Mintage Journal of Pharmaceutical & Medical Sciences
Vol 9, Issue 4 Oct-Dec, 2020

ISSN: 2320-3315

Research Article

PHOSPHORIMIDATE DERIVATIVE OF ACYCLOVIR; ANTIVIRAL ACTIVITY AGAINST
CANINE PARVOVIRUS IN VITRO
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ABSTRACT
Canine parvovirus is a very transmissible, severe and often deadly infectious disease of dogs caused by Type II canine parvovirus (CPV-2). According to a recent report,
acyclovir has been effective candidate against parvovirus infection, however, a continuous spread of CPV-2 infections is observed, even in shelters where an appropriate
vaccination program is applied, and this is a reason to provide antiviral drug therapy. The aim of the present study was to the development of antiviral drugs with the
determination of the effect of concentration of new chemical entities and analyze Acyclovir analogous against CPV-2 strains. A sensitive in vitro assay capable of measuring
the infectivity of CPV-2 was employed to determine the efficacy of different concentrations of 9-(2-hydroxyethomethyl) guanine phosphoro-mono-morpholidate. We
successfully show that new compound inhibits CPV-2 replication by exhibiting 50% inhibitory concentrations (IC50s) in the low micromolar range (50μM ).
Keywords: Acyclovir analogous, Canine Parvovirus, Antiviral Drug development, Cytotoxicity assay,9-(2-hydroxymethyl)guanine phosphoromonomorpholidate,IC50
INTRODUCTION
Canine Parvovirus (CPV-2) is a very spreadable, severe and
frequently mortal infectious disease that occurs in both domestic
and wild dogs [1].CPV-2, the etiological agent of canine
parvovirosis, goes to the Parvoviridae family and Parvovirinae
subfamily and it is included in Carnivore protoparvovirus 1 species
together with Racconsparvovirus, Feline parvovirus and
Minkenteritis virus [2]. CPV-2 is a small around 25 nm diameter,
non-enveloped virus Composed of three major proteins
surrounding a single-stranded linear DNA genome [3]. Usually,
CPV-2 infects 2–12 weeks mature pups, particularly during the
failure of maternally derived antibodies (MDA) [4]. Commonly,
adults are resistant toCPV-2 infection due to reduced vulnerability
or presence of immunity encouraged either by vaccination or
previous infections [3]. The transmission route is oronasal through
direct or indirect contact with the feces of infected dogs or
contaminated fomites; indirect contact is facilitated by the
environmental resistance of the virus. Diagnosis is conducted by
real-time PCR,and NGS nowadays via detection of the CPV-2
DNA in feces of infected pups. The virus is inactivated 60 seconds
at 100°C while resists up to 7 h at 80 °C and 72 h at56°C, in
addition, CPV-2 resists for 14-21 days at 37°C and sometimes 6
months at room temperature [5]. A recent report shows that CPV2 is resistant to most disinfectants while is sensitive to oxidizing
agents, formalin,hydroxylamine, halogens, β-propiolactone [6].
Along with above compounds Acyclovir is showing effect against
CPV infection in puppies.Acyclovir is guanine analog frequently
used antiviral Chemotherapy of low Cytotoxicity and mainly used
for treatment of herpes simplex virus (HSV) infection (7,8).The
purposes of this study were to record the therapeutically
evaluation of an Acyclovir as a prophylactic Pharmacological
agent for canine parvovirus. The aim of the present study was to
determine the effect acyclovir analogous with different
concentrations and time frame against several CPV-2 strains in
vitro.

Fetal Calf Serum (Sigma Aldrich) and 1% L-Glutamine (Sigma
Aldrich), 1% Penicillin-Streptomycin (Sigma Aldrich). A72 cell line
was incubated at 37°C in humidified atmosphere with 5% CO2.

MATERIAL AND METHODS

Using the MTS One Solution Cell Proliferation Assay, the
metabolic activity of the cells can be used to determine the
cytotoxicity of various substances. MTS [3- (4,5-dimethyldiazol-2yl) -5- (3-carboxymethoxyphenyl) 2- (4-sulfophenyl) -2Htetrazolium] is a chemical substance which is converted by
protonation into a colored cell culture medium Substance
(formazan). Metabolically active cells are responsible for the
metabolism of NADPH or NADH protons, which can be absorbed

Drug and Cells
ACV(9-[(2-Hydroxyethoxy)methyl]guanine) was obtained as a gift
sample from Merck, India. A72 adherent canine tumor cell line
was obtained from American Type Culture Collection (Manassas,
VA, USA). A72 cells were maintained in high glucose Dulbecco’s
Modified Eagle’s Medium (Sigma Aldrich) supplemented by 10%
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Viruses
CPV-2 strains were used in the study: strain 2a 192/98 [11]. The
viruses were spread on A-72 cells to obtain stock viruses for the
subsequent experiments. Each stock virus was titrated on A-72
cells. Briefly, after an incubation period of 48 hrs at 37°C, the
infected cells were fixed with cold acetone and tested using CPV2-specific canine antibodies and rabbit anti-dog IgG conjugated
with fluorescein isothiocyanate (SigmaAldrich). Viral titer,
determined on A-72 cells,was 105.5 tissue culture infectious doses
TCID50/ml for strain2a, 106 TCID50/ml for strain 2b.
PhosphorimidateDarivativeof Acyclovir
Phosphorus oxychloride (1.50 mol/equiv) was added to a
suspension of ACV (1.00 mol/equiv) in triethylphosphate (1 ml)
precooled to 18oC. The mixture was kept at 18oC for 4 h. Then, it
was
treated
with
the
amidating
agent
and
N,Ndiisopropylethylamine (6.00 mol/equiv) in 1% aqueous dioxane (1
ml)). The reaction was maintained at +4oC for 2 h, neutralized by
a saturated NaHCO3 solution (10 ml) pre-cooled to +4oC, and
extracted with ether (10 ml). The aqueous extract was applied
onto a DEAE-Toyopearl column and eluted with a linear gradient
of NH4HCO3. The target fraction was concentrated by evaporation
under vacuum; the residue was diluted with water, re-evaporated
and additionally chromatographed on RP-18 column and eluted
with a linear gradient of acetonitrile in 0.05 M NH4HCO3. The
fraction containing the target product was freeze-dried from water.
It was diluted with sterile distilled water to the final concentration
[5].
Toxicity test/Cell Proliferation assay
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by MTS. The amount of formazan is directly proportional to the
number of living cells in a 96 "well" plate and can be determined
by the absorbance at 490 nm [11].

amount of virus was incubated with ACV without Compound as
control. The residual infectious viruses were quantified by viral
plaque assays [11].

Plaques Reduction assays

Data analysis

The virucidal activity was measured by in vitro incubation of
viruses
with
the
9-(2-hydroxyethomethyl)guanine
phosphoromonomorpholidate (ACV PMMPD) Briefly, 106p.f.u. of
CPV strains were incubated for 30 min at RT or at 37°C with EC50
of 9-(2-hydroxyethomethyl)guanine phosphoromonomorpholidate
(10,20,30….300μm/ml), respectively. Simultaneously, the same

Three independent experiments were performed with each strain
of CPV-2 and one representative set of data was shown for each
strain. The student’s t-test was used to evaluate statistical
differences which were considered significant when P was <0.05.
The EC50 values were calculated using GraphPad Prism software
v. 5.01.

Figure 1: (A) New analogue 9-(2-hydroxyethomethyl)guanine phosphoromonomorpholidate (ACV PMMPD) Synthesized from
Acyclovir ,(B) Cytotoxic Assay, A-72 cells treated with various concentration(0.1,10,30,50,100,200,300 micromolar/ml) and assay
carried out by using MTS solution, Absorbance values of A72 cell line culture after 48 hrs A72 cells (2×104 cells/well) were sown and
cultured at standard conditions (5% CO2, 37°C and humidified atmosphere).

Figure 2: Following treatment after 24 Hrs, Graphical representation of the CPV strain titre on incubation of infected cells with the
corresponding Concentration of ACV PMMPD. As a control, the virus titer was applied from cells treated with ACV. The standard
deviation was reported as an error.
RESULTS
Cytotoxicity assay
To assess the toxic effect of the substance on the cell lines used,
the MTS solution was used. Using this tetrazolium salt, the
metabolic activity could be measured by measuring the absorption
at 490 nm and thus the vitality of the cells was concluded. For this
test, A-72 cells were seeded in a 96 "well" plate with 2×10 4cells in
100μl cell culture medium and the substances to be tested in the
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final concentrations of 30μM, 10μM, 3μM and 1μM in triplets on
the cells. The substances dissolved in DMSO were diluted 1: 100
in the cell culture medium from the stock solutions (300nM,
100nM). The same volume (1μl) of DMSO was used as the
control. The cells were cultured for four days with the substances
in the Incubator at 37°C and 5% CO2. After four days, 20μl of
MTS solution per "well" were added to the cells and the cells were
incubated with the MTS solution for 2 h in the Incubator.
Subsequently, the absorbance at 490 nm was measured.
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Table 1: Comparison of the calculated EC50 and IC50 values
of the tested substances
Compound
Standard/ACV

IC50
9.63±0.01

EC50
7.1±0.6

ACVPMMPD

17.41±0.65

18.86±0.1
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