The bottom-up process allows for the 
chemical and biological AgNPs synthesis through the self-assem-
bly of atoms into new nuclei, which then develop into nanoscale 
particles. The aerosol process, laser pyrolysis, plasma spraying 
synthesis, superficial fluid synthesis, and green synthesis are all 
used in the bottom-up strategy. The most popular method for 
creating AgNPs in the bottom-up method is chemical reduction.

Biological methods used in synthesis of AgNPs

To avoid sides effects of both physical and chemical methods, 
use of biological AgNPs synthesis is simple, cost effective, pollu-
tion-free, eco-friendly, has high density and stability. As well as 
it provides specific size particle and shape, this is an important 
factor for various biomedical applications (Thakkar et al., 2010; 
Khodashenas and Ghorbani, 2015). This method of AgNPs syn-
thesis influenced by three factors: solvent, reducing agent and 
non-toxic material. The biological synthesis of AgNPs occurring 
by various biological systems such as fungi, bacteria, plant ex-

tracts (act as reducing and stabilizing agents), as well as vitamins 
and amino acids (Gurunathan et al., 2009; Sintubin et al., 2012; 
Gurunathan et al., 2014).

CHARACTERIZATION AND PROPERTIES 
OF SILVER NANOPARTICLE
 

Characterization of AgNPs is done to estimate functional as-
pects of the AgNPs. The behavior, bio-distribution, safety, and 
efficacy of nanoparticles are affected by their physicochemical 
properties. AgNPs have unique physicochemical properties. The 
physical properties include shape, size, size distribution, surface 
charge, crystallinity, particles morphology and composition. The 
chemical properties include surface coating/capping, elemental 
composition, agglomeration, solubility, dissolution rate, particle 
reactivity in solution, efficiency of ion release and cell type. These 
physicochemical properties give the AgNPs the ability of easy 
entrance into the cells and interact efficiently with biomolecules 
inside the cells producing chemical conditions, which induce a 
pro-oxidant environment in the cells (Ratan et al., 2020) leading 
to adverse biological consequences, begin with initiation of in-
flammatory pathways until the cell death (Kwon et al., 2012). 

Physical properties (shape and size) play an important role 
in toxicity determination. Different types of nanostructures, such 
as nano- cubes, plates or rods, spherical and flower-like objects, 
have been employed in the biomedical sector (Zhang et al., 2016; 
Liao et al., 2019, Habeeb Rahuman et al., 2022). Nanoparticles’ 
shapes rely on how they interact with stabilizes and inductors 
nearby, as well as how they were created.

Shape and size of AgNPs can be affected by several factors, 
changing the experimental conditions and the synthesis meth-
ods (chemical-physical and biological). According to the synthe-
sis method, there are a range of particle sizes and shapes can be 
obtained such as cubes, prisms, spheres, rods, wires and plates 
(Sriram et al., 2012). For instance, the synthetized AgNPs from 
the culture supernatant of various Bacillus species as biological 
reducing agent are spherical, rod, octagonal, hexagonal, triangle 
and flower-like shaped particles (Folkman, 2002; Cobley et al., 
2009).

There are different analytical techniques used for AgNPs 
characterization which include: Ultraviolet spectroscopy (UV–VIS 
spectroscopy) which reflects size, shape alterations and scatter-
ing color of AgNPs. X-ray diffractometry (XRD) which give us in-
dication about the surface chemical composition of the AgNPs. 
Transmission electron microscopy (TEM) is another technique to 
determine the size and shape of AgNPs. Scanning electron mi-
croscopy (SEM) used in determination the surface morphology 
and atomic composition. Both of X-ray photoelectron spectros-
copy (XPS), Fourier transform infrared spectroscopy (FTIR) and 
Energy dispersive spectroscopy (EDS) used for the analysis of sur-
face properties. Dynamic light scattering (DLS) utilized to deter-
mine particle size and particle size distribution of small particles 
in a scale range from few nanometers to a few micrometers in 
solution or suspension and atomic force microscope (AFM) is an 
essential tool to study both surface morphology with nanometric 
resolution and for measurements of sensory forces (Gamboa et 
al., 2019). 

APPLICATION AND MECHANISM OF AC-
TION OF AgNPs

Silver nanoparticles (AgNPs) used in many different fields 
(Fig. 2), among them medical sector, food, health care and indus-
trial purposes (Mukherjee et al., 2001).  Numerous antibacterial 
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(Yin et al., 2020) and antiviral (Wang et al., 2019) mechanisms 
have been reported. 

The Antibacterial Activity of Silver Nanoparticles

A comparative study of AgNPs, AgNO3 and AgCl revealed 
that AgNPs have stronger antibacterial activity than free silver 
ions (Choi et al., 2008).  Most of the earlier research looked at 
the synergistic interaction between antibiotics and AgNPs (Deng 
et al., 2016; Patra and Baek 2017). AgNPs was discovered to be 
a more potent antibacterial agent and effective against a variety 
of antibiotics - resistant strains of Gram +ve and Gram -ve bac-
teria (Lok et al., 2007; Majnumeena et al., 2014), they performed 
their tasks by precipitating the cellular proteins and impeding the 
bacterial electron transport chain system (Barreiro et al., 2007).  
The thiol group of sulphur and hydrogen present in the bacterial 
proteins attaches to the silver ions released by the AgNPs and 
inhibits the growth of bacteria (Morones et al., 2005).

The antibacterial effectiveness of the AgNPs depends on their 
size, shape, and concentration.  According to studies, increasing 
AgNPs’ surface area can boost their antibacterial effectiveness 
(Ghodake et al., 2020). Researchers have confirmed that AgNPs 
have 50% inhibitory effect against multidrug resistant S.  aureus 
and E. coli at a comparatively low level of 20 g/ml. It showed ef-
fective suppression of both bacteria at a higher dosage of around 
40 g/mL. In a different investigation, pathogenic Gram +ve and 
Gram -ve bacteria including Ps. aeruginosa, E. coli, and S. typhi 
were successfully inhibited by biosynthesized AgNP made from 
the marine macroalgae Padina species. AgNPs with a concentra-
tion of 1mg/ml display a higher sensitivity against Ps. aeruginosa 
with inhibition diameter zone 13.33±0.76 mm and 15.17±0.58 
mm for S.  aureus, matched with the 0.00 mm of -ve control 
(Bhuyar et al., 2020). Another investigation showed a promising 
strategy with further testing in vivo, to develop novel antimicro-
bial agents and strategies to confront emerging antimicrobi-
al resistance. AgNPs levels below 1mg/mL were non-cytotoxic, 
however the biocompatible concentration of AgNPs (1mg/mL) 
significantly inhibited the growth of numerous bacterial species 
that were resistant to both the antibiotics and AgNPs alone (Ipe 
et al., 2020). 

The Antibacterial Mechanism of Silver Nanoparticles

The antibacterial efficacy of AgNPs against a wide range of 
pathogens, including bacteria, fungi, and viruses, has been stud-

ied by various reporters. Although AgNPs have been shown to 
be potent against more than 650 species, the exact mechanism 
of their antibacterial action is still not entirely known (Dakal et al., 
2016).  There have been many documented antibacterial mech-
anisms (Yin et al., 2020), including: Ag+ ions released by AgNPs 
stick to or pass through cell walls and cytoplasmic membranes, 
causing disruption of both structures; Ribosome denaturation: 
Silver ions denaturate ribosomes and stop protein synthesis; Ad-
enosine triphosphate (ATP) generation is halted because silver 
ions render the respiratory enzyme on the cytoplasmic mem-
brane inactive; Reactive oxygen species can rupture membranes. 
Reactive oxygen species are created when an electron transport 
chain breaks down; Replication of DNA is interfered with reactive 
oxygen species and silver, which attach to DNA and stop cell di-
vision; Denaturation of the membrane is brought on by the ac-
cumulation of silver nanoparticles in the cell wall pits; Membrane 
perforation: AgNPs directly pierce the cytoplasmic membrane, 
allowing the cell’s organelles to be released.

The Anticancer Activity of Silver Nanoparticles

Currently, tumor is viewed as a significant contributor to mor-
bidity and mortality on a global scale (Xu et al., 2020; McDaniel 
et al., 2019). By 2035, there will be an estimated 14 million new 
instances of cancer, which will have a significant effect on the 
global economy and society (Pilleron et al., 2019). Surgery, che-
mo, and radiotherapy are frequently used to treat cancer. One of 
the most significant benefits of greenly manufactured AgNPs is 
that they may be more biocompatible than nanoparticles made 
from the same chemical element using a traditional chemical 
process (Rónavári et al., 2021).  It is obvious that the development 
and use of NPs has increased community attentiveness of their 
toxicity and consequences on the environment (Brayner, 2008; 
Panda et al., 2011). AgNPs are thought to cause cytotoxicity by 
the production of ROS, which leads to a decrease in glutathione 
levels and an increase in ROS levels (Avaloset al., 2014). In vitro 
investigations on animal tissue and cultured cells revealed that 
exposure to AgNPs increased oxidative stress, apoptosis, and 
genotoxicity (Kim and Ryu, 2013). Multiple studies have shown 
that silver nanoparticles can get rid of human tumor cells while 
harming normal cells only very slightly (Al-Zahrani et al., 2022). In 
addition, AgNPs effectively cure hepato-cellular carcinoma, and 
cancers of lung, nasopharyngeal, colorectal, cervix, breast, and 
prostate in both in vitro and in vivo settings (Algotiml et al., 2022). 

The Anticancer Mechanism of Silver Nanoparticles

A variety of mechanisms underlie AgNPs’ broad-spectrum 
anticancer action (Fig. 3). AgNPs can reduce the viability and mul-
tiplication of cancer cells, according to numerous in vitro and in 
vivo tests. By damaging the ultra- structure of tumor cells, caus-
ing the generation of ROS, and causing DNA damage, AgNPs 
can trigger apoptosis and necrosis (Wang et al., 2019). Key genes 
like p53 and crucial signaling pathways like the hypoxia-induc-
ible factor (HIF) pathway can both be up- or down-regulated by 
AgNPs to increase or decrease the amount of apoptosis (Yang, et 
al., 2016). Cell cycle arrest may also be seen in tumor cells treated 
with AgNPs (Zhang et al., 2017). A number of cancer cells are 
killed by apoptosis and sub-G1 arrest when exposed to AgNPs. 
Additionally, AgNPs can lessen distant metastasis by preventing 
the migration and angiogenesis of tumour cells (Homayouni-Ta-
brizi et al., 2019). AgNPs have been the subject of numerous 
studies aimed at improving their therapeutic utility as nanocar-
riers for targeted drug delivery, chemotherapeutic drugs, and as 
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boosters for radiation and photodynamic treatment. A review of 
the accessible literature indicates that AgNPs can limit the devel-
opment of cancer cells by a variety of mechanistic approaches 
(Xu et al., 2020).

THE HEMATO-BIOCHEMICAL CHANGES 
PRODUCED BY SILVER NANOPARTICLES

By examining the effects of administering AgNPs, it was re-
vealed that there were some negative impacts on serum bio-
chemistry. AgNPs have emerged as effective antibacterial agents 
and are currently being tested in a variety of medical applica-
tions, including silver-based dressings, and Ag -coated medical 
equipment.  Hematological and histological abnormalities were 
not brought on by nano- silver wound dressing in the treatment 
group, although biochemical analyses revealed a significant in-
crease in plasma alanine transaminase (ALT) at the study’s end-
point, 21 days (Bidgoli et al., 2013).

Earlier data revealed a significant increase in proteinogram 
levels in tissue homogenates of the mosquito larvae of Culex pip-
iens previously treated with the increasing of lethal concentrations 
(LC10, LC50, and LC90) of green synthesized silver nanoparticles 
(GSNPs), in addition to a significant increase of lipid peroxidation 
level in tissue homogenates of larvae (Ragheb et al., 2020). For 
the goal of assessing the safety of intravenous injection of AgNP 
(10, 20, and 40 mg/kg), measurements of the rats’ body weight, 
organ coefficient, whole blood count, biochemistry assays, comet 
assay, ROS, and histological parameter were made. The authors 
came to the conclusion that the hemato-biochemical parameters 
in the 40 and 20 mg/kg groups both had noteworthy alterations, 
whereas AgNPs at low levels (10 mg/kg) are secure for use in 
biomedicine and have no negative adverse outcomes, high doses 
are hazardous (Tiwari et al., 2011).  AgNPs administration to rats 
at varying concentrations did not result in a discernible reduc-
tion in feed consumption or body weight; however, significant 
increases in serum and tissue AST, ALT, and ALP levels were re-
corded (Adeyemi and Adewumi, 2014). Analysis of serum IL-1β 
and TNF-α established an augment in rats after administration of 
AgNPs 10 mg and 30 mg/kg/day (Mohamed et al., 2020). Male 
albino rats were administered intraperitoneally with Ch-AgNPs at 
various doses resulted in the highest levels of MDA, ALT, AST, and 
the lowest levels of GSH, IgG, IgM, TPs (Hassanen et al., 2019).

Intraperitoneally AgNPs administration (5 mg/kg/day) per-
suade hepatic injure as specified by reduction in levels of glu-
tathione, total antioxidant capacity, SOD, CAT, and GSH-peroxi-
dase, and increase in level of CRP. These findings advocate that 

AgNPs treatment causes hepato- toxicity in rats; however, seleni-
um supplements mitigate these effects (Ansar et al., 2017). Incor-
porating AgNPs into C. tiglium extract caused an improvement in 
the erythrogram (RBCs, HB, HCT, MCV, MCH and MCHC), RDW, 
MPV, PLT and WBCs with its differential count levels, liver en-
zymes (ALT, AST and ALP), total proteins, albumin, as well as renal 
parameters (urea and creatinine) when compared to azoxymeth-
ane (AOM) induced colon cancer in rats (Aboulthana et al., 2020). 
Oral administration of silver NPs at different doses had no impact 
on the function of the rat liver but likely caused early apoptotic 
phases with elevated caspase-3 (Pourhamzeh et al., 2016).

CONCLUSION

The silver nanoparticles demonstrate exceptional anticancer 
effectiveness against many cancers cell types and antibacterial 
effect against both Gram+ve and Gram-ve bacteria. The AgNPs’ 
cytotoxic properties are considerably influenced by the various 
synthesis techniques. There are some negative impacts of AgNPs 
usage on the serum biochemistry.  Finally, notwithstanding Ag-
NPs’ high medicinal promise, it is important to emphasize that 
more study with toxicity proof is urgently needed because Ag-
NPs’ potential health and environmental risks are still unknown.
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