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Abstract  

Viral pathogen infections pose a major global health challenge: the emergence of bacteria and 
strains of viruses that are resistant to conventional antibiotics and antivirals, and undesirable 

side effects due to their long-term use, are slowing the use of many antiviral therapies. As a 
potentially useful tool in the prevention of various pathogens, silver nanoparticles have 
already demonstrated their potential as an effective antiviral agent thanks to their unique 

physical and chemical properties. Silver nanoparticles offer an excellent opportunity for new 
antiviral therapies as they can attack a wide variety of viruses. It has been suggested that 
AgNPs induces reactive oxygen species and free radicals that induce apoptosis, which leads to 
cell death and prevents cell replication and cell wall destruction, and smaller nanoparticles 

have also been shown to be more toxic than larger particles. The toxicity of AgNP depends on 
the size, concentration, pH of the medium and the duration of exposure to the pathogen. This 
review examines the antimicrobial mechanisms, deleterious effects, and synthesis of AgNPs.  
 
Keywords: Silver nanoparticles, virus infection, antibacterial, antimicrobial mechanism.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PhOL     Mohamed Jamal Saadh    1332 (pag 1331-1336) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

Introduction  
The elemental metal silver (Ag) has a broad 

antimicrobial spectrum of activity against various 
bacteria, fungi, and viruses, due to its versatility, 
silver nanoparticles (AgNPs) have currently 
established themselves as microbicides for 
biological surfaces in various forms as wound 
dressings, medical devices, aerosol deodorants, and 
tissue. 

Antimicrobial mechanism of silver 

nanoparticles 
The antibacterial mechanism of 

silver Nanoparticles (AgNPs) is described by several 
researchers. Bacterial cell membranes contain 
sulfur-containing proteins and sulfur-containing 
amino acids; Silver can interact with them inside and 
outside the cell membrane, which leads to 
inactivation of bacteria. In addition, the silver ion 
released from AgNPs interacts with phosphorus in 
the DNA as well as with sulfur-containing proteins, 
which leads to an inhibition of enzyme activities. 
Also, other parameters to determine the 
antimicrobial activity. In the size-dependent study, it 
can be shown that an NP size of less than 20 nm can 
have a higher adhesion of the sulfur-containing 
membrane protein, which leads to a maximum 
permeability through the membrane and ultimately 
to bacteria cell death [1]. 

The exact mechanism by which AgNPs exert 
their destructive effects on viruses is not yet clear; 
however, it has consistently been observed 
that AgNPs interact with structural proteins on the 
surface of extracellular viruses to inhibit early phase 
infection, either by preventing the binding or entry 
of viruses or by damaging surface proteins to cause 
viral infection influence [2]. It has been shown 
that AgNPs preferentially bind to sulfhydryl-rich viral 
surface proteins and cleave disulfide bonds in order 
to destabilize the protein, which affects 
viral infectivity [3]. It has also been suggested 
that AgNPs have intracellular antiviral effects by 
interacting with viral nucleic acids [4]. 
The AgNPs with zinc has antiviral activity against the 
influenza virus H5N1, H9N2, SARS-Cov2 and PPRV [5-
9]. 

This must be taken into account due to the 
high surface-to-volume ratio that 

nanomaterials usually have. The smaller the 
particles, the larger the exposed metal surface and 

therefore a stronger microbicidal effect can be 
expected [10]. The shape is the rest of the 
parameters of the nanocrystals that are responsible 
for interacting with the bacterial cell wall. Truncated 
triangular silver nanoplates showed higher 
antibacterial activity against E. coli bacteria than 
spherical and rod-shaped nanoparticles [11]. 
Recently, AgNPs less than 10 nm in size have created 
pores in the cell wall due to these pores; the amount 
of cytoplasm released into the medium to control 
cell death, without interacting with proteins and 
nucleic acids inside and outside the bacterial cell. 
The interaction of AgNP with some cells can lead to 
programmed cell death (apoptosis) [12]. In addition 
AgNPs induces reactive oxygen species and free 
radicals that induce apoptosis [12], as shown in 
figure 1, and figure 2. 

Thus, AgNPs is an effective antiseptic in a 
variety of products such as Acticoat ™ for wound 
dressings, Silverline® for intraventricular 
polyurethane catheters, SilvaSorb® for hand gels, 
wound dressings and dental fillings. ONQ 
SilverSoaker ™ for drug catheter [13]. In addition to 
using in various products such as shirts, wipes, and 
medical masks, toothpaste, hand washing, 
shampoo, toys, laundry detergents, and humidifiers. 
However, the use of AgNPs in a consumer product is 
safe or not the current topic of discussion. 

Hazardous effects of Silver nanoparticles 
AgNP are used in various industries for their 

excellent antibacterial properties and effectiveness; 
Researchers and policymakers have raised 
awareness of the negative impacts of AgNPs on the 
environment and human health. Therefore, it is 
necessary to consider its health hazards and 
understand the associated long-term risks, which fill 
the knowledge gap on toxicity. As we know about 
AgNPs are an efficient material that is used in 
various fields such as food, health and fitness, 
cleaning, electrical devices, toys and medical devices 
[14]. 

Due to their physicochemical properties, 
silver NPs show signs of certain in vivo or virto. 
Another form of environmental toxicity is observed 
in the release of AgNPs, which are readily ingested 
by aquatic species. In addition, the widespread use 
of AgNPs as disinfectants may pose a risk of 
microbial resistance, which reduces its applicability. 
A bluish-gray discoloration of the skin is referred to 
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as argyria due to the toxicity of the AgNPs. 
Indeed, the toxicity of silver is low, but a different 
consequence than that of Argyria has been 
observed. In a higher concentration; Data from the 
available literature show that the cutoff of 0.9 g is 
the lifetime threshold for Argyria diseases [15]. The 
drinking water limit value is also 100 µg / L 
for nanosilver components. The toxicity 
of nanosilver or dissolved silver is much debated, 
but recent research reports show that the toxicity 
arises from the release of silver into the 
environment in both particulate and nano-
sized rather than dissolved silver. The sensitivity of 
the toxicity of silver NPS is higher in aquatic species 
with a concentration of 1 to 5 µg / L3 than in humans 
and mammals [16]. In the 
environment, nanosilver toxicity is introduced in 
sequential manner, e.g. B. by release, emission, 
distribution, and impact on aquatic life. AshaRani et 
al. reported that Agnp has the likely cause of toxicity 
for the human cell line as determined by 
cytotoxicity, genotoxicity, 
and antiproliferative parameters [17]. A review 
analyzes the various aspects of the transformation 
of the surface properties of silver NPs such as phase 
transformation, aggregation, and sulphidation in the 
environment, which lead to toxicity for living 
aquatic organisms. In addition, it showed the 
toxicity of silver NPs for the skin of the aquatic, land, 
plant, algae, fungal, vertebrate, and human cells 
(keratinocytes, lung fibroblast cells, 
and glioblastoma cells) [18]. Gliga et al. reported 
that detailed nanotoxicological studies of 
silver NPs with particle agglomeration in cell 
medium, cell uptake, intracellular localization, and 
silver release were investigated; and the disclosed 
intracellular release of silver is responsible for the 
toxicity to human lung cells [19]. Although 
knowledge about the dangerous effects of 
silver NPs is enriched, it is necessary to evaluate and 
optimize the toxicity limit, dose, and concentration 
for living aquatic organisms, and human, after that, 
it can be safely and effectively used in various 
functions. 

Synthesis of silver nanoparticles 
Ag-NPs have received a lot of attention 

because they also have the properties of LSPR, 
which makes them important for medical 
applications. They also have unique broad-spectrum 

antimicrobial properties against fungi, viruses, and 
bacteria [20]. Optical, electrical, and thermal 
properties that make them indispensable for the 
industrial application of electronics, catalysis, and 
photonics. They have been used in surface-
enhanced Raman spectroscopy (SERS) in chemical 
and biological sensors, and in biomedical materials 
used. In addition to biomarkers. The main uses 
of AgNPs are targeting cells and treating diseases 
such as interacting with the HIV1 virus and 
preventing it from binding to host cells in vitro [7,8, 
21]. 

The antimicrobial activity of AgNPs has 
benefited various applications such as (1) coatings; 
for example, coating vegetable oil 
with AgNPs shows excellent antimicrobial 
properties; (2) Ag NPs deposited on carbon filters 
reduced waterborne diseases; and 
(3) nanocrystalline Ag has been used in wound 
dressings to treat ulcers [22].Chemical reduction is 
the most widely used method for the chemical 
synthesis of AgNPs . This method is believed to be 
simple, inexpensive, and powerful. Chemical 
reduction depends on these components: metal 
precursors; a reducing agent such as ethylene 
glycol, glucose, NaBH4; and stabilizing/protecting 
agents such as sodium 
oleate, polyvinylpyrrolidone (PVP), polyvinyl 
acetate. However, the shape and size of chemically 
synthesized AgNPs depend on the reaction 
components, in addition to adjusting reaction 
parameters such as temperature and pH [22].  As 
shown in figure 3. 

The physical synthesis of AgNPs  can be 
achieved by various methods, such as condensation, 
evaporation, and thermal decomposition methods 
[8,22].The ceramic heating process is used to 
produce the monodisperse AgNPs of uniform size. 
The physical techniques used for the synthesis 
of AgNPs resulted in a uniform shape and size of 
the AgNPs [24]. However, the primary cost of 
equipment investment, the time required, and the 
high energy demand must be taken into account 
[24]. 

In green chemistry, traditional reducing and 
stabilizing agents have been replaced by 
biomolecules. In biological engineering, AgNPs are 
produced using bacteria, yeast, fungi, algae, and 
plants as reducing and stabilizing agents, for 
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example, the fungus Trichoderma Ride was 
used as a precursor for the synthesis of AgNPs from 
AgNO3 [7,8]. In addition, the mixture 
of Fastia japonica leaf extract with AgNO3 produced 
AgNPs with excellent antimicrobial activity [24]. 
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FIGURE 1. The effect of silver nanoparticles on the microbe. 
 

 
 
 
 
 

 

 
 

FIGURE 2. Antimicrobial mechanism of silver nanoparticles. 
 

 
 

 
FIGURE 3. Representation of the synthesis of (a) PVP-AgNPs and (b) drug loaded AgNPs. 


