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In Vitro Antiviral Effect of ""Nanosilver' on Influenza Virus
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ABSTRACT

Introduction: Influenza is a viral infectious disease with frequent seasonal epidemics
causing world-wide economical and social effects. Due to antigenic shifts and drifts of
influenza virus, long-lasting vaccine has not been developed so far. The current annual
vaccines and effective antiviral drugs are not available sufficiently. Therefore in order to
prevent spread of infectious agents including viruses, antiseptics are considered by world
health authorities. Small particles of silver have a long history as general antiseptic and
disinfectant. Silver does not induce resistance in microorganisms and this ability in Nano-
size is stronger.

Materials and methods: The aim of this study was to determine antiviral effects of
Nanosilver against influenza virus. TCIDsy (50% Tissue Culture Infectious Dose) of the
virus as well as CCs, (50% Cytotoxic Concentration) of Nanosilver was obtained by MTT
(3- [4, 5-dimethylthiazol-2-yl]-2, S5-diphenyl-tetrazolium bromide, Sigma) method. This
compound was non-toxic to MDCK (Madin-Darbey Canin Kidney) cells at concentration
up to 1 pg/ml. Effective minimal cytotoxic concentration and 100 TCIDs of the virus were
added to the confluent cells. Inhibitory effects of Nanosilver on the virus and its
cytotoxicity were assessed at different temperatures using Hemagglutination (HA) assay,
RT-PCR (Reverse Transcriptase-Polymerase Chain Reaction), and DIF (Direct
Immunofluorescent). RT-PCR and free band densitometry software were used to compare
the volume of the PCR product bands on the gel.

Results and Discussion: In this study it was found that Nanosilver has destructive effect on
the virus membrane glycoprotein knobs as well as the cells.
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INTRODUCTION

Influenza virus infection is an important cause of
respiratory diseases worldwide. Due to antigenic
shifts and drifts of the virus, it is hardly managed
with antiviral drugs (1) and there is not suitable
long-lasting vaccine available. Therefore, there is
a great need for agents to be able to inhibit or kill
the virus on the surface (2). Because of
unavailability of sufficient effective drugs,
antiseptics and disinfectants are considered by
world health authorities.

Small silver particles with a long history as
general antiseptic and disinfectant are able to
interact with disulfide bonds (3-5) of protein
contents of microorganisms such as viruses,
bacteria and fungi. They can change three-
dimensional structure of proteins containing S-S
bonds and block the function of the
microorganism. This ability is stronger in Nano-
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size (6) and effects of its different forms on
surface glycoprotein knobs have been evaluated
on gpjpy membrane glycoprotein of HIV (Human
Immunodeficiency Virus) in vitro (7).

Influenza virus surface glycoproteins are
hemagglutinin (HA) and neuraminidase (NA).
HA structure consists of HA; and HA, subunits
linked by disulfide bond and due to the essential
role of this bond to commence the function of the
virus (8), effects of Nanosilver on this
glycoprotein by biochemical and molecular
techniques were evaluated.

MATERIAL AND METHODS

Viruses

Influenza A/New Caledonia/20/99 (HIN1);
standard virus was obtained from National
Institute for Biological Standards and Control
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(NIBSC) and used after several passages. It was
propagated in MDCK cells in the presence of 2
pg/ml of  Trypsin-TPCK (Tosylamide,
Phenylethyl Chloromethyl Keton-treated Trypsin)
(Sigma, St.Louis, MI) to help virus penetration by
cleavage of the HA, to HA| and HA,.

Cell culture

Continuous MDCK cells were grown in
Dulbecco's Modified Eagle’s Medium (DMEM)
(ICN) contained 10% heat-inactivated Fetal
Bovine Serum (FBS) (Gibco, Gaithersburg, MD),
100 Units/ml Penicillin G and 100 pg/ml
Streptomycin (Sigma Co.) at 37°C in a humidified
5% CO, incubator.

Test compound

Nanosilver was obtained as a Clear Goldish liquid
at 2000 ppm (particle/ml). It was used in different
dilutions to assess its antiviral activity.

Colorimetric MTT assay

Colorimetric  MTT assay was performed
according to Raphael Levi, et al (9). Yellow MTT
is reduced to purple formazan by mitochondrial
succinate dehydrogenase of living cells. Stock
MTT (10x), was prepared by dissolving
tetrazolium in PBS (Phosphate Buffer Saline) at a
concentration of 5 mg/ml and filtering through
0.45 pm filter. The medium of the confluent cells
was removed, then 100 pl of 1x MTT was added
to each well. Following incubation at 37°C with
5% CO, for 2 hrs, 100 pl of acidic isopropanol
was added and mixed to release the color from the
cells. Optical density was measured at 540 nm
using ELISA reader (Stat Fax-200) to elevate live
cells.

Determination of CCs, and effective minimal
cytotoxic concentration of Nanosilver

Cytotoxicity of the compound against MDCK
cells was evaluated in term of CCsy (50%
cytotoxic concentration). MDCK cell culture was
exposed to the compound at different
concentrations. Following 1 hr of incubation at
37°C and washing with PBS, the TPCK-
containing medium was added. After 48 hrs
incubation under the same conditions, the viability
of the cells was measured by MTT method.
Effective minimal cytotoxic concentration was
determined by statistical analyses (Spss ver. 11.0).

Virus inhibition assay

Confluent MDCK cell cultures were treated with
Nanosilver during and after virus infection in
three sets of experiments as follows:

1-100 TCIDsy of the virus was exposed with
effective minimal cytotoxic concentration of

Nanosilver for one hr at 37°C. Then 100 pl of the
mixture was added to the cells cultured fluently in
96-well flat-bottom microtiter plate. Following
one hr incubation at 37°C, the supernatants were
removed and the cells were washed with PBS.
Then 100 pl of the TPCK-containing medium was
added to each well. (Pre-penetration exposure)
2-100 TCIDsy of the virus (100 pl/well) was
added to each well. After one hr incubation at
37°C the unabsorbed viruses were removed and
cells were washed and 100 pl of Nanosilver
diluted with TPCK-containing medium was added
to each well (Post-penetration exposure).

3-100 TCIDsq of the virus and effective minimal
cytotoxic concentration of Nanosilver were mixed
and incubated at 37°C for one hr. The mixture
was added to the cells (100 pl/well) and after one
hr of incubation at 37°C and washing the cells,
100 pl of the compound was diluted with TPCK-
containing medium and was added to each well
(Pre and post-penetration exposure).

All plates including MDCK cells and influenza
virus inoculated MDCK cells were incubated at
CO,-incubator for 48 hrs and the virus titration
was carried out by HA. The viability of the
infected and non-infected cells was evaluated
using absorbance values of formazan. The percent
of protection was calculated as follows:

Percent protection =
[(ODT) V-(ODC) V]/[(ODC) M-(ODC) V] x100

Where (ODT) V, (ODC) V and (ODC) M indicate
absorbance of the sample, the virus-infected
control (no compound) and mock-infected control
(no virus and no compound), respectively (10).

Hemagglutination assay

In order to assess the presence of the virus
in cell culture, serial dilutions of the cell culture
media were added to 96-well U-shape
microplates. Chicken red blood cells (cRBCs)
(0.5%) were added to each well. Following
incubation at least for one hr at room temperature,
precipitation of the RBCs demonstrated absence
of the virus while hemagglutination indicated
presence of the virus.

RNA Extraction

Viral genomic RNA was extracted from 100 pl
of the wvirus inoculated cell culture media
using AccuPrep” Viral RNA Extraction Kit
(Bioneer, Seoul, Korea). Using this kit, RNA was
bound to glass fibers fixed in a column and finally
was isolated and eluted with 50ul of the elution
buffer. Since the influenza A virus has been used
in this study, Influenza B virus was added to the
samples as internal control (100 pl).
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RT-PCR

Complementary DNA was synthesized from 10 pl
of viral RNA using Superscript' "III First-Strand
Synthesis System for RT-PCR Kit (Invitrogen,
Carslbad, CA). Ten microliters of pl RNA sample
along with random hexamer primers and dNTP
mix were incubated at 56°C for 5 min and were
added to a mixture of buffer, RNase out and Super
Script III RT as instructed in the kit. PCR reaction
was performed according to the previously
described method (11). Primers used for this study
were amplified NS gene of influenza B and H,
gene of influenza A. Finally PCR products
(amplicons) were run on 1.5% agarose gel and
visualized by ethidium bromide staining. PCR
products were measured semi-quantitavely by the
band densitometry ratio using “Image Tool”
software.

RESULTS

Cytopathic Effect (CPE) of the virus on MDCK
cells

A serial 10-fold dilution of the virus was
prepared. MDCK cells grown in 96-well plate
were inoculated by the dilutions. TCIDs, of the
virus was calculated using Hemagglutination
assay and Karber formula (12).

Table 1. Cytotoxicity of Nanosilver on MDCK cells by
MTT test

Sample(ug/ml) Mean £SD
4 0.003+0.001*
2 0.084+0.005*
1 0.280+0.014*
0.5 0.543+0.018
0.25 0.547£0.002
0.125 0.553+0.002
0.06 0.565%0.002
0.03 0.565+0.002
0 0.565%£0.017

Different concentrations of Nanosilver were added to proper
MDCK cell culture. Following MTT assay, OD at 540 nm was
determined.Values are averages of four independent
examinations.

*: Significantly different from values obtained for Nanosilver
treated compared to untreated sample (p<0.0001).

CCsy and  effective  minimal
concentration of Nanosilver

Viabilities of the MDCK cells were determined at
48 hrs after exposure to the compound by reading
optical densities at 540 nm. CCsy of this
compound was deducted from the results of the
figure 2 or calculated by MTT results about
lpug/ml. After determination of CCsy of the
Nanosilver,  effective = minimal  cytotoxic
concentration of Nanosilver with no meaningful

cytotoxic

difference with control and no serious cytopathic
effect on the cells was obtained 0.5ug/ml (Table 1
& Figure 2).
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Figure 1. (DCCs, and( 1) effective minimal cytotoxic
concentration of Nanosilver. Optical Density at 540 nm
(Y axis) of different dilutions of the compound (X axis)
was measured by MTT.
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Figure2. RT-PCR products of Nanosilver-treated
influenza viral RNA (Lanes 2-4) compared to untreated
viruses (Lanes 5-6); Lane 1: DNA marker and Lane 7:
blank.

Protection percentage

Two days after each experiment the viabilities of
mock-infected and infected cells were evaluated
by determination of absorbance of formazan at
540 nm wavelength. The percent of protection
was calculated by the following formula:

Percent protection =
[(ODT) V-(ODC) V]/ [(ODC) M-(ODC) V] x100

Where (ODT) V, (ODC) V and (ODC) M
indicates absorbance of the sample, the virus-
infected control (no compound) and mock-
infected control (no virus and no compound),
respectively (10).

1-Percentage protection of the experiment I
is 76.72%, 2-Percentage protection of the
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experiment II is 58.52%, 3-Percentage protection
of the experiment 3 is 78.42%

Antiviral activity of Nanosilver against influenza
virus A (HIN1)

Cell culture of the virus in the presence of the
compound in different sets of experiments was
assessed by hemagglutination assay. The
inhibitory effect of the Nanosilver is shown by
reducing HA titer (Table 2).

Table2: Hemagglutination assay of the virus cell
cultures exposed to Nanosilver compared with the virus
cell culture.

Group Mean + SD

V(o™ 1.503+0.150
I 1.105+0.069*
Il 1.453+0.097
111 0.987+0.111*

Values are averages of four independent examinations
for HA assay calculated by Karber formula.

*: Significantly different from values obtained for
Nanosilver treated compared to untreated sample
(p<0.0001).

The results of RT-PCR

The effect of Nanosilver on the viral genome was
shown by reduction in the content of the PCR
product bands in gel electrophoresis (Figure 3).
Quantitative analysis on PCR products using band
densitometry software “Image Tool” and
statistical analysis by Mann-Whitney U test
showed statically meaningful decrease in genome
content in direct exposure of Nanosilver to the
virus (Figure 4).
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Figure3: Semi-quantitative analysis of the genome
content in treated samples compared to untreated . The
results showed meaningful difference (p<0.05) between
samples with direct exposure of Nanosilver to virus (I:
Pre-penetration exposure; II: Post-penetration exposure;
III: Pre & post-penetration exposure) compared to
untreated virus sample.

DISCUSSION
As long as influenza virus remains a serious cause
of disease, there will be a need to identify and
develop novel anti-influenza compounds with

distinct mechanisms of action (13).The strong
toxicity of silver in various chemical forms
especially silver nitrate to a wide range of
microorganisms is very well known and silver
nanoparticles have shown to be a promising
antimicrobial material (7).

The antiviral effect of Nanosilver for some viruses
have been reported previously (14). In this study
its inhibitory effect against influenza virus
A/H|N; was investigated. The capacity of silver
nanoparticles to inhibit influenza infectivity
was determined by MDCK cell culture of the
virus. The CCsy value of this compound was
found 1 pg/ml by MTT method and the effective
minimal cytotoxic concentration with least
cytopathic effects on the cells was found 0.5
pg/ml. Infection cycle of the virus involves fusion
of viral and cellular membrane with subsequent
transfer of viral genetic material into the
cytoplasm. The virus envelope consisted of lipid
bilayer interspersed with protruding
glycoproteins: HA, NA and M,. The glycoprotein
involved in fusion is HA trimer, each consisted of
two identical subunits: HA;, and HA,. HA, is
exposed to the exterior and HA, transmembrane
glycoprotein subunit spans the viral membrane
and connects the exterior HA; with M; matrix
protein. The main function of HA, is to bind with
sialylated cell-receptor sites on host cells and are
more exposed to the exterior and should be more
accessible for potential Nanosilver interaction
(15).

Each monomer of HA has two disulfide bonds,
one of them links amino acids 14 (HA;) and 137
(HA;). These subunits undergo conformational
changes by breaking disulfide bonds to make
receptor binding sites available to interact
with cell receptors (15). These exposed disulfide
bonds would be the most attractive sites
for Nanosilver to interact with the wvirus.
The specificity of Nanosilver in its natural
tendency to disulfide bonds plays an important
role in the antiviral activity, therefore blocking
the host receptor binding sites of the virus.
This result can further extends previous
findings that silver nanoparticles are useful
for anti-HIV adsorption to the host cells (7).
In this study inhibition of influenza virus
adsorption to MDCK cells and chicken red
blood cells by Nanosilver was investigated
by MTT, HA and RT-PCR methods. High
percent protection following exposure of
Nanosilver to the virus cell culture by MTT
method is in concordance with reduction
of HA titer of the virus cell culture after
incubation with Nanosilver. This inhibitory effect
of Nanosilver was also observed in RT-PCR
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products by reducing the gel electrophoresis band
content.

For all three kinds of treatments with Nanosilver
at 0.5 pg/ml concentration, viral infectivity was
reduced, while pre-penetration and pre and post-
penetration were more effective (p<0.05) as it has
been reported previously (16). The results show
that Nanosilver may interfere whit viral
membrane fusion by inhibition of penetration
(17). However, its effect on the host cells that
might be interference with fusion has also been

suggested (18).
In order to analyze the target molecule to
which ~ Nanoailver interacts  during the

adsorption/penetration process, the inhibitory
effect of Nanosilver against binding of antibodies
to viral membrane glycoprotein knobs was also
investigated. Result showed Nanosilver could
inhibit interaction between glycoprotein knobs

and antibodies to some extent. The decrease in the
fluorescent was observed following addition of
Nanosilver (data not shown).

Using biochemical and molecular methods to
investigate the antiviral activity of Nanosilver, it
is suggested that it could be a good candidate as
disinfectant as well as antiseptic to prevent the
viral infection.

Research on interaction of inorganic nonaparticles
with biosystems has been started recently and its
applications are going to be discovered. Knowing
the exact Nanosilver effect on the virus provides
the incentive for further research on the surface
glycoprotein conformation following interaction
with Nanosilver.

ACKNOWLEDGMENT
The authors appreciate Mr. Abbas Jamali's help to
edit the article.

10.

11.

12.

13.

14.

15.

16.

REFERENCES
Carraro E. , Ferreira N. Daniel, Benfica D., Helena S. Ana, Francisco H. Celso, Cristina J. Nancy.
Application of a duplex RT-PCR and direct immunofluorescence assay in comparion with virus
isolation for detection of influenza A & B., J. Diagnostic Microbiology and Infectious Diseases.
2007; 57:53-57.
Wright Amy E. Cross; Burres Sue S.; Kohen Neal; Frank. Novel antiviral and antitumor terpen
hydroquinons and methods of use. US patent 5,051,419. 1991.
Liau S.Y., Reed D.C., Pugh W.J., Furr J.R., Russell A.D. Interaction of silver nitrate with readily
identifiable groups: relationship to the antibacterial action of silver ions, J. Applied Microb. 1997;
25:279-283.
Fuhrmann, G.F. and Rothstein, A. The mechanism of the partial inhibition of fermentation in yeast
by Nickle ions.Biochemica et Biopphisica Acta. 1968; 163:331-338.
Russell A.D. and Hugo W.B. Antibacterial activity and action of silver. Progrress in medicinal
Chemistry. 1994; 31:351-376.
http://www.nano-silver.net : Antimicrobial mechanisms of Nano-silver
Elechiguerra J. Luis, Burt Justin L, Morones Jose R, camacho B. Alejandra, Xiaoxia Gao, Humberto
H Lare, Jose Y. Miguel. Interaction of silver nanoparticles with HIV-1, J. Nanobiotechnology. 2005;
3:6, 1-10.
Wilson, L.A., J.el. J and Wiley D.C. Structure of the HA membrane glycoprotein of influenza virus
at 3 A° resolution, Nature. 1981; 280:366-373.
Levi R., Beeor-T. Talia, Arnon R. Microculture Virus titration — a simple colorimetric assay for
influenza virus titration, J. Virological methods. 1995; 52: 55-64.
Shigeta S., Mori S., Wtanabe J., Soeda S., Takahashi K., Yamase T., Synergistic anti-influenza virus
A (HINI) activities of PM-523 (Polyoxomatalate) and Ribavirin in vitro and in vivo, J.
Antimicrobial agents and chemotherapy. 1997;1423-1427.
Shahidi M., Tavassoti K. M., Amini-Bavil-Olyaee S., Hosseini M., moattari A., Tabatabaeian M.,
Bashar R., Sarami-F. R., Mahboudi F., Molecular and phylogenetic analysis of human Influenza
virus among Iranian patients in Shiraz, Iran. J. Med.Virol. 2007; 79:803-810.
Karber, G. 50% endpoint calculation, Arch. Exp. Pharmak. 1931; 162,480-483.
C. Wagman P., A. Leong M., A. Simmen K., Development of a novel influenza A antiviral assay, J.
Virological methods. 2002; 105-114.
Shigeta S., Mori S., Kodama E., Kodama J., Takahashi K., Yamase T., Broad spectrum anti-RNA
virus activities of titanium and vanadium substituted Polyoxotungstates, J. Antiviral Research. 2003;
58:265-271.
Bullough Per A., M. Hughson F., J. Skehel J., C. Wiely D., Structure of influenza hemagglutinin at
the PH of membrane fusion, J. Nature. 1994; 371: 37-43.
Nakayama, M, Suzuki, K., Toda. M., Okubo, S., Hara, Y., Shimamura, T., Inhibition of the
infectivity of influenza virus by tea polyphenols, J. Antiviral Research. 1993; 21: 289-299.



17.

18.

Kheiri et al / DARU 2009 17 (2) 88-93 03

Song J-Min, Kwang-Hee Lee, Baik-Lin Seong.. Antiviral effect of catechins in green tea on

influenza virus, J. Antiviral Research. 2005; 68:66-74.
Imanishi, N., Tuji, Y., Katada, Y., Mruhashi, M., Konosu, S.,Mantani, N., Terasawa, K., Ochiai. H.,
Additional inhibitory effect of tea extract on the growth of influenza A and B viruses in MDCK

cells, J. Microbiol. Immunol. 2002; 46:491-494.



