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Abstract: Silver nanoparticles (AgNPs) have provided a broad spectrum of antiviral activity against 

some types of enveloped and non-enveloped viruses. Silver nanoparticles are currently the most widely 

commercialized nanomaterials. In recent times, viral infections are emerging as one of the most 

common diseases with high mortality in the human population. The present study investigates the 

antiviral efficacy of the silver nanoparticles synthesized by the green method against HSV-1 and H1N1 

influenza viruses. Characterization studies revealed that the silver nanoparticles showed an average 

particle size of 47 nm with a surface plasmon resonance peak at 426 nm. Silver nanoparticles exhibited 

50% cytotoxicity in Vero cells at 197 µg/mL concentration, and 50% Inhibitory concentration (IC50) 

against HSV-1 was observed at 19.6 μg/mL. Silver nanoparticles demonstrated > 1 log reduction in 

H1N1 influenza A virus at 17 µg/mL. These findings indicate that silver nanoparticles possess excellent 

antiviral activity, which can be suitably used in various formulations to eradicate the spread of viral 

infections. 
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1. Introduction 

Infectious diseases caused by viruses are a serious threat to the human population. 

Many types of viral infections exist, and the mortality rate varies depending on the virulence 

factors. Herpes simplex virus-1 (HSV-1) is an enveloped and double-stranded DNA virus that 

belongs to the Herpesviridae family [1]. Transmission of HSV-1 occurs through oral-to-oral or 

oral-genital contact. HSV-1 infections cause mollaret’s meningitis, encephalitis, neonatal 

herpes, and blindness in humans [2]. Approximately 1.5 million cases yearly suffer from 

blindness due to HSV-1 infections in developed countries, and 40,000 new cases worldwide 

[3].  

Influenza A virus is a respiratory pathogen in humans and causes a high mortality rate 

year [4]. Influenza A virus is further classified into various subtypes depending on the surface 

glycoproteins present viz. H1N1, H3N2, H5N1, and H7N9 [5]. In 2015, the Indian swine flu 

outbreak due to H1N1virus caused a 6% fatality in Rajasthan's middle-aged and younger 

population [6].  

Antiviral drugs, namely acyclovir, valaciclovir, and ganciclovir, are used to treat HSV 

infections [7]. Influenza virus infections are treated by drugs such as favipiravir, oseltamivir, 

and zanamivir [8]. Although these drugs are known to inhibit the replication and proliferation 

of viruses, there exists only poor to negligible activity toward the mutated virus [9]. To address 
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this, there is an urgency to develop antiviral agents which act against the virus at multiple steps 

of viral replication.  

With the advent of green nanotechnology, biomedical science is revolutionizing. The 

green chemistry approach for the synthesis of nanoparticles has gained more attention. 

Amongst, silver nanoparticles are widely applied as antimicrobial agents against bacteria [10], 

fungi [11], and viruses [12]. Recently, silver nanoparticles used have been as antiviral agents 

such as hepatitis B virus [13],  HIV [14],  Chikungunya virus [15], HSV-2 [16], Influenza virus 

(H3N2) [17], Bovine herpesvirus-1 [18]. Owing to the superior advantages, the nanoparticles 

developed by the green approach are considered an ideal test candidate for antiviral studies. 

The present study investigates the antiviral activity of silver nanoparticles developed by green 

nanotechnology. The antiviral efficacy of silver nanoparticles against herpes simplex type 1 

(HSV-1) and influenza A viruses (H1N1) is evaluated. 

2. Materials and Methods 

2.1. Synthesis and characterization of silver nanoparticles. 

Briefly, silver nitrate was mixed with amino acid conjugate with Tris (Hydroxymethyl) 

phosphine, and the mixture was transferred to a water bath sonicator and kept for 24 hours at 

80°C [19]. The silver ion to the silver nanoparticles' formation was recorded using a UV-Vis 

spectrophotometer (SHIMADZU UV 2600). The surface morphology and elemental analysis 

of the silver nanoparticles were analyzed using High-Resolution Scanning Electron 

Microscopy (HR-SEM) and Energy Dispersive X-ray analysis (EDAX) (Oxford Instruments, 

X-Max 80mm2). The morphology and size of silver nanoparticles were analyzed by 

Transmission Electron Microscopy (TEM; JEOL 1400, LTE, Tokyo, Japan). 

2.2. Cell culture. 

Vero cell lines were grown in Dulbecco’s Modified Eagle Medium supplemented with 

fetal bovine serum (10 %) and then incubated at 5% CO2 and 37°C until the cells were confluent 

around 70-80%. After 24 h, cell culture was harvested using trypsin, and approximately 2.0 x 

105 cells/ml were seeded using a medium. MDCK cells (Madin-Darby Canine Kidney cells) 

were seeded using minimum essential medium (MEM) added with 10% BSA, 5% 

streptomycin, 0.025% trypsin, and glucose solution, and cells were incubated for 24h. 

2.3. In vitro cytotoxicity assay.  

The cytotoxicity of silver nanoparticles was studied in Vero cells using an MTT assay 

[20]. Approximately 1.0 x 105 cells were seeded into 96 well using 10% of FBS with DMEM 

medium and then incubated at 5% CO2 and 37 °C for 24 h. After 24 h the medium was 

discarded, and different concentrations of silver nanoparticles (50, 100, 150, 200, 250, 300 

µg/ml) were added to the fresh growth medium. Cells without treatment were considered as 

control, and then cells were incubated for 24 h. After 24 h treatment 50 µl of 3-(4,5- 

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT - 5mg/ml) was added to each 

well. After 4h incubation, 100 µl of Dimethyl sulfoxide (DMSO) was added to each well to 

solubilize the formed formazan crystals, and the plate read at 570nm using a microplate reader.   
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% 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑂𝐷 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑔𝑟𝑜𝑢𝑝

𝑂𝐷 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑔𝑟𝑜𝑢𝑝 
 𝑥100 

2.4. In vitro anti-HSV-1 activity.  

The virucidal activity of silver nanoparticles against HSV-1 virus was studied using the 

co-treatment method [21]. After 24 h, Vero cells were infected by HSV-1 at the dose of 100 

TCID50 for 2 h. After that, cells were washed with PBS and replenished with 100 μl of medium 

and treated with different concentrations of the silver nanoparticles (50, 25, 12.5, 6.25 μg/ml). 

Control cells were treated with an infective dose of HSV-1 virus and incubated at 37°C and 

5% CO2. After 72 h treatment, 50 μl of MTT solution (5 mg/ml) was added to each well for 4 

h at 37°C. Then, 100 μl of DMSO was added to dissolve the formazan crystals. After 10, min 

plate was read using an automated microplate reader at 570 nm. The percentage of cell 

protection/virus inhibition can be calculated as: 

(Mean OD of the control group – Mean OD of the treated group) × 100 

Mean OD of the control group 

2.5. In vitro Anti-influenza H1N1 virus activity. 

 The virucidal activity of silver nanoparticles against H1N1 virus was studied using the 

pre-treatment method [12]. Silver nanoparticles (17 μg/mL) were incubated with an equal 

volume of Influenza H1N1 virus, and the mixture was made using a cell culture medium. This 

mixture of virus and silver nanoparticles was kept at 37 °C for 1 h. After the incubation period 

mixture was filtered using a resin column (Microspin S-400HR). The collected eluate was used 

to infect MDCK cells. The infected MDCK cells were grown in MEM with FBS. The cells 

were maintained at 5% CO2 at 37oC for 6-7 days and observed for the presence of cytopathic 

effect (CPE). 

3. Results and Discussion 

3.1. Characterization of silver nanoparticles.  

The silver nanoparticles showed the characteristic surface resonance peak of silver 

nanoparticles at 426 nm (Fig. 1a), which confirms the formation of the nanoparticles. Silver 

nanoparticles were well separated, and no visible aggregation was observed in SEM 

micrographs. (Fig. 1b). EDAX spectrum showed strong signals for the elemental silver of silver 

nanoparticles (Fig. 1c). TEM images confirmed the silver nanoparticles were spherical with an 

average size from 21 to 66 nm (Fig.2). Moreover, the particles were well separated. No 

aggregations were seen, and the same was consistent with SEM results.  

3.2. Cytotoxicity assay. 

As a first step, the biocompatibility of silver nanoparticles was assessed. Investigation 

of the in vitro cytotoxicity of silver nanoparticles (50, 100, 150, 200, 250, 300 µg/mL) on Vero 

cells revealed that a 50% cytotoxic dose (CC50) was observed at the concentration of 197 
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µg/mL (Fig. 3A). Morphological observation of treated Vero cells clearly showed cytoplasmic 

condensation and cell shrinkage when compared with control (Fig.3B&C).    

 
Figure 1. a) UV-Visible spectrum of Silver nanoparticles b) SEM image of silver nanoparticles, c) EDAX 

spectrum of silver nanoparticles. 

 
Figure 2. TEM image of silver nanoparticles. 

3.3. Antiviral activity HSV-1 of silver nanoparticles. 

The antiviral effect of silver nanoparticles against HSV-1 was determined by co-

treatment of the virus with different concentrations of silver nanoparticles (6.25, 12.5, 25, 50 

μg/mL). About 50% of viral inhibition was observed at 19.6 μg/mL (Fig.4A-C). Silver 
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nanoparticles showed anti-HSV activity of 92.8 % at 100 μg/ml. As the concentration of the 

test sample increases, the percent of age viral titer decreases. These results confirmed that silver 

nanoparticles display potent dose-dependent antiviral activity against HSV-1. In a report by 

Orlowski et al. [22], tannic acid-capped Ag NPs showed to inhibit the HSV-2 virus where the 

biological affinity with viral glycoproteins was increased, which aids in blocking post-

infection, attachment, and penetration stage during virus replication. Sargassum wightii 

seaweed used to synthesize silver nanoparticles effectively reduced the 70% cytopathic effect 

of both HSV-1 and HSV-2 at 2.5 μL [23]. HSV-2 replication was inhibited at concentrations 

of  100 μg/mL and limited toxicity to cells [16]. 

 
Figure 3. A. Cytotoxic effect of silver nanoparticles on Vero cells, B. Control Vero cells, C. Silver 

nanoparticles treated cells. 

3.4. Anti-Influenza activity of silver nanoparticles. 

MDCK cells were used for the proliferation of H1N1 virus. Interestingly, pre-treatment 

of the virus with 17 μg/mL of silver nanoparticles showed to inhibit virus propagation by a 1.2 

log reduction from its initial titer. In a report by Xiang et al. [12], silver nanoparticles are shown 

to interact with the H1N1 virus. The possibility of viral inhibition occurs by different steps as 

follows,   i) Ag NPs bind to the surface protein of the virus and inhibit the virus interaction to 

the normal cells (ii)  Ag NPs bind to the genetic material of the virus (DNA or RNA) and inhibit 

the replication or propagation of the virus. Jeremiah et al. [24] reported that a Luciferase-based 

pseudovirus entry assay revealed that PVP-AgNP10 potently inhibited viral entry and 

effectively inhibited extracellular SARS-CoV-2 to protect the target cells from infection. 

AgNPs at the dose of 50 µg/mL most effectively decreased the respiratory syncytial virus RSV 

replication by 79% in A549 cells and 78% in HEp-2 cells. AgNPs have the potential to block 

the entry of RSV by binding surface glycoproteins and/or inhibit the spread of RSV [25]. 
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Figure 4. A. Vero cells, B. Vero cells infected with HSV-1, C. HSV-1 infected cells treated with silver 

nanoparticles. 

4. Conclusions 

This study presents the virucidal activity of the Silver Nanoparticles prepared by the 

biogenic approach against HSV-1 and H1N1 influenza A virus. Interestingly, silver 

nanoparticles displayed dose-dependent anti-HSV-1 activity with IC50 of 19.6 μg/mL. 

Moreover, more than a 90% reduction in H1N1 virus titer was observed with silver 

nanoparticles at 17 μg/mL. These results confirmed that silver nanoparticles display potential 

antiviral activity against HSV-1 and H1N1 influenza A virus. Considering this, silver 

nanoparticles, as an antiviral agent, can be readily used to prepare various formulations ranging 

from sanitizers to disinfectants, where the antiviral properties of silver nanoparticles could be 

of great use. 
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