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ARTICLE INFO ABSTRACT

Introduction: Human Herpes Virus-3 (Varicella Zoster Virus) causes Chickenpox in childhood and reactivates
after decades of being latent to cause Herpes Zoster in adults. The aim of this study was to evaluate the in vitro
antiviral potency on the leaves of Punica granatum L., Momordica charantia L., Andrographis paniculata Nees. and
Melia azedarach L., against the Human Herpes Virus-3 isolated from Chickenpox and Zoster in comparison with
acyclovir.

Methods: Aqueous, ethanolic and aqueous ethanolic extracts were prepared from the chosen plant leaves by
lyophilization process and subjected to in vitro cytotoxicity assay in HEp-2 cells followed by the in vitro antiviral
evaluation against the clinical isolates of HHV-3 using post incubation assay. The structure of leaf chemicals
were retrieved from protein data bank and in silico drug analysis was carried out through discovery studio
targeting the protease of HHV-3.The drug likeliness and the ADMETSAR properties of the screened active
phytochemicals were calculated.

Results: Aqueous extract from the leaves of Punica granatum L., exhibited potential antiviral activity against the
HHV-3. The in silico docking results found that the phytochemicals of Punica granatum L., interacted on the
active site of the HHV-3 protease.

Conclusion: Aqueous extract from the leaves of Punica granatum L. was superior in exhibiting its antiviral efficacy
to HHV-3 whose in vitro activity was comparable with acyclovir. As the leaf phytochemicals interacted with the
HHV-3 protease, the antiviral activity of the Punica granatum L., leaves may interfere with the capsid assembly of
the HHV-3.
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1. Introduction

Human Herpesvirus-3 (HHV-3 or VZV-Varicella Zoster Virus), an
enveloped double stranded DNA virus of the family alpha herpes
viruses is ubiquitous, highly contagious and causing one of the most
common aerosolized viral infection called Chickenpox or Varicella in
children. HHV-3 undergoes latency in the dorsal root of the sensory
ganglions and reactivates after several decades owing to the decline in
cell immunity or stress to cause Herpes Zoster or Shingles pre-
dominantly in adults. However Herpes Zoster has become a viral in-
fection of all age groups [1,2]. HHV-3 also causes several other disease
conditions such as varicella pneumonitis [3], meningitis [4], en-
cephalitis [5], post herpetic neuraligia (PHN), herpes zoster ophthal-
micus and Ramsay Hunt Syndrome [6]. HHV-3 recurrence and its

severity is mainly responsible for the morbidity and hospitalizations in
HIV children [7,8] and can also cause death in HIV adults due to in-
travascular disseminated coagulation [9].

Nucleoside analogues such as acyclovir and its derivatives are being
used widely in HHV-3 infections. These drugs require viral encoded
thymidine kinase (TK) and cellular kinase for its phosphorylation and
inactivate the viral DNA polymerase by competing with guanosine
nucleosides that eventually results in the inhibition of viral DNA re-
plication. However these antivirals are associated with side effects such
as headache, vomiting, neurotoxic psychological effects [10], renal
dysfunction [11] and nephropathy [12]. Also there is a possibility of
eliminating unabsorbed drug in the urine due to inadequate oral
bioavailability.

Furthermore, the antiviral drug resistance to these nucleoside
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analogues is periodically reported in HIV patients and organ trans-
planted recipients worldwide. In such cases the constant treatment with
these antiviral drugs develops acyclovir resistant HHV-3 and conse-
quently results in chronic, slow healing hyperkeratotic lesions despite
high dosage acyclovir therapy [13-15]. The pyrophosphate inhibitor
Foscarnet (Phosphano Formic Acid (PFA)) is recommended in the case
of acyclovir resistant HHV-3 infections. However resistance to foscarnet
is also reported in the literature [16,17,18].

Besides all these issues, the FDA has approved two live attenuated
individual vaccines for HHV-3 associated infections namely the varivax
for Chickenpox and zostavax for Herpes Zoster. These vaccines have
reduced the disease incidence but the generated immunity gives pro-
tection for one year. Additionally, the live attenuated Oka vaccine
strain can cause vaccine associated break through varicella and zoster
infections [19,20].

Therefore, there is a need for a potential antiviral drug with equal
efficacy or amplified potential than the existing antiviral drug acy-
clovir. Phytochemistry remains the main source of potential anti-
microbials for various infections and its usage has been in practice since
the antique civilization. Globally extensive research is ongoing on the
development of antimicrobials from phytokingdom. Various medicinal
plants and their phytochemical constituents have been suggested as
potential antiviral candidates for Human Herpes Virus-3 [21-28].
However the anti HHV-3 potency in the leaves of Andrographis pani-
culata Nees, Melia azedarach, Momordica charantia L., and Punica gran-
atum L., is yet to be investigated. Hence, this study was aimed to explore
the antiviral potency of these plant leaves on the clinical isolates of
HHV-3.

2. Materials and methods
2.1. Cells & viruses

Human epithelial diploid cells (HEp -2) were procured from
National Centre for Cell Sciences (NCCS), Pune and were successfully
propagated in MEM supplemented with FBS, antibiotics (penicillin 100
IU/ml and streptomycin 100 pg/ml) under 5% CO, atmosphere at 37 °C.
The HHV-3 clinical isolates from Chickenpox and Herpes Zoster lesions
were isolated in HEp-2 cells at 33 °C with prior informed consent. The
HHV-3 isolates were confirmed by conventional PCR technique tar-
geting the ORF 62 gene. Briefly the viral DNA was isolated and PCR
reaction was carried out with the following primer 5- GACTTCAACC
AGAACCCAGAA-3’ and 3’ ATTACAGGCGAGCCCATTAG-5. The PCR
steps were as follows: initial denaturation for 15 min at 95 °C, followed
by 45 cycles of denaturation for 20 s at 95 °C, annealing for 20 s at 56 °C
and extension for 20 s at 72 °C. The amplified ORF 62 gene product of
HHV-3 isolates were separated in 2% agarose gel and visualized using
Bio-Rad Gel documentation system.The tissue culture infectious dose
fifty (TCIDso) was estimated by Reed and Muench method [29]. The
viral stocks were stored at —80 °C until further use.

2.2. Collection & processing of plant leaves

The leaves of chosen plants were collected from their habitat and
were identified and authenticated in the Department of Plant Biology &
Plant Biotechnology at Presidency College, Chennai. The voucher spe-
cimen of the respective plant parts were also deposited
(#2564, #2565,#2566,#2567). The collected leaves were initially wa-
shed in sterile double distilled water and shade dried. The dried leaves
were finely grounded in a mixer and sieved to obtain fine powder.

2.3. Preparation of lyophilized extracts
The lyophilized form of aqueous, ethanol and aqueous ethanol ex-

tracts from the powdered leaves were prepared by adopting the pro-
cedure described by Kothandan S. & Swaminathan R 2014 [30]. Briefly
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20 g of each plant leaf powder was soaked in 100 ml of sterile double
distilled water (aqueous 100%) and kept for overnight at 4 °C. The same
procedure was adopted for ethanolic (100%) and aqueous ethanolic
extracts in which the ethanol and water were added in the ratio of 1: 1
(V/V). The aqueous, ethanolic and aqueous ethanolic extracts were
squeezed and filtered separately using a gauze cloth. The crude extract
was then centrifuged at the speed of 3000 RPM and the clarified su-
pernatant was filtered using a membrane filter apparatus with 0.22 pm
Millipore filter. The filtered extracts were loaded into sterile flasks and
then lyophilized. The physical properties of the lyophilized extracts
were recorded and extracts were stored at 4 °C till further usage.

2.4. In Vitro cytotoxicity assay

The In Vitro cytotoxicity of the lyophilized extracts in comparison
with the standard drug acyclovir was done by adopting the procedure
followed by Julia Serkeidjiva’ and Stefka Ivancheva [31].

In brief, a 96 well microtitre plate was seeded according to the re-
quired number of wells to perform the In vitro cytotoxicity assay. Each
well received 100 pl of HEp-2 cell suspension and was then replenished
with 100 pl of 10% growth medium. The plate was then allowed to
reach overnight confluence at 37 °C under 5% CO, humidified atmo-
sphere. The stock solution of the extracts and the standard drug acy-
clovir (SIGMA Aldrich CAS No: 59277-89-3, =99% by HPLC) were
prepared and each of the extract was serially diluted through double
dilution technique. Hence the drug concentrations 500 pug, 250 g,
125ug, 62.5ug, 31.25ug, 15.625ug, 7.8ug and 3.9 ug/ml were
achieved. The growth medium from the confluent titre plate was
emptied and 100 pl of the respective drug dilutions were added into the
corresponding wells. Then 100l of 2% maintenance medium was
added and incubated at 37 °C under 5% CO, atmosphere for 120 h. The
experiment was done in triplicate. The treated HEp-2 cells were ob-
served for every 24h to record the in vitro cytotoxic effects such as
unusual morphological variations or changes in cellular shape and size
if any. The maximum drug concentration at which there was no abso-
lute in vitro cellular toxicity was considered as maximum non toxic
concentration (MNTC) of the lyophilized extracts and the standard drug
acyclovir.

2.5. In vitro antiviral assay

The in vitro antiviral assay of the lyophilized extracts against HHV-3
was performed by adopting the procedure suggested by Ludmila
Yarmolinsky et al. [24].

The antiviral assay was performed individually for the clinical iso-
lates of HHV-3 isolated from Chickenpox and Herpes Zoster through
post incubation assay in triplicates. Initially, a 96 well titer plate was
seeded according to the above said procedure and incubated at 37 °C
under 5% CO, atmosphere in order to attain the confluence growth. The
monolayered wells were infected with 100 pl of diluted viral inoculum
with the exclusion of cell control wells in which 100 pul of 2% main-
tenance medium was added. The virus control well was also set up as
positive control. The monolayer in wells was allowed for viral adsorp-
tion an hour at 33°C in 5% CO, humidified atmosphere. After ad-
sorption, the unadsorbed viral particles were removed and 100 pl of the
respective maximum nontoxic concentration of the serially diluted
lyophilized extracts and acyclovir were added into the corresponding
wells. The entire set up was incubated at 33 °C under 5% CO, atmo-
sphere in a humidified condition for 120 h (5 days). The plates were
observed under an inverted phase contrast microscope for every 24 h
from the first day of the antiviral evaluation till the end of the experi-
ment to check for the presence or absence of virus induced CPE and the
results were recorded with appropriate interpretation. The least drug
concentration at which there was no observable viral induced CPE
comparatively with cell control was estimated as the Minimum
Inhibitory Concentration (MIC) of the respective extracts and acyclovir.
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The supernatant from the MIC well was collected and checked for
the presence of virus infectivity by infecting the fresh HEp-2 monolayer
in comparison with cell control and virus control.

2.6. In silico docking study

The protein structure of protease was retrieved from PDB (ID: 1VZV)
and docking was carried out by adopting the procedure described by
Erickson et al. [32]. The active site of the VZV protease, in specific the
catalytic residues Ser(132)-His(63)-His(157) situated in the A chain
(region of the core B-barrel) were selected. The active site was predicted
using Discovery Studio version 4.0 and the binding site was defined by
current selection method that creates a sphere around the centroid of
selected binding site points with the radius adjusted by increasing the
sphere radius by 1 A,

The bound ligand and crystallographic water molecules were re-
moved and loop refinement was carried out to screen the violations and
determination of disallowed aminoacids in the protein.

Ligand molecules were prepared and energy was minimized using
CHARMm force field in Discovery Studio. Molecular docking was per-
formed by flexible docking analysis. The flexible docking algorithm in
Discovery studio allows for receptor flexibility during docking of flex-
ible ligands. Receptor side chain conformations were created using
Chiflex algorithm. Low energy ligand conformations were selected and
docked into the active site of each receptor side chain conformations
using Libdock. The obtained poses are clustered and refined.
Furthermore the refined docking poses were subjected for the cDocker
energy, binding energy estimation followed by interaction analysis.

2.7. ADMET analysis

The ADMET analysis was carried out based on the ADMETSAR
software used by Feixiong Cheng et al. [33]. The ADMET properties
such as the blood brain barrier (BBB), human intestinal absorption
(HIA) and CaCo, permeability, mutagenecity and carcinogenecity of the
phytochemical compounds were checked through ADMETSAR tool at
http://Immd.ecust.edu.cn/admetsar2. The smile format of the com-
pounds was uploaded and the parameters were selected for the ADMET
prediction.

Drug likeliness properties were also studied for the compounds
using the Lipinski’s rule of five which is based on the pharmacokinetic
filters such as low molecular weight of five hundred or less, an octanol
water partition coefficient log p value of less than five, five or lesser
hydrogen bond donor sites, and ten or lesser hydrogen bond acceptor
sites (N and O atoms).

3. Results
3.1. In vitro isolation of HHV-3

The inoculated flasks produced HHV-3 CPE consisting of alteration
in the cellular morphology, followed by degeneration and disintegra-
tion of cells proceeded by dislodging of rounded cells from the flask at
the end of 120 h. The CPE produced by the clinical isolates of HHV-3
after 120 h in comparison with control cells was shown in Fig. 1a, b & c.

The ORF 62 gene amplified through Polymerase Chain Reaction has
produced a PCR product size of "100 bp. The agarose gel image con-
taining ORF 62 gene was shown in Fig. 2.

3.2. Physical properties of the extracts

The physical properties of the extracts such as texture, appearance,
color, solubility, pH were recorded. The details of the respective ex-
tracts were given in Table 1.
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3.3. In vitro cytotoxicity assay

The MNTC of the aqueous and aqueous ethanolic extracts prepared
from the leaves of Punica granatum L., and Momordica charantia L., was
250 pg/ml whereas 125 pg/ml was estimated as MNTC for the ethanolic
extracts. The MNTC of the aqueous extract from the leaves of
Andrographis paniculata Nees. was 62.5 ug/ml whereas the MNTC of the
ethanolic and aqueous ethanolic extracts was 31.25 pg/ml and 62.5 pg/
ml. The aqueous and aqueous ethanolic extracts from the leaves of
Melia azedarach L., exhibited MNTC at 62.5pg/ml and the ethanolic
extract was non toxic at from125 pg/ml. The standard drug acyclovir
was non toxic at from 500 pg/ml. The MNTC of the extracts were ta-
bulated in Table 2.

3.4. In vitro antiviral assay

The antiviral assay was evaluated individually against the HHV-3
clinical isolates from Chickenpox and Herpes Zoster. The Maximum
Non Toxic Concentration (MNTC) of the extracts and acyclovir were
considered as the initial drug concentration for the antiviral assay.

Among leaf extracts of four plants evaluated, the aqueous extract of
Punica granatum L., exhibited a predominant antiviral activity to the
clinical isolates of HHV-3 from Chickenpox and Herpes Zoster at its MIC
15.625 pg/ml and 31.25pg/ml respectively. The ethanolic extract of
Punica granatum L., inhibited both the HHV-3 isolates at 62.5pug/ml
while its aqueous ethanolic extract inhibited the HHV-3 isolates at
125 pg/ml.

The extracts of Momordica charantia L., was effective to HHV-3
isolates at 250 pg/ml in aqueous, 125 pg/ml in ethanolic and was not
effective in aqueous ethanolic extracts.

The aqueous extract of Andrographis paniculata did not show any
significant antiviral activity however the ethanolic extract of this plant
inhibited the HHV-3 isolates at its MNTC (i.e.) 31.25ug/ml and the
aqueous ethanolic extract at 62.5 pig/ml.

The ethanolic extract of Melia azedarach exhibited antiviral activity
at 62.5 ug/ml to the HHV-3 isolated from Chickenpox alone whereas its
aqueous and aqueous ethanolic extracts failed to show anti HHV-3 ac-
tivity.

The standard drug acyclovir inhibited the HHV-3 isolates at
15.625 pg/ml and 31.25 pg/ml.

The detailed anti HHV-3 profile of all the plants leaf extracts studied
and acyclovir were tabulated in Table 2. The MIC data was represented
in mean * standard deviation (SD) values and the corresponding fig-
ures were illustrated in Figs. 3 and 4.

3.5. Estimation of virucidal activity

With the observed antiviral results, the supernatant collected from
the MIC well of the aqueous extract of Punica granatum L., and acyclovir
were checked for the presence of virus infectivity in HEp 2 cells along
with the control set up. Acyclovir treated cells exhibited maximum viral
inhibition whereas the infected HEp-2 cells treated with aqueous leaf
extract of Punica granatum L., have shown considerable viral inhibition
at the end of the incubation period.

3.6. In silico docking study

3.6.1. Interaction profile of Punica granatum leaf compounds with 1 VZV

Nine phytochemical leaf compounds of Punica granatum L., were
retrieved from PDB and docked with the target protein HHV-3 protease
(1VZV). Though all the chosen leaf compounds interacted with the
target protein, three compounds were scrutinized based on their in-
teraction energy or the binding energy namely apigenin with the
highest energy value of —318.299 kcal/mol, followed by isoquercetin
with the binding energy value of —220.007 kcal/mol and luteolin with
the binding energy value of - 219.607 kcal/mol. The interaction
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a) Monolayer of HEp-2 cell control

b) CPE of HHV-3 isolated from
Chickenpox

¢) CPE of HHV-3 isolated from Zoster

Fig. 1. Cytopathic effect (CPE) of HHV-3 isolated from Chickenpox & Zoster in HEp-2 cell line in comparison with cell control after 120 h (Magnification:40 x ).

Fig. 2. GEL IMAGE OF ORF 62 GENE OF HHV-3 ISOLATED FROM CHICKEN-
POX & ZOSTER AMPLIFIED BY PCR.

2% Agarose gel electrophoresis image with the amplified HHV-3 ORF 62 gene
of size "100 bp isolated from Chickenpox and Herpes Zoster. a) Positive Control;
b) amplified ORF 62 gene of HHV-3 isolated from Chickenpox; ¢) amplified ORF
62 gene of HHV-3 isolated from Zoster and d) 100 base pair ladder.

binding energy of other compounds ranged from —174 to —112kcal/
mol. The details of the top six lead phytochemicals were presented in
Table 3. The interaction profile and the binding energy of the lead
phytochemicals using lib dock score were given in Table 4.

3.6.2. Interaction profile of compound Apigenin with 1VZV

The compound Apigenin exhibited an interaction binding energy
value of —318.299 kcal/mol and showed a libDock score of 40.046. It
was observed that the compound successfully formed 5 hydrogen bond
interactions and it was interesting to note that all the hydrogen bond
was exhibited by the oxygen group of Apigenin moiety except for one
hydrogen was formed with hydroxyl group with the active site ami-
noacids GLY146, LEU212, ARG148 and ARG147.The bond length was
also significantly high ranged from 1.94 to 3.05 A (Fig. 5a). Since all the
hydrogen bonds were found to be significant and few pi pi interactions
were also observed.

3.6.3. Interaction profile of compound isoquercetin with 1VZV

The compound isoquercetin exhibited the binding energy value of
-220.007 kcal/mol with libDock score of 44.65. Despite of low binding
energy, it was surprising to note that the compound formed 15 hy-
drogen bond interactions with the amino acids LEU 121, ASN 30 and
GLU 28 forming hydroxyl moiety with the active site and SER123, ARG
148, ARG 147, forming oxygen interaction moiety. One pi pi interaction
was also observed with the ARG 147 of the protein. The bond length
was found to be 1.89-2.83 A (Fig. 5b).

3.6.4. Interaction profile of compound luteolin with 1VZV
The compound luteolin exhibited the binding energy value of
-219.607 kcal/mol with a libDock score of —37.759. Similar to the
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Table 1

Physical properties of the extract.
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Name of the plant Extract type Appearance Solubility pH Total yield
Punica granatum L. Aqueous Chocolate brown coarse crystals Water 7.0 3.2g
Ethanol Greenish brown coarse crystals Ethanol 7.5 24g
Aqueous Ethanol Pale brown coarse powder Water 7.0 278
Momordica charantia L. Aqueous Dark brown coarse powder Water 7.0 43¢g
Ethanol Dark green and pasty Ethanol 7.0 31g
Aqueous Ethanol Dark brown coarse crystals Water 6.5 4g
Andrographis paniculata Nees. Aqueous Dark green glassy crystals Water 7.0 106 g
Ethanol Dark green coarse powder DMSO 7.5 8.7g
Aqueous Ethanol Chocolate brown coarse powder DMSO 7.5 9.3¢g
Melia Aqueous Dark brown coarse crystals Water 7.0 39¢g
azederach L. Ethanol Dark green & pasty Ethanol 6.5 28¢g
Aqueous Ethanol Dark brown and pasty DMSO 6.5 2.5g
Table 2
Inhibitory activity of the chosen extracts and acyclovir against the HHV-3 isolated from Chickenpox and Zoster.
Plant Type of extract ~ MNTC of the extracts (ug/ HHV-3 ISOLATED FROM HHV-3 ISOLATED FROM SELECTIVITY INDEX
ml) CHICKENPOX ZOSTER
MIC(pg/ml) MIC(pg/ml)
Punica granatum L., Aqueous 250 + 65.3 15.625 + 7.3 31.25 + 7.3 16 8
Ethanol 125 = 16.7 62.5 = 14.65 62.5 = 14.62 2
Aqueous 250 + 52.7 125 + 58.6 125 + 58.5 2 2
Ethanol
Momordica charantia L., Aqueous 250 + 63.2 250 + 58.6 250 *+ 58.6 1 1
Ethanol 125 + 8.6 62.5 = 14.6 62.5 = 14.6 2 2
Aqueous 250 + 54.3 - - - -
Ethanol
Andrographis paniculata Aqueous 62.5 = 14.2 - - - -
Nees. Ethanol 31.25 + 20.5 31.25 £ 7.1 31.25 +£ 6.9 1 1
Aqueous 62.5 = 11.2 62.5 = 14.6 62.5 = 14.6 1 1
Ethanol
Melia azedarach L., Aqueous 62.5 + 13.8 - - - -
Ethanol 125 + 12.8 62.5 = 14.6 - 2 -
Aqueous 625 = 7.3 - - - -
Ethanol
Acyclovir 500 + 58.5 15.625 = 7.3 31.25 £ 7.3 32 16

NOTE: MNTC of the extracts and MIC values expressed in mean + SD.

isoquercetin low binding energy was exhibited by the compound lu-
teolin and had formed 3 hydrogen bond interactions with the ami-
noacids. ARG 148 involved in the formation of hydroxyl moiety with
the compound luteolin and ARG 147 and LYS 124 formed oxygen based
moiety. In this compound, two pi pi interaction were observed with
ARG 148 and LYS 124. The bond length of hydrogen bond interaction
ranged between 2.37 and 2.58 A (Fig. 5¢).

3.6.5. Interaction profile of compound Granatin A with 1VZV

The compound granatin A exhibited the binding energy value of
—174.581 kcal/mol with a libDock score of —60.937 and formed 6
hydrogen bond interactions. The aminoacids SER 120 and SER 123
were involved in the formation of carbon and nitrogen based hydroxyl
moiety with the compound granatin A whereas the aminoacids HIS 52
and SER 123 contributed the formation of oxygen based moiety. There
was no trace of pi pi interaction with the active site amino acids. The
bond length of hydrogen bond interaction ranged between 1.81and
2.7 A (Fig. 5d).

3.6.6. Interaction profile of compound Strictinin with 1VZV

The compound Strictinin exhibited the binding energy value of
-113.517 kcal/mol with a libDock score of —36.28 and exhibited 9
hydrogen bond interactions with the active site aminoacids. SER 122,
VAL 145, LEU 29, ARG 147 was involved in the formation of carbon
and nitrogen based hydroxyl moiety with the Strictinin and SER 123,
VAL 145, ASN 209, ASP51 exhibited oxygen based moiety. The com-
pound did not exhibit any pi pi interaction and the bond length ranged
between 1.81and 2.84 A (Fig. 5e).
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3.6.7. Interaction profile of compound Corilagin with 1VZV

The compound Corilagin exhibited the binding energy value of
—112.24 kcal/mol with a libDock score of —48.215 and exhibited 8
hydrogen bond interactions with the active site aminoacids. SER 122,
SER 123, ARG 148 and ARG 125 were involved in the formation of
carbon and nitrogen based hydroxyl moiety with the Corilagin and SER
123 and ASN 30 exhibited oxygen based moiety. The compound did not
exhibit any pi pi interaction and the hydrogen bonding was observed
with the bond length range between 1.81 and 2.74 A (Fig. 50).

3.7. ADMETSAR profile

The ADMETSAR profile of the screened phytochemical compounds
had shown that the compounds luteolin and isoquercetin satisfied for
all except for the blood brain barrier and CaCO, permeability while the
compound apigenin was found to satisfy all parameters. These three
compounds were found to be non AMES toxic and non carcinogen as
well. The details are given in Table 5.

4. Discussion

Globally the need for the potential and novel antiviral agents is
increasing as the diverse viral infections are posing a great threat to the
human population. Despite the fact of associated adverse effects with
the antiviral drugs, the researchers are thriving to seek out the potential
alternate source of antiviral agents. Medicinal plants have been in use
for controlling various microbial infections since from the prehistoric
times. The promising research findings on various higher and lower
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Fig. 3. In vitro antiviral activity of plant extracts to the HHV-3 isolated from Chickenpox (Magnification: 40 X ).

In vitro anti HHV-3 results (Chickenpox HHV-3) showing MIC for the lyophilized extracts from the leaves of chosen plants: a) Aqueous extract of Punica granatum L., at
15.625 pg/ml; b) Ethanolic extract of Punica granatum L., at 62.5 ug/ml; ¢) Aqueous ethanolic extract of Punica granatum L., at 125 ug/ml; d) Aqueous extract of
Momordica charantia L., at 250 pg/ml; e) Ethanolic extract of Momordica charantia L., at 62.5 pg/ml; f) Ethanolic extract of Andrographis paniculata Nees. at 62.5 pg/
ml; & g) Aqueous ethanolic extract of Andrographis paniculata Nees. at 62.5 pg/ml; h) ethanolic extract of Melia azedarach at 62.5 pg/ml & i) acyclovir at 15.625 pg/ml

plants emphasize the view that the phytokingdom is an important
natural source of incredible antimicrobials.

This study highlights the anti HHV-3 potency in the leaves of chosen
plants namely the Punica granatum L., Momordica charantia L.,
Andrographis paniculata Nees and Melia azedarach L, Previously the
antiviral activity residing in several higher plants namely the Pongamia
pinnata [22], Ficus benjamina, Lilium candilum [23] and Passiflora edulis
[24] were extensively studied for other members of alpha herpes
viruses. However the antiviral studies on Human Herpes Virus-3 were
limited with special reference to plants and also the antiviral efficacy
residing in the chosen plant leaves was annulled in the literature. Hence
with this idealistic approach, the in vitro antiviral screening of the
above said four plant leaves were performed individually against the
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clinical isolates of HHV-3 from Chickenpox and Herpes Zoster. Also it is
noteworthy to mention that this present work is the first study to report
on the anti HHV-3 property of the above said four plants.

While the authors O’Neil et al. 1996 [34], Ozaki, T.K., et al., 1996
[35] have propagated HHV-3 in Human embryonic cells (MRC-5) at
37 °C, we have isolated HHV-3 from the vesicular fluid lesions of the
Chickenpox and Herpes Zoster patients at 33 °C in HEp-2 cells, an easily
accessible and hardy cells with an unlimited lifespan. In our study the
CPE of HHV-3 was visible on the 5th day of inoculation and had
reached a higher titre value of MOI of 1. Grose, C and Brunel, P.A. 1978
[36] have isolated the VZV in high titre when incubated at temperature
below 36 °C in Human melanoma malignant cells and in our study,
HHV-3 was successfully isolated at high titre using HEp-2cells at 33 °C.
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Fig. 4. In vitro antiviral activity of plant extracts to the HHV-3 isolated from Herpes Zoster (Magnification: 40 X ).

In vitro anti HHV-3 results (Herpes Zoster HHV-3) showing MIC for the lyophilized extracts from the leaves of chosen plants: a) Aqueous extract of Punica granatum L.,
at 31.25 pg/ml; b) Ethanolic extract of Punica granatum L., at 62.5 ug/ml; ¢) Aqueous ethanolic extract of Punica granatum L., at 125 pg/ml; d) Aqueous extract of
Momordica charantia L., at 250 pg/ml; e) Ethanolic extract of Momordica charantia L., at 62.5 ug/ml; f) Ethanolic extract of Andrographis paniculata Nees. at 62.5 ug/
ml; g) Aqueous ethanolic extract of Andrographis paniculata Nees. at 125 pg/ml; h) Acyclovir at 31.25 pug/ml

Table 3
The best six lead molecules and their important properties.

S. No. Name LibDock Binding Energy Total number of
Score (Kcal/mol) Hydrogen Bond

1 Apigenin 40.046 —318.299 5

2 Isoquercetin ~ 44.655 —220.007 15

3 Luteolin 37.759 —219.607 3

4 Granatin A 60.937 —174.581 6

5 Strictinin 36.28 —113.517 9

6 Corilagin 48.215 —-112.24 8

Various identification techniques have been used for confirming the
HHV-3 isolates namely the monoclonal fluorescent antibody [37] and
direct immunoflourescence techniques [38]. In this study, the HHV-3

104

isolates were confirmed using conventional PCR technique by targeting
ORF 62 gene amplification which supports the results of Vladimir N.
Loparev et al., 2000 [39] in which the VZV isolates were identified by
amplification of ORF 62 gene using PCR technique.

Among the four chosen plant leaves, the lyophilized Punica gran-
atum L., leaf extracts exhibited limited in vitro cytotoxicity to the HEp-2
cells as it was evidenced from their Maximum Non Toxic Concentration
(MNTC). The MNTC of the extracts from Momordica charantia L.,
Andrographis paniculata Nees. and Melia azedarach L., were slightly
higher than the MNTC observed with the Punica granatum L., leaf ex-
tracts. This is the first study to report on the in vitro cytotoxicity of the
aqueous, ethanolic and aqueous ethanolic lyophilized extracts from the
leaves of the chosen plant leaves in HEp-2 cells.

The maximum non toxic concentration (MNTC) of acyclovir is
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Table 4
Interaction profile and binding energy of lead molecules using libDock algo-
rithm.

Compounds Binding energy Hydrogen bond interaction Distance in A
Apigenin -318.299 GLY146 C—H...O 2.58
GLY146 C—H...O 2.83
O—H...O LEU121 2.31
ARG148 C—H...0 3.05
ARG147 N—H...O 1.94
Isoquercetin —220.007 C—H.O LYS 124 2.48
SER 120 O-H.O 2.62
ARG 147 C—H.O 2.8
O—H.O SER123 2.9
O—H.O ASN 30 2.6
O—H.O ASN 30 2.45
O—H.O GLU 28 2.02
C—H.O GLU 28 2.47
LEU 29 C-H.O 2.83
ARG148 N—H...O 2.57
ARG148 N—H...O 2.62
SER123 C—H.O 2.9
SER123 C—H.O 2.69
ARG148 N—H...0 1.89
O—H.O LEU 121 1.96
Luteolin —219.607 LEU 29C—H.O 2.37
ARG 148 N—H...O 2.42
THR 138 O—H.O 2.58
SER 52 N—H.O 2.62
O—H.N HIS 139 2.61
SER 123 N—-H.O 2.65
SER 123 C-H.O 2.7
ARG 148 N—H..0 2.48
HIS 52 N—H.O 2.63
O—H....O SER 123 2.01
GLY 124 C-H.O 2.28
C—H.O -LYS124 2.38
Granatin A —174.581 O—H.O SER 120 2.46
HIS 52 C—H.O 1.81
SER 123 C—-H.O 2.7
O—H....O SER 123 1.9
O—H....O SER 123 2.68
SER 123 C—-H.O 2.55
Strictinin —-113.517 O—H....O SER 123 2.11
SER 122 C-H.O 2.47
O—H.O VAL 145 1.97
VAL 145 N—H.O 1.81
O—H.O ASN 209 2.25
O—H.O ASP 51 2.6
LEU 29 C—-H.O 2.43
ARG 147 N—H.O 2.58
SER 122 C-H.O 2.84
Corilagin -112.24 O—H.O ASN 30 2.34
ARG 148 N—H.O 1.81
SER 123 C-H.O 2.44
O—H....O SER 123 1.99
SER 123 C—-H.O 2.31
SER 122 N—-H.O 2.74
SER 122 C-H.O 2.5
ARG 125 N—-H.O 2.56

500 ug/ml and is higher than the in vitro non toxic concentration of
acyclovir reported by Rania I Shebl et al.2012 which was 250 pg/ml.
Hence it is obvious with our in vitro cytotoxicity assay result that acy-
clovir do not possess any in vitro cytotoxicity at higher drug con-
centration.

In this present work, the antiviral activity was evaluated in-
dividually against the clinical isolates of HHV-3. Andrographis panicu-
lata Nees. exhibited anti HHV-3 activity only in its ethanolic extract at
31.25 pg/ml. However the MIC observed with respect to this plant leaf
ethanolic extract was higher than the antiviral concentration achieved
with the ethanolic extract of Andrographis paniculata by Lin et al., re-
ported for Epstein Barr Virus at 25 pg/ml [40]. Among the four chosen
plants, this plant had exhibited potential in vitro cytotoxicity to the
HEp-2 cells. Hence the safety aspects raise its question of taking up for
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further antiviral studies.

The studies on the antiviral evaluation of Melia azedarach L., reports
of its promising antiviral activity however the ethanolic extract alone
was effective towards the HHV-3 isolate at 62.5 pg/ml in our study. The
extracts of Momordica charantia L., also had shown considerable activity
at 250 pg/ml in aqueous and 125 pug/ml in ethanolic extracts. This MIC
was much lesser than the antiviral drug concentration of an anti in-
fluenza protein (1.402 mg/ml) reported from the seeds of Momordica
charantia L., by Pongthanapisith et al., 2013 [41].

To our surprise, we found that the lyophilized aqueous extract from
the dried leaves of Punica granatum L., exhibited an appreciable and a
dominant antiviral activity to both the clinical isolates of HHV-3. This
plant leaf aqueous extract was highly effective in preventing the HHV-3
induced cytopathic effect in HEp-2 cells than either the ethanolic or
aqueous ethanolic extracts. The aqueous extract inhibited the HHV-3
isolates at its MIC 15.625 pug/ml (HHV-3 isolated from Chickenpox) and
at 31.25ug/ml (HHV-3 isolated from Zoster) respectively whose in-
hibitory activity was much superior to the anti- HHV-3 activity of the
licorice powder extract containing 125 pg of glycyrrhizin observed by
Shebl. 2012 [25].

In previous study Mohamad-Tahgi Moradi et al 2015 [42] had
evaluated the anti HHV-1 activity of crude ethanolic extract from the
fruit rind of Punica granatum L., and found that HHV-1 was inhibited in
the adsorption stage with an IC50 value of 37.7 = 6/7 ug/ml in vero
cells. Though this study supports the antiviral potency of Punica gran-
atum L., our finding is new that has revealed the antiviral activity of the
leaves of Punica granatum L., to the HHV-3 isolates. Also it is note-
worthy to mention that the leaf extracts possibly would have caused an
interruption in the replication of VZV as the antiviral assay was done
and evaluated post infection till the final day of observation. However
the research finding by Ludmila Yarmolinsky et al 2010 [24] found that
the aqueous extract of Cassiflora fragrans have caused only partial in-
hibition of HHV-3 post infection in vero cells.

Additionally, the aqueous leaf extract of Punica granatum L., had
shown a comparable antiviral inhibition with the standard acyclovir
whose MIC was 15.625 pg/ml and 31.25 ug/ml for the HHV-3 isolates
and hence these antiviral drug concentration were checked for the
presence of any endogenous viruses. Through this technique, it was
found that the aqueous extract of Punica plant had considerably in-
hibited the viral infectivity of HHV-3 clinical isolates from Chickenpox
and Herpes Zoster lesions as there was not any significant virus induced
CPE in the infected cells as like that of acyclovir. This is an important
research finding in our antiviral study which says that the aqueous
extract from the leaves of Punica granatum L., would have possibly in-
teracted with the viruses and interfered in the viral life cycle. Also, the
selectivity index of the aqueous extract of Punica granatum L., was
higher than the selectivity index of the extracts prepared from other
chosen plants. This data supports the suitability of the leaves of Punica
as an antiviral drug as the selectivity index suggests that it may not
have any interaction with the host cells while exhibiting the antiviral
activity.

Besides these the ethanol and the aqueous ethanol extracts of Punica
granatum L., also inhibited the HHV-3 isolates at higher drug con-
centrations. Also the Punica plant did not exhibited much in vitro cy-
totoxicity at from higher drug concentrations seen for other chosen
plants. Hence with these observations, we emphasize the fact that the
antiviral medicinal properties to HHV-3 are found in the leaves of
Punica granatum L., plant.

Furthermore, we attempted to screen the active phytochemicals
which were present in the leaves of Punica granatum L., through in silico
study. Molecular docking is a method which predicts the preferred or-
ientation of one molecule to that of the other when bound to each other
in forming a stable complex and it plays an important role in rational
drug design [43,44].

This inspired us to perform a docking study for the phytocompounds
from the leaves of Punica granatum L., with the target protein, HHV-3
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Fig. 5. The interaction profile of the lead molecules with the active site residues of HHV-3 protease.

Docked confirmation of the phytochemicals with the HHV-3 protease. a) Apigenin; b) isoquercetin; ¢) Luteolin; d) Granatin A; e) Strictinin & f) Corilagin. The green
colour indicates the amino acids involved in the hydrogen bond formation, orange colour show the amino acids that forms pi pi interaction, thick wireframe structure
depicts the ligand.

protease, a major protein involved in the capsid assembly and DNA Kcal/mol forming hydrogen bond with GLY146, LEU212, ARG148 and
packaging of HHV-3 during the late event of viral multiplication. ARG147 and the bond length falls between 1.9 to 3.4 A followed by
Docking results showed that Apigenin had the highest binding affinity isoquercetin with a binding energy value of -220.007 Kcal/mol forming
against the protease of HHV-3 with a binding energy value of -318.299 hydrogen bond with LYS 124, SER 120, ARG 147, SER123, ASN 30,
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Table 5
ADMETSAR RESULTS FOR THE PHYTOCHEMICALS.
ANALYSIS APIGENIN ISOQUERCETIN LUTEOLIN
Blood Brain Barrier BBB + BBB- BBB-
Human Intestinal HIA+ HIA + HIA +
Absorption
CaCO, permeability CaCO, + CaCO, - CaCO, -
TOXICITY
AMES toxicity Non AMES Non AMES toxic Non AMES
toxic toxic
Carcinogenicity Non- Non-carcinogen  Non-
carcinogen carcinogen

GLU 28, LEU 29, ARG148, SER123, LEU 121 and exhibited a bond
length between 1.8 and 2.8 A and luteolin showed a binding energy
value of -219.607 Kcal/mol forming hydrogen bond with HHV-3 pro-
tease which was more effective than the previous study reported by
Angamuthu et al. [45] who reported that Erysenegalensein E had the
highest binding affinity value of —114.4 using iGEMDOCK and it
formed hydrogen bond with ILE 63, ILE 64 with the HHV-3 protease.
Hence all the above said active phytocompounds of Punica granatum L.,
interacted with the catalytic site of the HHV-3 protease and were
thought to be involved in the inhibition of the capsid assembly of HHV-
3. Though the phytocompounds granatin A, Strictinin and Corilagin had
exhibited binding affinity against the protease of HHV-3, their binding
energy was comparatively lower when compared to the screened phy-
tocompounds. Hence Apigenin, isoquercetin and luteolin were taken up
for further studies.

The Lipinski's rules (RO5) states that drug molecules should exhibit
good absorption or permeation when they have an octanol-water par-
tition coefficient (milLog P) < 5.Thus, the drug likeliness property
analysis revealed that the screened compounds has a lower log P value
which corresponds to better bioavailability of the drugs. The ADMET-
SAR results found that the phytochemicals apigenin, isoquercetin and
luteolin were found to be non AMES toxic and non carcinogen as well.

Hence with the results observed, this study illustrates the anti HHV-
3 potency of the leaves of Punica granatum L., a plant which is com-
monly seen in the native regions of Indian subcontinent. This study has
to be further explored for the isolation of active phytochemicals and
evaluating its in vitro anti-viral efficacy against the drug resistant HHV-
3 strains which may lay a concrete towards the goal of achieving a
potent antiviral drug against the HHV-3 infections. Pongracic. 2002
[46] had performed the docking study targeting the viral enzyme thy-
midine kinase and reported that series of novel 9-(2hydroxypropyl)
purine derivatives believed to have better interaction energy when
compared to other compounds.

Similarly Shakya et al. 2015 [47] had performed a docking study
targeting the ORF 61 of HHV-3 and predicted that the molecule
4AYC_CPQ_A_1489 had a binding energy of value — 12.5 using Auto
Dock. From all these studies it can be concluded that though there are
various protein targets for HHV-3, our study is a new one with an ob-
jective of suggesting the leaves of Punica granatum L., as an effective
antiviral against the clinical isolates of HHV-3 and the screened phy-
tochemicals targeting the HHV-3 protease. Though we have highlighted
the antiviral potency in the leaves of Punica granatum L., against the
HHV-3, the mode of action of the active phytochemical was predicted
by a preliminary in silico analysis and was not substantiated further
through in vitro results, which is the limitation of this antiviral study.

5. Conclusion

Through this antiviral research work, we conclude that the leaves of
Punica granatum L., has potential antiviral mechanism against the HHV-
3. Hence the leaves of Punica granatum L., has to be further explored for
the isolation of active antiviral phytochemicals. We also conclude that
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these phytochemicals can further be investigated for the presence of in
vitro antiviral activity against the HHV-3 followed by the in vivo safety
studies and in vivo antiviral studies. Also we found that the leaf phy-
tochemicals of Punica interact with the catalytic site of the HHV-3
protease and hence these phytochemicals could be developed as an
alternate drug target for the treatment of HHV-3 infections.
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