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1. Introduction

Although remarkable improvement has been established from time
to time in the area of antiviral therapy, medicines are unable to totally
prevent all viral diseases. Hence, it is indispensable to develop antiviral
agents which can act against a wide reach of viruses [1]. Nano-
technology field is one of the most active areas of research in con-
temporary material science. Every day, this field is emerging with new
discoveries, causing an impact on the quality of human life [2]. The
specific properties and characteristics of nanoparticles, such as size,
shape, morphology and crystalline structure, make them fit for many
applications. Silver nanoparticles (AgNPs) have been attracted by many
researchers working in many fields as food technology, agriculture,
medicine, and environmental technology [3]. In medicine, AgNPs are
considered a novel therapeutic agent and widely studied as an anti-
microbial agent [4]. It has a potential for the treatment of animal
bacterial diseases [5]. Also, it attracts abundant attention due to the
potential antiviral action, and is the topic of much research effort in the
treatment of viral diseases [1] against monkey poxvirus [6], herpes
simplex virus [7], human immune deficiency virus; HIV [8], poliovirus
[9], and rift valley fever virus [10].

Virus infections pose significant global health challenges [3]. Some
of the synthesized antiviral compounds are associated with other health
hazards.

In Egypt, the utilization of nanotechnology in human and veterinary
medicine has shown a great growth. Nanotechnology holds a big pro-
mise for animal health, veterinary medicine and many areas of animal
production [11,12]. Nanoparticles proved as proficient therapeutic
agent due to its outstanding physiochemical properties, characteristics

and globally applicable physical mode of action [2]. There is a positive
correlation between the high concentration of AgNPs and the inhibition
of Escherichia coli (E. Coli) isolated from surface and ground water [13].

Infectious bovine rhinotracheitis/infectious bovine balanopothitis
(IBR/IPV) is a highly contagious disease caused by BoHV-1 affecting
cattle and buffaloes worldwide [14]. The disease causes severe re-
productive disorders leading to significant economic losses to cattle
industries [15].

In this study, in vitro determination of the inhibitory effect of Ag-NPs
on viral replication (Bovine herpesvirus-1; BoHV-1 as a model) with an
emphasis on the therapeutic, safe and cytotoxic concentrations was
conducted.

2. Materials and methods

This research proposal was approved by the Ethical Research
Committee of Animal Reproduction Research Institute, Code No.
181429 on 26-12-2017.

2.1. Silver nanoparticles preparation

Silver nanoparticles 755 µg/mL (0.07mM as stock solution) were
synthesized by the chemical reduction method as described before [16].
The solution was used to prepare two fold serial dilutions with varied
concentration (755, 371, 188, 94, 47, 24, 12 and 6 µg/mL 2% MEM).
The morphology and size of the synthesized silver nanoparticles were
examined by high resolution transmission electron microscope type
JEOL JEM- 1200 EX, operating at 120kv. UV–VIS spectrophotometer
was used to detect the UV–visible spectrum of prepared nanoparticles.
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Particle size distribution of prepared nanoparticles was tested by Mal-
vern-Zetasizer Nano (ZSP) – UK.

2.2. Virus and cell culture

The international reference (Colorado) strain cultured on BVD and
Mycoplasma free Madin-Darby bovine kidney (MDBK) cell culture were
used. The tissue culture infective dose 50 (TCID50) was calculated ac-
cording to Reed and Muench [17] method that was used to determine
the viral titer. The virus suspension was used at 105.8 TCID50 to study
the cellular viral effect and the anti-viral effect of Ag-NPs.

2.3. Cytotoxicity assay of Ag-NPs

The anti-viral effect of Ag-NPs on the viability of MDBK cells was
measured using tetrazolium salt MTT {3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide} as colorimetric-based assay according to
previous studies [18,19]. The infected and non-infected MDBK were
treated with two fold serial dilutions of the Ag-NPs in 2% MEM
(0.07mM in solubilization solution as stock solution). Each dilution
added in one column of 96 well tissue culture (TC) plate 25 µL/well.
After 72 h, post incubation, cellular viability was measured by MTT and
the optical density (OD) was read at wavelength 550 nm using an ELISA
reader (Thermo Lab systems, Brussel, Belgium).

2.4. Anti-BoHV-1 effect of Ag-NPs

MDBK cells cultured in 96 well TC plate were infected with pre-
incubated virus suspension mixed with Ag-NPs dilution as 25 µL/well
for 2 h. The infected-, treated- and control MDBK were stained with
neutral red (NR) stain. The NR stain was prepared as described by
Repetto et al. [20] and used as 10% in the culture medium (0.33% as
stock solution).

2.5. Data analysis

Data presented as mean ± SD and analyzed using a one-way ana-
lysis of variance (ANOVA) by using the SPSS 6.1.3 software package
(SAS, Cary, NC, USA) and the difference between the means was
measured by the test of least significant difference (LSD) at statistical
significance P < .05.

3. Results

3.1. Properties of synthesized AgNPs

Transmission electron microscope TEM image of the prepared silver
nanoparticles (Fig. 1) depicted spherical particles with size< 30 nm.
Few particles were prismatic while others were cubic in shape. Owing
to the high reactivity of the synthesized particles, they could agglom-
erate.

The prepared silver nanoparticles showed particle size distribution
(Fig. 2). The particle size ranged between 15 and 50 nm with the
average particle size of 20–25 nm. This result confirmed the results of
transmission electron microscope.

Uv–visible spectrum of prepared silver nanoparticles is shown in
(Fig. 3). As indicated in the spectrum, two absorption peaks at wave-
length about 350 and 450 nm were observed. These peaks were at-
tributed to the formation of spherical and deformed spherical silver
particles.

3.2. Cellular safety and toxicity of Ag-NPs:

Ag-NPs were safe for the MDBK cell culture at a concentration of
24 µg/mL medium. The highest concentrations were cellular toxic with
different degrees (Table 1).

3.3. The cytopathic effects of BoHV-1 in inoculated MDBK

BoHV-1 inoculated MDBK cells (Fig. 4a), were rounded, detached
and appeared with apoptosis with chromatin condensation, cellular

Fig. 1. Transmission electron microscope image of the synthesized silver na-
noparticles.
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Fig. 2. Particle size distribution of the synthesized silver nanoparticles.
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Fig. 3. Ultraviolet-visible spectrum of the synthesized silver nanoparticles.

R.S. El-Mohamady et al. International Journal of Veterinary Science and Medicine 6 (2018) 296–300

297



blebbing, and fragmentation of DNA while in negative control (Fig. 4b),
normal cells were observed.

3.4. Effect of Ag-NPs treated BoHV-1 inoculated cell culture

Ag-NPs treated BoHV-1 inoculated MDBK cells showed that the ef-
fective concentration was 24 µg/mL and this concentration interfered
with the BoHV-1 replication with no CPEs detection (Fig. 5a and b).

4. Discussion

Silver nanoparticles catch the attention of scientific community and
industrialist consideration due to their broad range of highly accepted
utilization in biomedical fields and industry (especially its powerful
antimicrobial effects, anti-inflammatory effect, and wound healing).
However, the presenting studies using Ag-NPs for prevention and
treatment of viral infections are limited, but still they can pave the way
for other researchers to show their interest in dealing against viral in-
fections [21].

The size and geometry of Ag-NPs are dependent on the synthetic
methods (chemical, physical, photochemical and biological) [22]. Each
method has its advantages and disadvantages, adopted for its synthesis.
Moreover, Ag-NPs can be found in spherical, rod and triangular shape,
or coated with polymer, biomolecules and sugars [23,12].

Viruses infect all forms of cellular life, eukaryotes and prokaryotes.
Viruses reported as the main cause of disease and death in the world.
Bovine herpesvirus 1 (BoHV-1) is a member of the family Herpesviridae,
subfamily Alphaherpesvirinae [24,25]. BoHV-1 isolates were classified
into subtypes 1 and 2, according to enzyme profiles [26]. BoHV-1
causes an economically important disease in cattle [27,28], which is
sustained in herds by latency in nervous ganglia, the hallmark of her-
pesviruses, as well as in non-neural sites, lymph nodes and tonsils
[29–32].

Infection of permissive cells with BoHV-1 accelerates cell death, in
part due to apoptosis [33]. Viral gene expression is temporally arranged
in three distinct phases: immediate early (IE), early (E), or late (L) [34].
During BoHV-1 productive infection, caspase 3 is activated relatively
late, suggesting that apoptosis takes place [33,35,36]. In (Fig. 4a),
MDBK cellular apoptosis were observed after 48 hr post infection (P.I)
with BoHV-1. Many published studies assessed the effect of Ag-NPs on
the HIV-1 virus [37,38]. The authors concluded that the interaction
between Ag-NPs and virus is size dependent (small sized nanoparticles
are more effective against these viruses) [37,39]. They further refined
the idea that Ag-NPs get stuck to the sulphur present in the gp120
glycoprotein knobs that hinders the normal activities of the virus,
therefore the normal functions of the virus is blocked. In this study, Ag-
NPs can protect the MDBK cell culture from BoHV-1 infection at a
concentration of 24 µg/mL medium (which is safe at the same time on
MDBK). This is agree with the finding recorded by Hu et al [40] who
reported that Ag-NPs could inhibit poliovirus and showed the nontoxic
effect of the cell culture even at concentrations up to 100 ppm.

Also, Elechiguerra et al. [37] proposed that Ag-NPs can control the
apoptosis of MDCK cells caused by H1N1 influenza A virus. Most re-
ported articles recommended the same mechanism which states that
Ag-NPs get stuck to the outer proteins of the virus sequentially in-
hibiting the normal function of the virus. As illustrated in the (Fig. 5a,
b), the Ag-NPs at the recommended concentration inhibit the MDBK
cellular apoptosis.

5. Conclusions

Ag-NPs could be used In Vitro safely at the recommended con-
centration (24 µg/mL) to protect the cellular culture against viral re-
plications. Ag-NPs at nontoxic concentrations were capable of in-
hibiting BoHV-1 when administered prior to viral infection.Ta

bl
e
1

Th
e
ce
ll
vi
ab

ili
ty

re
su
lt
s
by

M
TT

as
sa
y
w
it
h
di
ff
er
en

t
A
g-
N
Ps

co
nc

en
tr
at
io
ns

(µ
g/

m
L)
.

C
on

c.
µg

/m
L

C
on

tr
ol

75
5

37
1

18
8

94
47

24
12

6

M
ea
n
±

SD
0.
28

2
±

0.
04

1b
c

0.
08

6
±

0.
01

3d
0.
24

0
±

0.
00

1c
0.
24

0
±

0.
00

9c
0.
25

7
±

0.
00

8c
0.
24

5
±

0.
00

8c
0.
27

4
±

0.
00

7b
c

0.
27

0
±

0.
02

3b
c

0.
32

1
±

0.
00

9a
b

M
ea
ns

w
it
h
di
ff
er
en

t
su
pe

rs
cr
ip
t
le
tt
er
s
ar
e
di
ff
er
en

t
at

le
as
t
at

P
<

.0
5.

R.S. El-Mohamady et al. International Journal of Veterinary Science and Medicine 6 (2018) 296–300

298



6. Competing interests

The authors of the present work report that there is no conflict of
interest in this work.

References

[1] Gaikwad S, Ingle A, Gade A, Rai M, Falanga A, Incoronato N, et al. Antiviral activity
of mycosynthesized silver nanoparticles against herpes simplex virus and human
parainfluenza virus type 3. Int J Nanomed 2013;8:4303–14.

[2] Khandelwal N, Kaur G, Kumara N, Tiwari A. Application of silver nanoparticles in
viral inhibition: a new hope for antivirals. Digest J Nanomat Biostruct
2014;9:175–86.

[3] Galdiero S, Falanga A, Vitiello M, Cantisani M, Marra V, Galdiero M. Silver
Nanoparticles as Potential Antiviral Agents. Rev Molec 2011;16:8894–918.

[4] Rai M, Yadav A, Gade A. Silver nanoparticles as a new generation of antimicrobials.
Biotechnol Adv 2009;27:76–83.

[5] Smekalova M, Aragon V, Panacek A, Prucek R, Zboril R, Kvitek L. Enhanced anti-
bacterial effect of antibiotics in combination with silver nanoparticles against an-
imal pathogens. The Vet J 2016;209:174–9. https://doi.org/10.1016/j.tvjl.2015.10.
032.

[6] Rogers JV, Parkinson CV, Choi YW, Speshock JL. A preliminary assessment of silver
nanoparticle inhibition of monkeypox virus plaque formation. Nanoscale Res Lett
2008;3:129–33.

[7] Baram-Pinto D, Shukla S, Gedanken A, Sarid R. Inhibition of HSV-1 attachment,
entry, and cell-to-cell spread by functionalized multivalent gold nanoparticles.
Small 2010;6:1044–50.

[8] Lara HH, Ayala-Nuñez NV, Ixtepan-Turrent L, Rodriguez-Padilla C. Mode of anti-
viral action of silver nanoparticles against HIV-1. J Nanobiotech 2010;8:1–10.

[9] Huy TQ, Thanh TN, Thuy NT, Chung PV, Hung PN, Le AT, et al. Cytotoxicity and
antiviral activity of electrochemical – Synthesized silver nanoparticles against po-
liovirus. J Virol Meth 2017;241:52–7. https://doi.org/10.1016/j.jviromet.2016.12.
015.

[10] Borrego B, Gema LO, Josué DM, Almanza-Reyes H, Mateos F, López-Gil L, et al.
Potential application of silver nanoparticles to control the infectivity of Rift Valley
fever virus in vitro and in vivo. Nanomedicine: NBM 2016;12:1185–92. https://doi.
org/10.1016/j.nano.2016.01.021.

[11] Muktar Y, Bikila T, Keffale M. Application of nanotechnology for animal health and
production improvement. WASJ 2015;33:1588–96.

[12] Meena NS, Sahni YP, Thakur D, Singh RP. Applications of nanotechnology in ve-
terinary therapeutics. J Entomol Zool Stud 2018;6:167–75.

[13] Dosoky R, Kotb S, Farghali MM. Efficiency of silver nanoparticles against bacterial
contaminants isolated from surface and ground water in Egypt. J Adv Vet Anim Res
2015;2:175–84.

[14] Iscan UT, Duman R. Bovine herpesvirus type- 1 (BHV-1) prevalence in dairy cattle.
JAVA 2011;10:1523–5.

[15] Pawar SS, Meshram CD, Singh NK, Saini M, Mishra BP, Gupta PK. Development of a
SYBR Green I based duplex real-time PCR for detection of bovine herpesvirus-1 in
semen. J Virol Methods 2014;208:6–10.

[16] Omara ST, Zawrah MF, Sam AA. Minimum bactericidal concentration of chemically
synthesized silver nanoparticles against pathogenic Salmonella and Shigella strains
isolated from layer poultry farms. J App Pharma Sci 2017;7:214–21.

[17] Reed LJ, Muench H. A simple method for estimating fifty percent endpoints. Am J
Hyg 1938;27:493–7.

[18] Hansen MB, Nielsen SE, Berg K. Re-examination and further development of a
precise and rapid dye method for measuring cell growth/cell kill. J Immune Meth
1989;119:203–10.

[19] Al-Jabri AA, Wigg MD. Oxford J.S. Initial in vitro screening of drug candidates for
determinants potential antiviral activities, In: Mahy, B.W.J. site rRNA model oli-
gonucleotide. Journal of and H.O. Kangro (Eds.),Virol meth manual. Molec Biol
1996;262:421–36.

[20] Repetto G, Peso AD, Zurita JL. Neutral red uptake assay for the estimation of cell
viability/cytotoxicity. National Institute of Toxic and Foren Sci Nature Protocols
2008;3:pp. 1125–1131.

[21] Haider A, Kang I. Preparation of silver nanoparticles and their industrial and bio-
medical applications: a comprehensive review. Advan Mater Sci Eng
2015;16:165257.

[22] Khan I, Saeed K, Khan I. Nanoparticles: Properties, applications and toxicities.
Arabian J Chem 2017. https://doi.org/10.1016/j.arabjc.2017.05.011.

[23] Castro L, Blázquez ML, Muñoz JA, Ballester A. Mechanism and applications of metal
nanoparticles prepared by bio-mediated process. Rev Adv Sci and Eng 2014;3:1–18.

[24] Ashbaugh SE, Thompson KE, Belknap EB, Schultheiss PC, Chowdhury SI, Collins JK.
Specific detection of shedding and latency of bovine herpesvirus 1 and 5 using a
nested polymerase chain reaction. J Vet Diagn Invest 1997;9:387–94.

[25] ICVT. Virus Taxonomy 2015; Release EC 47, London, UK, ICTV. “Virus Taxonomy:
201 Release”4. Retrieved 15 June 2015.

[26] Engels M, Giuliani C, Wild P, Beck TM, Loepfe E, Wyler R. The genome of bovine
herpesvirus 1 (BHV-1) strains exhibiting a neuropathogenic potential compared to
known BHV-1 strains by restriction site mapping and cross-hybridization. Virus Res
1986;6:57–73.

[27] Tikoo SK, Campos M, Babiuk LA. Bovine herpesvirus 1 (BHV-1): biology, patho-
genesis and control. Adv Virus Res 1995;45:191–223.

[28] Schwyzer M, Ackermann M. Molecular virology of ruminant herpesviruses. Vet
Microbiol 1996;53:17–29.

[29] Roels S, Charlier G, Letellier C, Meyer G, Schynts F, Kerkhofs P, et al. Natural case of
bovine herpesvirus 1 meningoencephalitis in an adult cow. Vet Rec
2000;146:586–8.

[30] Winkler MT, Doster A, Jones C. Persistence and reactivation of bovine herpesvirus 1
in the tonsils of latently infected calves. J Virol 2000;74:5337–46.

[31] Jones C. Herpes simplex virus type 1and bovine herpesvirus 1 latency. Clin
Microbiol Rev 2003;16:79–95.

[32] Abril C, Engels M, Limman A, Hilbe M, Albini S, Franchini M, et al. Both viral and
host factors contribute to neurovirulence of bovine herpesvirus 1 and 5 in ineter
feron receptor-deficient mice. J Virol 2004;78:3644–53.

[33] Devireddy LR, Jones CV. Activation of caspase and P53 by bovine herpesvirus 1
infection result in programmed cell death and efficient virus release. J Virol
1999;7:3778–88.

[34] Misra V, Walker S, Hayes S, Ohare P. the bovine herps virus alpha gene trans-
inducing factor activates transcription by mechanisms different from those of its
herps simplex virus type 1counterpart. J Virol 1995;69:5209–16.

[35] Lovato L, Inman M, Henderson G, Doster A, Jones C. Infection of cattle with a BHV-
1 strain that contains a mutation in the latency related gene leads to increase a
apoptosis in TG during the transition from acute infection to latency. J Virol
2003;77:4848–57.

[36] Zhang Y, Jones C. Identification of functional domains within the bICP0 protein
encoded by BHV-1. J Gen Virol 2005;86:879–86.

Fig. 4. (a) Bovine herpesvirus-1 inoculated Madin-Darby bovine kidney cells and stained with neutral red. (b) negative control cells.

Fig. 5. (a) Silver nanoparticles treated bovine herpesvirus-1 inoculated Madin-Darby bovine kidney cells and (b) negative control cells.
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