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ABSTRACT

Drug resistant strains of herpes simplex virus-1YHIS have been recently increased. Thus, new aaltiggents

derived from medicinal plants which are effectigaiast HSV-1 infections are urgently required. ®fere, this
research was aimed to evaluate in vitro anti-HS#efivity of pomegranate (Punica granatum L.) pedtact and

the investigation of antioxidant properties of thgslant materials. In this research, crude ethaeatract of

pomegranate peel was prepared. Anti-HSV-1 activitthe extract was evaluated on Vero cell line giT T (3-

[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoliubromide) assay. The 50% inhibitory concentratio@s¢) and

50% Cytotoxicity Concentration (Gg of the extract were determined using regressionlyaa Its inhibitory
effect on adsorption and/or post-adsorption stagésHSV-1 replication cycle was determined. To deiee

antioxidant activity, total phenol content, andvitmoids content of the extract, the 2, 2-diphenpletylhydrazyl

(DPPH) assay; Folin-Ciocalteu method and aluminuhfodde colorimetric method was used, respectivélye

CGCso and 1G of the extract were 293.5+10/1 and 37.746/7uglrespectively. The selectivity index (SI), the rafio
CGCsp and IC50, was 7.78. This extract inhibited HS\&ftlication in adsorption stage (p<0.05). The;d©f DPPH

radical was 7.7+1.2%ug/ml, compare with butylated hydroxytoluene (BHilijh 1Cso of 25.41+1.8%g/ml. The total
phenol and Flavonoid contents were 282.9 mgGAEM BEB6.6mg/g, respectively. This study revealed that
pomegranate (Punica granatum L.) peel extract atdibanti-HSV activity, probably by inhibiting tta@lsorption

stage, with S| value of 7.7, suggesting its poséntise as anti-HSV agents. Also this extract witghh
phytoconstituents could be a promising source daicn@ally important natural compound.

Keywords. Antioxidant activity, Antiviral activity,Punica granatuni,, pomegranate peel, Herpes simplex virus

INTRODUCTION

Medicinal plants have been used for many yearghertreatment of human diseases [1] and a numbhberddfal
medicines have been developed into therapeuticagemave had promising results [2-5]. Plants ltheeability to
synthesize a wide array of compounds and havebeeg used as remedies, and many are now beingteadlland
examined in an attempt to identify possible soufedrugs [6-8]. Incidence of toxic side effectevdlopment of
resistance, and sensitivity of individuals are salvieeasons for the need to substitute these syotireigs with new
ones [9]. The compounds with natural origin, esglcherbal medicines, have been shown to be felisturce for
new drugs [10-12].
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PomegranateRunica granatuniL.; Family Punicaceae) is a popular edible fruftiet is widely used in traditional
medicine [13-15]. Several lines of evidence hawbcated the therapeutic efficacy of pomegranaténagdifferent

types of disorders [14, 16-18]. Pomegranate hes laéen shown to have antimicrobial, antioxida®{,[And anti-

inflammatory [20] properties and to decrease tlhedblpressure [21]. The pomegranate has consideaaimbents of
biologically active phytochemicals including flawwids (e.g. anthocyanins, catechins, quercetin, ratid), other

types of polyphenols, ellagitannins, and antioxtdeitamins [22, 23]. It has been shown that plahished of

flavones, tannin [24-2@nd alkaloid have antiviral, antibacterial, antiahand antiparasite effects [27].

Infections caused by herpes simplex virus (HSV)mrelic health concern worldwide. These infectioaisge from
inaparent to severe life threatening infectionshsas encephalitis [28]. During the past two decadbe
mechanisms of replication and pathogenesis of HSWid thus the potential antiviral targets in thisis have been
widely understood and leads to development of aaticompounds that target this virus [28]. A categof
nucleoside analogues, Acyclovir (ACV), is widelyedsto treat HSV-1 infections as a drug of choic.[Rlowever,
a major problem associated with use of ACV, isdbeelopment of drug resistant HSV strains, paréidulin AIDS
patients [30]. This kind of drug resistance mayuwcfter long term treatment and is mainly due tdations in the
HSV-1 thymidine kinase and/or DNA polymerase gd3d$. Therefore, antiviral agents from medicinahmts with
new effective compounds exhibiting different modéaction against viral infections are urgently dee.

Iran is endowed with rich and diverse local healdition, which is equally matched with rich anidetse plant
genetic source. A detailed investigation and docuat®n of plants used in local health traditionsd a
ethnopharmacological evaluation to verify theiicf€y and safety can lead to the development @lirable herbal
drugs or isolation of compounds of therapeutic ®alliherefore, this research was aimed to evalmatério anti-
HSV-1 activity of Pomegranat®(nica granatuni.) peel extract and the investigation of anti@aitproperties of
this plant material.

EXPERIMENTAL SECTION

Preparation of methanolic extract

Pomegranates was purchased from a local markets Rese first prepared and dried for a week at room
temperature (RT) in darkness. Then the dried peele separately ground to obtain uniform powdetse Peel
powder (100 g) was dissolved in 70% ethyle alcol§é®Oml) and kept at RT for 96 h. Subsequently, rtivgure
was filtered and concentrated under nearly vacuresspire and at 40 using rotary evaporator. The extracts were
kept in sterile bottles under refrigerated condisiauntil further use. The extracts were susperated7°C in
dimethylsulphoxide (DMSO) to give a stock solutiami 25mg/mL, dissolved in culture medium, filtered
(Millipore® 0.22 um) and stored (4°C) until use. The remaining DM8Ghe wells (maximal 0.2%) did not affect
the experiment results [32].

Determination of the free-radical scavenging activity

The free-radical scavenging activity was measusethb 2,2 diphenyl-1-picrylhydrazyl (DPPH) methoelsdribed
by Moon and Terao, with some modification [33]ffBient amounts of the extract and methanol wededdo a
solution of 0.3 mg/mL methanolic solution of DPRiHmake up a total volume of 3.0 mL. After standiogl5 min

at room temperature, the absorbance was measurgti7abim using UV-Vis spectrophotometer (UNICO 2100:
USA). High absorbance of the reaction mixture iathd low free radical scavenging activity. Butythte
hydroxytoluene (BHT) was used as positive contirthibition of free radical by DPPH was calculatesifallows:
Antiradical activity (%) = (Acontrol — Asample)/Aatrolx100. The IG, value, defined as the amount of antioxidant
necessary to decrease the initial DPPH concentratyc60% and was calculated based on linear ragres$ plots

of the percentage antiradical activity against ¢bhacentration of the tested compounds [34]. TheegrEnt was
carried out in triplicate and the results are agenzalues.

Determination of total phenolic content

The total phenolic content of the Pomegranate paract was determined using Folin-Ciocalteu metf®].
Briefly, 0.1 ml of the diluted sample was addedt6 ml of 10% (v/v) Folin—Ciocalteu reagent and tkaproom
temperature (RT) for 3-8 min. Subsequently, 0.40Mml.5% (w/v) sodium carbonate solution was addedhe
mixture. After being kept in total darkness fori®., the absorbance of the reaction mixture waasmesd at 765
nm using a UV-Vis spectrophotometer (UNICO 2100AUSAmounts of total phenolic were calculated using
gallic acid calibration curve. The results wereresged as gallic acid equivalents (GAE) g/g ofgant matter.
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Deter mination of total flavonoid content

The total flavonoid content of the extract was nuead as previously reported method [36]. Brieflys onl of
diluted plant material was independently mixedthwl.5 ml of methanol, 0.1 ml of 10% (w/auminum
chloride, 0.1 ml of 1M potassium acetate, ai@drl of distilled water. Following incubation atam temperature
(RT) for 40 min, the absorbance of the reactiontamx was read at 415 nm using a UV-Vis spectropheter
(UNICO 2100: USA). The results were expressed inafnigitin equivalents of dry plant matter by conmipan with
the standard curve, which was made in the sametamnd

Cell and Virus

Vero (African green monkey kidney) cells was kingrovided by Pasteure Institute of Iran. The celise grown

in Dulbecco's Modified Eagle's Medium (DMEM; GibddSA) supplemented with 10% of fetal bovine serum
(FBS; Gibco, USA), 100 pg/mL of streptomycin, 100ml of penicillin and 0.25 pg/mL amphotericin Bipco,
USA), at 37°C and 5% CO2. The same medium comgiB? PBS was used for cytotoxicity and antivisdays.
HSV-1 (HSV-1, KOS strain) was kindly provided by iMersity of Tarbiat Modares, Tehran, Iran. Virusdt was
prepared by infection of confluent monolayer Veslsin 75 cr culture flasks using DMEM medium with 2%
FBS, at 37°C in 5% C£ Virus titer was determined by cytopathic effe€PEg) of HSV-1 in Vero cells and was
expressed as the 50% Tissue Culture Infective DBSEDg) per ml.

Cytotoxicity assay

Prior to the investigation of anti-HSV-1 activitthe cytotoxic effect (CPE) of the extract was dwiaed. Briefly,
Vero cells were seeded onto 96-well plates witlerecentration of 10000 cells/well with final voluro&100 pl per
well. After incubation at 37°C with 5% GJor 24 h, when the cell monolayer was confluehg tell culture
medium of cells aspirated and washed with PBS.sGedlre incubated with 100 pL/well of various cortcations

of ethanolic extract (in triplicates) and incubatad37°C with 5% C@ for further 3 days. cell viability was
examined by ability of the cells to cleave the aetdium salt MTT [3-(4, 5-dimethylthiazol-20l) 2, 5
diphenyltetrazoliumbromide), (Sigma, USA), by th@tochondrial enzyme succinate dehydrogenase which
develops a formazan blue color product and the quioe was followed as described earlier [37]. Byjethe
supernatants were removed from the wells an@l50f an MTT (Sigma, USA) solution (Img/mL in PB&ps
added to each well. The plates were incubated foa#d37°C, and 100L of DMSO (Samchun korea) was added to
the wells to dissolve the MTT crystals. The platese placed on a shaker for 15 min and the absoebarre read
on an enzyme-linked immunosorbent assay (ELISAlleedSTATA FAX 2100, USA) at 492 nm. Data were
calculated as the percentage of toxicity usingfellewing formula: toxicity (%)=[100— (At/As) x100%e, where At
and As refer to the absorbance of the test substand the solvent control, respectively [32]. TI0&65cytotoxic
concentration (Cgg) was defined as the cytotoxic concentration ofdhgle extract by regression analysis.

Antiviral assay

Antiviral activity of the extract was evaluated Imyhibitory activity assay using MTT method, as désd
previously [32]. Briefly, Non-cytotoxic concentratis of the extract below the gfsalue were used to test the
ability of them to inhibit CPE of HSV-1 in tissualture. To confluent Vero cell monolayer in a 96Hvptate, 100l
(100TCIDy) virus suspension was added and incubated % 33r about one hour to allow virus adsorption.
Thereafter, serial twofold dilutions prepared fraon-toxic dose of the extract was added and testaiplicate. As
positive control, cells were infected with the saommcentration of virus but without addition of edt. As a
negative or cell control, only 1% DMEM was addedHe cells. The plates were incubated at 37 °Chnraidified
CO, atmosphere for 3 days. DMSO with 0.1% concentnatiand a solution of Aciclovir (9-(2-
hydroxyethoxymethyl; Sigma, USA) were used as riegand positive controls, respectively.

Cell viability was also determined using previouslgscribed MTT assay [32]. Data were calculatedthas
percentage of inhibition using the following forraulAntiviral activity (%)=(Atv—Acv)/(Acd—Acv) x100%where
Atv, Acv, and Acd are the absorbance of the testpmunds on virus infected cells, the absorbancthefvirus
control and the absorbance of the cell contropeesvely [32]. The procedure was carried out thiees. The 50%
inhibitory concentration (1€ was determined from a curve relating inhibitienthe concentration of the extract.
Selectivity index (SI), as a marker of antiviratigeity, was determined as the ratio of CC50 to IC50

Time-of-addition assay

The time-of-addition effect of the Pomegranate pegtact was evaluated with minor modificationspieviously
described method [38]. To assess the effect okexteact on the adsorption and post-adsorption svehHSV-1
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replication, the virus was treated with one tim®0®f the extract (§8/ml) in three different manners, 1) only
during the adsorption period (adsorption); 2) aftésorption and until the end of the experimens{jaalsorption);
and 3) during and after the adsorption (through¢rigure 1). To carry out these experiments, 90% confluelis ce
were chilled at 4°C for 1 hour followed by infectiavith100 pL/well of HSV-1 (100TCIE) in the presence or
absence of extract and further incubated at 4°Q forallowing only the adsorption step of the vipatticles to the
cells (Adsorption). Subsequently, the supernateag removed, the cells were washed twice with idd-B8S and
the medium with or without the extract was replaegith an equal volume of DMEM and 1% PBS, and irated
for three days at 37°C /5% CO2. Using MTT assay, dability and the percentage of viral inhibitiowas
evaluated compared with the control. Data represeas the percentage of virus inhibition comparé whtreated
control as mean + SD (n=3). Statistical analysis warried out by statistical software using one waglysis of
variance and the post-hoc Tukey’s test.

Adition of virus

72h
Precooled * Adsorption Post— Adsorption
[ 1h-4C | 1h-sC | 37°C |
=" !t > cv
— :— Throughout
- | ( — Adsorption
| 2
T | — D1 - A, (|s01ption
|
Inoculum removal

Figure 1: Scheme of addition of Pomegranate peel extract in the adsor ption and post-adsor ption stages of HSV-1[38]. Open and black
arrowsindicate the absence and presence of extract, respectively

Statistical analysis

All experiences were carried out in triplicate. Th&, and CG, values were calculated using dose-response
analyses and related models with probit procedsiguSPSS program. A p-value of less than 0.05cwsasidered
statistically significant

RESULTSAND DISCUSSION
Antioxidant capacity, flavonoids, and phenolic compounds
Total amount of phenolic and flavonoid compoundsPaimegranate peel extract was 282/9 mg/g galic acid

equivalent and 136.6 mg/g, respectively.

Table 1. DPPH radical-scavenging activity of the pomegranate peel extract

) Scavenging of DPPH radical activity DPPH-radical scavenging activit]

Sample Concentratiomg/ml ) inhibition (%) (main + SEN ICso/ (ug/ml )
20 91.2+0.3
10 71.9+1

Pomegranate peel extta¢ 5 44.15 7.7+1.21
25 30.12
1.25 0
50 90.8+1.t
40 78.3+1.2
BHT 30 55.5+0.7 25.41+1.89

20 40.09+1.7
10 22+1.06

All results are presented as mean +standard megor ef three assays.
DPPH: 1,1-Diphenyl-2-picrylhydrazyl, BHT; Butylatégdroxytoluene
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Our results showed that the scavenging effect efektract increases as the concentration incredsescrude
extract had IC50 values of 7.7t1@{ml. The results are expressed compared with atgtyl hydroxytoluene
(BHT), a reference standard with IC50 of 25.41+1u§0nl (tablel)

Cytotoxicity of the extractson Vero cells

Based on MTT analysis results, The &g®alue of crud extract and Acyclovir on Vero cellas 293.5 and
177.5ug/ml, respectively. The analysis showed Bignit relationship between the concentration ef éltract and
cell death with the more increase the extract comaton, the more cell death was shown (P<0.01).

Anti-HSV-1 activity

Treatment of the Vero cells with different concatibns of crude extract and Acyclovir at the sammeetof
inoculation by HSV-1 was done based on the methedtioned in materials and methods section. Baseth®n
results, we understood thaigml of the extract did not show any antiviral effevhile the 8Qug/ml of that extract
could inhibit the performing of cytopathic effearapletely due to HSV-1 replication in Vero cellscadrding to
the model, with the increasing of the extract comgion, the percentage of inhibition of the cytpc effect
(CPE) was increased (P<0.05). Therefore, in Prafdlysis, 1G, of pomegranate peel extract and Acyclovir on
HSV-1 was 37.7 and 1.3pg/ml, respectively. The @l& of pomegranate peel extract and acyclovir 8&H was

7.78 and 136.5, respectively. Based on these seqpdimegranate peel extract showed strong actag#nst HSV-
1.

Characterization of antiviral activity

To determine whether the inhibitory effect of thede extract occur during the adsorption and/ot-pdsorption
steps of HSV-1 replication cycle, different expegims were carried out with one timegd@f this plant material
(Figure 1). Our results showed that the extractibiiSV-1 replication in adsorption stage (p<0.0B) contrast,
Acyclovir inhibited HSV-1 replication in post-adgtion stage (p<0.001). There was no significanéfemince in
the percentage of viral inhibition exhibited by pegnanate peel extract and Acyclovir both in posteaption stage
and during the experiment (Throughout) (Figure 2).

124 * % H Adsorption

LM}y - E Post-adsorption

80 Throughout

o0 -

40 -

Viral inhibition (%)

20 -

pomegranate extract Acyclovir

Figure 2: The effect of pomegranate (Punica granatum L.) peel extract and Acyclovir on the adsor ption and post-adsor ption of HSV-1to
theVerocell
Data represent the percentage of virus inhibitiempared with untreated control as mean + SD (n =@)e time 1 was used in this
experiment. Statistical analysis was carried ouhgstatistical software, Using this analysis, * @85 adsorption versus post-adsorption, **
P<0.001adsorption versus post-adsorption and thiaug (one way analysis variance and the post-hdey's test)

There is currently increasing interest to use mdtproducts in treating and preventing medical [@ols. At
present, due to induction of resistance of pathegenchemical drugs and the prevalence of the fiiftédrent
infections, the search for biological active extsabased traditionally used plants is extensivelyied out [39].
This study was aimed to evaluate in vitro anti-HBVctivity of pomegranate peel extract. In thisdgiuve have
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shown that the ethanol crude extract of pomegra(Rueica granatum L.) peel have high antiviral effegainst
HSV-1.

Pomegranated(inica granatuni.) have been used for a long time as an antibat&gent in traditional medicine.
The bactericidal effect of pomegranates on a nurobdéiighly pathogenic and drug-resistant bactestedins was

investigated in different areas of the world. Metblaextract of its fruit, and especially the peekhibited the

broadest antibacterial activity [40]. The fruit pbmegranate and its extracts has been reportea teffbctive

against influenza virus, herpes simplex virus, passes, and human immunodeficiency (HIV-1) viru-§3].

Methanol extracts of pomegranate are highly richyidrolyzable tannins (punicalins and punicalagieagic acid,
a component of ellagitannins, and gallic acid, emponent of gallotannins [44]. Both antibacteriat amtiviral
effects of pomegranate most probably are associaitbdthe hydrolyzable tannins and anthocyaning.[@#tere is
one published report indicating out of four flavaheompounds pomegranates (ellagic acid, caffeid, dateolin,
and punicalagin)of pomegranates only punicalagiohinhibitory effect on influenza virus [46].

In our study, to understand the mechanism of aafopomegranate peel extract, HSV-1 was treat¢d @ne time
ICqyo Of the extract (88g/ml) in three separate experiments; 1) adsorptionly during the adsorption period); 2)
post-adsorption ( after adsorption and until thd ehthe experiment) and; 3) throughout (duringl after the
adsorption). Our results showed that the extragbinHSV-1 replication in adsorption stage.

Both cranberry juice, and cranberry-pomegranates Haen reported to reduce the binding of humanviroise
strains specifically to certain types of humandtigbod group antigens (HBGAS) [47]. Based on thmults, it was
suggested that the interaction of plant polyphenodimpounds with the viral capsid protein may cduswersible
damage or reversible blocking of certain regioresdarof the capsid protein [47]. It was shown tlwethgonents of
pomegranate juice, which adsorbed on corn statobkiIV-1 bind to CD4 and CXCR4/CCR5 host cell eptors
[43]. This published results, together, may indécanti-HIV potential of these natural safe foodrses. One study
found that proanthocyanidin A-1 inhibited herpeaex virus type 2 (HSV-2) attachment and peneairatind also
affected the late stage replication of the virug&[4

For using in this study, the extract was prepareth w0% ethanol and, after drying, tested withouttHer
purification. It has been suggested that more jmatibn of the extract might increase its antiviaativity. As the
extract was not completely purified, it probablyosked its partial antiviral activity and it shoulae Ipossible to
increase the anti-HSV-1 activity through purificatiof the extract.

CONCLUSION

Our results showed that pomegrandar(ica granaturrL.) peel extract exhibited anti-HSV activity, prdiha by
inhibiting the adsorption stage, with Sl value of.7This may suggest the extract as a potentialH8 agent.
Also this extract with high phytoconstituents couté a promising source of medicinally important unait
compounds.
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