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Abstract

In this study, the in-vitro cytotoxic effect and antiviral properties of gold
nanoparticles (AuNPS) against cytopathic strain (NADL) bovine viral diarrhea virus
(BYDV)were evaluated. AuNPSwas previously reported to possess in-vitro antiviral
properties against HIV and multistrains of influenza virus.Citrated AuNPS of 7+2 nm
were prepared and PEG functionalized. Evaluation of the cytotoxicity of prepared AuNPS
did not show toxic effects to MDBK cells with concentrations of 2 and 4 ppm. The antiviral
activity of AuNPS was evaluated by the inhibition of the cytopathic effect on infected
MDBK cells by means of (MTT) based colorimetric assay and was found that 4 ppm is the
optimum concentration for virus inhibition. Results of the in- vitro antiviral activity and
cytotoxicity showed that prepared nanoparticles has limited in-vitro toxic effect at
concentration of 4 PPM also has strong affinity and reasonable inhibitory effect on

BVDV.
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Introduction

Viruses belonging to the Flaviviridae
family cause clinically significant diseases in
humans and animals. This family includes
three genera;Pestivirus [including bovine viral
diarrhea virus (BVDV)], Flavivirus [including
yellow fever virus (YFV), dengue virus, and
West Nile virus (WNV)], and Hepacivirus
[including hepatitis C virus (HCV)]. Bovine
viral diarrhea virus (BVDV) is an important
pathogen of cattle andis endemic 1n cattle
herds in most parts of the world. It is the
prototype virus of the genus Pestivirus, which
also includes Hog Cholera Virus (HCV)
and Border Virus (BDV), the
etiologic agents of Classical Swine Fever and
Sheep Fever; respectively (Paton et al., 1995).

Disease

BVDV is considered to be a valuable
surrogate virus model for identifying and

characterizing antiviral agents to be used
against HCV(Buckwold et al., 2003 and
Yamane et al.,, 2009).BVDV is a small

enveloped virus with a diameter of about 40
nm, and 1s classified into BVDV genotype 1
(BVDVi) and BVDV genotype 2 (BVDV))
Viruses from either BVDV ; or BVDV ,

genotypes  have  shown  characteristic
phenotypes in cell culture and are classified as
non-cytopathic or cytopathic biotypes (Donis
and Dubovi, 1987 and Ridpath et al.,
1994).BVDV has been associated with
significant economic losses throughout the
world.  Although several prevention and
control measures for BVDV have been
adopted, the disease remains prevalent. Bovine
persistently infected by non-cytopathic BVDV
are immunotolerant to the virus. They have
infectious virions in all body secretions and
can develop a potentially fatal form of BVDV
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Hepatitis C virus (HCV), ; rf]g?mbcl: of
the hepacivirus genus, family 'I"Iawvlrldae, 1S @
major cause of human hepatitis thro ugh (_)ul _lhe
world. The World Health Organization
estimates that 130 to 150 million people are
chronically infected with HCV. Improved
therapies are urgently needed to manage the
disease  burden caused by HCV.
Unfortunately, study of HCV has been
hampered by the inability to propagate the
virus efficiently in cell culture. However,
HCV  shares many  molecular  and
virologicalsimilarities with pestiviruses. Both
HCV and BVDV have single strand RNA
genomes (approximately 9,600 and 12,600
nucleotides in length, respectively) that
encode about nine functionally analogous gene
products (Rice, 1996). Thus, comparative
studies with the pestiviruses have greatly
facilitated  our understanding of HCV.
Pestiviruses, in fact, has been adopted by
n‘mny Investigators as a model and surrogate
tor HCV(Buckwold et al,, 2003 and Yamane
¢t al,, 2009).In view of the economic impact
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thesis of Gold Nanoparticles:

Colloidal gold nanoparticles  were
synthesized by the optimization of classicg]
Citrate  Reduction ~ method  according

toTurkevich et al. (1951).

Syn

Surface modification of Gold
Nanoparticles:
Surface  modification of gold

nanoparticlesnecessary to increase its colloidal
stability in physiological fluid was performed
by adding poly —ethylene glycol (PEG)
according to the method described by
Alcantar et al.(2000) .

Characterization of Gold Nanoparticles:

Prepared gold nanoparticles were
characterized by using UV-Vis
Spectrophotometer (PERKIN-ELEMER
Lambda 40 B double beam), Zetasizer
(Malvern, UK, and Model: Zetasizernano
series (Nano ZS), Size range 0.6:6000 nm.),
and high Resolution Transmission Electron
Microscopy(Tecnai, FEI, Netherland)
according to Liu and Lu (2006).

Cytotoxicity of Gold Nanoparticles by
MTT assay:

Prior to using the synthesized gold
nanoparticles for anti-viral assay, cytotoxicity
o na.nopal'ﬁcles was determined using Vere
cell lines by MTT (a tetrazole) assay. MDBK
cell lines were trypsinized, suspended if
Minimal essential medium and counted using

rypan blye exclusion dye according !°
Mosmann(1983).
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Determination of AuNPs antiviral activity
and interaction of viral particles with
AuNPs(Kesarkar et al., 2012):

To study the mode of action of

Nanoparticles with BVDV, we used two

different ways:
Method I: In the first method, the

viral particles were interacted with the gold

NPStor 15 minutes and then allowed tointeract
with the MDBK cells. 25 pl of wviral

suspension (10° TCDso/ml) was added with 25
ul of the different concentrations of the
synthesized gold NPS in PCR tubes and
incubated for 15 minutes at 37°C. The
concentrations of AuNPSused (2, 4, 6 and 8
ppm) were based on the results of the
cytotoxicity assay done for the Nanoparticles
showing minimumcytotoxicity.

Method II: In the second method, the viral
particles were first allowed to infect MDBK

cells and the AuNPSwere added to the

suspension afterwards. A volume of 25ul of
viral suspension (10° TCDso/ml) was added to
different wells of tissue culture plate
containing 5 x 10°cells/ml of MDBK cells and
incubated for 1 hr in CO; incubator. After | hr

of incubation,2, 4, 6 or 8ppm of Nanoparticles
were added and the wells were incubated tor

72 hr at 37°C in CO; incubator.

The following two controls were also
kept parallel for incubation.

0.35
0.30
0.25
0.20

0.15

Absorbance

0.10
005

000
400 500 600

. Triple control contamning only cells and
viral suspension.
2. Triple control containing only cells.

After incubation, 10ul (Smg/ml) MT1
reagent was added in each well and incubated
at 37°C for 4 hrs in CO; incubator.Then 100
ul of 0.1N acidifiediso-propanol was added to
each well and kept in dark for 30 min at room
temperature. The well plates were then kept
on a shaker for 1 min and OD was taken af
530 nm wavelength. The average values from
triplicate readings were determined and the
average value for the blank  was

subtracted.Absorbances against number of

cells/ml were plotted.

Results

Synthesis and Characterization of AuNP5:
In the present experiments, trisodium

citrate served the dual role of both a reducing
agent and a stabilizer. Trisodium citrate
initially acts as a reducing agent to reduce the
Au (II) ions to Au (0) then acts as the
stabilizing agent by forming a layer of citrate
ions over the AuNPs surface.

a) UV-Visible Absorption Spectroscopy:

The absorption spectrum for the solution
of citrated AuNPs is characterized by the
excitation of the Plasmon resonance in the

neighborhood of 518 nm  (Fig.,1).

e A UN P S capped citralte

700 800 900

wavelength, nm

Fig (1): Spectrophotometer results of AuNPS

wave length 518nm

characterization showing peak absorption at
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Fig. (2): a-TEM image showing spherical shape of the prepared AuNPS
b- Histogram chart providing the size distribution of synthesized AuNPS capped citrate.
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Fig (3): The zeta potential of citrated AuNPS was found to be around -12.3 mV
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absorbance of different AuNPS
concentrations on BVDV infected MDBK
cells compared to cell control and VIrus
infected cell control. Results revealed that
treatment of the virus with AuNPS was

offective in method (1) than in method (2)
as far as cell viability is concerned and the

highest cell viability was observed at 4 ppm

AuNPSconcentration.

Results of cytotoxicity assay of prepared
AuNPS by MTT (tetrazolium) assay:

Data in table (1) and Fig. (4)
demonstrate the mean absorbance of the
different  concentrations of AuNPSwhich

represent the amount of MTT formazine formed
intracellularlyand reflect the degree of cell
viability (opposite of cytotoxicity) compared (0
cell control.

Table (2): Results of antiviral assay (MTT) of
AuNPSon MDBK against BVDV by

microplatereader.

Results. showed that the degree of cell

cytotoxicity ~was directly proportional 10
usedAuNPS. The

concentration of the

maximum nontoxic concentrations (MNTCS) N eS| oo | eon
of the used AuNPS were 2 and 4 ppm. Ciroiy conentobon 0 | method 2) |
PP
Table (1): Results of cytotoxicity assay ' 720 04bc | 011 £005¢
able (1): Results o i Torion Joumnd]
(MTT) of AuNPS on MDBK cells by AINPS 6 020807ab | 0.1120.05¢
Microplate reader absorbance. s = oDl DaTEoase |
+ e s coubol | U 011z e __:
AUNPS_ Mean ("alls control 02710042
Group cnnn;r;’t;datwn (OD)
{ S ) 0.17 £ 0.04 b values with diffrent superscripts letters
AuNPS 6 0.20+£0.02 b significant at P< 0.05
Citrated 1 0.28 £0.03 a —
2 0.28 +0.02 a A
Cells ﬂnly (0) 0.27 £ 0.04 a 0.2
(control) .
values with diffrent superscripts letters significant &
at P <0.05 ’
0.D ' o) : _ ; N " t celh only |
03 GNPs (PPM) gy i )
0,25 | CT | = !
i — . B B Fig. (5): Results of antiviral assay (MTT)
0,15 f' .
e method (1) of AuNPSon MDBK against BVDV
005 1 : | _ o | by Microplate reader absorbance
D v : e - - [l — — . 5 |
B b 4 2 cell only
GNPs (PPM] Lkt ' Discussion

Fig. (4): Results of cytotoxicity assay (MTT)of
AuNPS on MDBK cells (method 1) by

Microplate reader absorbance.

Results of in-vitroAuNPSantiviral

activity using MTT assay:
Results in table (2) and Fig.(5)

demonstrate the changes In  mean

The unique physiochemical properties
of the nanoparticles combined with the
growth inhibitory capacity against microbes
has led to the upsurge in the research on
nanoparticles and their potential application
as antimicrobials. AuNPS have unique and
well defined physical and chemical
properties which can be manipulated
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reutralizing candidate when allowed to
interact with cells.

References

Alcantar, N.A.; Aydil, E.S.: Israelachvili, J.N.
(2000): Polyethylene glycol-coated
biocompatible surfaces. J. Biomed. Mater.
Res.. 5. 51(3):343-51.

Bolin, S.R.; Matthews, P.J.: Ridpath, J.F.

(1991): Methods for detection and frequency

of contamination of fetal calf serum with

hovine viral diarrhea virus and antibodies

against Bovine Viral Diarrhea Virus.J/. Vet.

Diagn. Invest., 3: 199-203.
Buckwold, V.E.; Beer, B.E.: Donis, R.O. (2003):

ine viral diarrhea virus as a surrogate

Bov
aluation of

model of hepatitis C virus for the ev

antiviral agents. Antivir. Res., 60(1):1-15.
Chah, S.; Hammond, M.: Zare, R. (2005): Gold

nanoparticles as colorimetric sensor for protein

conformational ~ changes. Chem.  Biol,
12(3):323-8.
Donis, R.O.; Dubovi, E. J. (1987): Differences
i virus-induced polypeptides in cells infected
by cytopathic and noncytopathic biotypes of
bovine  VIrus diarrhea-mucosal  disease

virus. Virology J., 158: 168-175.

Kalaycioglu, T.A.; Russell, P.H.; Howard, C.R.
(2007): Selection of mimotopes of Bovine
Viral Diarrhoea Virususing a solid-phase
peptide library. Vaccine, 25: 7081-7086.

Kesarkar, R.; Oza, G.; Pandey, S.; Dahake, R.;
Mukherjee, S.; Chowdhary, A.; Madhuri
Sharon, M. (2012):Gold nanoparticles:
effective as both entry inhibitors and Virus
neutralizing agents against HIV. J. Microbio.
And Biotech. es; V (2) ;1 (2) P : 276-283.

Liu, J., Lu, Y. (2006): Nature Protocols, 1(1),
246

Mosmann, T. (1983): Rapid colorimetric assay

for cellular growth and survival: application to

proliferation and cytotoxicity assays.
immunol. Methods, 65(1-2):55-63.

Paeshuyse, J.; Chezal, J.M.; Froeyen, M.;
Leyssen, P.; Dutartre, H.; Vrancken, R.;
Canard, B.; I etellier, C.; Li, T
Mittendorfer, H.; Koenen, F.: Kerkhofs, P.;
De Clercqg, E.; Herdewijn, P.; Puerstinger,
G.; Gueiffier, A.; Chavignon, O.; Teulade,
J.C:3 Neyts, J. (2007): The
imidazopyrrolopyridine analogue AG110 is a
novel highly selective inhibitor of pestivirus
that target the RNA-dependent RNA
polymerase at a hot spot for inhibition of viral
replication. J. Virol., 81: 11046-11053.

Paton, D.J.; Carlssson, U.: Lowings, J.P.;
Sands, J.J.; Vilcek, S.: Alenius, S. (1995):
Identification of herd-specific bovine viral

diarrhoea virus isolates from infected cattle
and sheep. Vet. Microbiol., 43: 283-294.

Rai, V.R., Bai, J. A. (2011):Nanoparticles and
their Potential Application as Antimicrobials. In:
Science Against Microbial Pathogens:
Communicating Current Research and
Technological Advances, Mendez-Vilas, A. (Ed.).

University of Mysore, India, pp: 197-209.

Reed, L.J.; Muench, H. (1938): A simple
method of estimating fifty percent end points.
Am. J. Hyg., 27:593-597.

Rice, C. M. (1996): in Virology, eds. Fields, B.
N., Knipe, D. M. &Howley, P. M. (Lippincott,
Philadelphia), pp. 931-959.

Ridpath, J.F.; Bolin, S.R.:Dubovi, E.J. (1994):
Segregation of bovine viral diarrhea virus into

genotypes. Virology J., 205: 66-74.
Salim, M.T.A.;Goto, Y.: Hamasaki, T.;
Okamoto, M.; Aoyama, H.; Hashimoto,
Y.;Musiu, S.:Paeshuyse, J.;Neyts,
J.;:Froeyen, M.:Herdewijn, P.; Baba, M.
(2010):Highly potent and selective inhibition
of bovine viral diarrhea virus replication by y-
carboline derivatives. Antiviral Res., 88: 263-

268.
Sametband, M.; Shukla, S.; Meningher, T.;

Hirsh, S.; Mendelson, E.: Sarid, R
Gedanken, A.; Mandelboim, M. (2011):
Effective multistrain inhibition of influenza
virus by anionic gold nanoparticles. Med.

Chem. Commun., 2:421-423.
Tabarrini, O.;Manfroni, G.;Fravolini,
A.;Cecchetti, V.; Sabatini, S.; De Clercq,
E.:Rozenski, J.; Canard, B.;Dutartre,
H.:Paeshuyse, J.;Neyts, J.(2006): Synthesis
and anti-BVDV activity of acridones as new
potential antiviral agents. J. Med Apr., 49:

2621-2627.
Turkevich J.; Stevenson, p. C.; Hillier, J.

(1951): A study of the nucleation and growth
processes in the synthesis of colloidal

gold.Discuss. Faraday Soc., 11, 55-75.
Vijayakumar, S.,Ganesan, S. (2012): Gold

nanoparticles as an HIV entry inhibitor. Curr.

HIV Res., 10(8):643-6.
Wang, L.;Zhao, W.; Tan, W. (2008):

Bioconjugated Silica Nanoparticles:
Development and Applications. Nano Res., 1
2 :99-99-115

Yamane, D.; Zahoor, M. A.; Mohamed, Y. M.;
Azab, W.; Kato, K.; Tohya, Y.; Akashi, H.
(2009): Inhibition of sphingosine kinase
bybovine viral diarrhea virus NS3 is crucial
for  efficient  viral  replication and
cytopathogenesis. J Biol. Chem., 284, 13648-

13659

(%81 CamScanner


https://v3.camscanner.com/user/download

YMJG, 61 (4) 1-8 October 2015 g — \1423

TSR ik ity gDl gl 32 Jal vl bl ¥y 412l B0 ) L,L‘ﬂm a5, ﬁ&_}f“‘*‘“ A g
rﬁﬁJltqu’-JhJ PIAN) sl ((gual) il ulsha R Lyl it b i ‘“ﬂJW;b;iﬂu 'CMM"’"“I.
: N — e , cia y % V) 4 adl) ¢ (s e Jard B ] Clauaal) y
Ca WAL fia gl Vi Uy ppa citd Aggillll ) Cllaguey Apass 554 ﬁ"iitaue‘-ﬂ“*‘““ﬂ’“ |l ) Al f‘-ﬂau;;d” |
Bl kil i3 b iop (e WA o el b sl Q! g b Byl o S Clasanl 008 dpiadl ctd 35 7, Co
"U.H"MMLW"‘ ngja
: S e b Sl A 33
¢ anall ol Ad S o S e SN 4l ﬁMQIﬁJPﬁUVyﬁﬁaﬁu&ﬂl{mdllulm%m'-l 4
i yeal) palaiay 9 AN paly Yuaad g4 49 'qiyﬂ‘d*uiwbﬁ;ﬂ#juﬂaﬂs";ydﬁ&%m%
_o_,,l.nuh‘;.-,tyjmwhhﬁﬁﬂvﬁﬁ'ﬂjwlwm%
Apea¥l o 5 3 B om iy s S gl b 15 € 5958 4 s T M) e A T 10 B0 8 g it e
;i T A AT T ] -3 s 4—\.

%1 CamScanner


https://v3.camscanner.com/user/download

