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ABSTRACT KEYWORDS
This study was done to identify and characterize specific cellular genes Goniothalamusumbrosus;
expression during infection of host with HSV-1 and treatment with Styrylpyrone derivative;
styrylpyrone derivative (SPD). SPD showed antiviral activity with different Antivirus;
modes of action against HSV-1. SPD was effective in inhibiting cell death Differential gene expression;
when the substance was added at 2 hours to 4 hours post infection. Cell Herpessimplex virustype-1.

death was only observed when treatment was delayed to 5 and 6 hours
post infection. Positive effect to this mode of action suggests that SPD
were able to treat HSV-1 infected cells at two effective concentration of
1.563x107 uM and 7.813x108uM in treatment mode [S+V]+SPD. Differential
geneexpression (DEG) method was used to determine and i sol ate the genes
that aredifferentially expressed in HSV-1 infected Vero cellswith and with-
out treatment with SPD. Resultsfrom DEG analysis showed that atotal of
177 genes were expressed differentially with 89 cDNAs candidates were
induced and 88 cDNAs candidates were repressed. All the genes were
determined by their nucleotide sequences that were compared with the
database from Genbank viabioinformatic analysis. Eight markersfrom DEG
analysiswere chosen and their expressionswere confirmed by using Real-
Time PCR. Results from Real-Time PCR showed 100% correlation in the
markers’ expression profile showed by DEG method. The cDNA markers
that were induced in their expression include mitogen-activated protein
kinase, tapasin, carboxypeptidase M, RAB member RAS oncogen family,
p53and G protein-coupled receptor. We found that SPD induced apoptosis,
as measured by oncogene family gene expression and caspase activation.
The apoptosis mediated by SPD in infected cells was associated with the
activation of p53 and Bcl-2 proteinviaintrinsic pathway. SPD also exertsits
anti-HSV-1 properties by activating an extrinsic pathway via caspase-8
activation in infected cells. From this study, the understanding on how
SPD acted upon HSV-1 infected host cells during the infection processwas
proposed. In this study it was shown that SPD has a potential in control-
ling HSV-1 infection selectively without disturbing non-infected cells.

© 2015 Trade Science Inc. - INDIA


mailto:zarinawahab@unisza.edu.my

RRBS, 10(5) 2015

Noor ZarinaAbd Wahab et al.

167

INTRODUCTION

Styrylpyronederivative (SPD) isaplant-derived
pharmacol ogically active compound extracted from
Goniothalamus sp. Theplant isgrown by generations
of traditional practitionersmostly for post-partum-re-
lated healthcare and family planning. Report by
Azimahtolet d .[*4 showed that styrylpyronederivetives
from Goniothalamus sp. are potent anti-tumor with
profound anti fertility propertiesattributed by itsproges-
terone and estrogen antagonistic activities. Previoudy
reported that SPD inhibited the proliferation of M CF-
7 human breast cancer cellsby inducing apoptotic cell
death, while having minimal effectson non-malignant
cellg?.

Multiplestrainsof herpesvirusesexist. It hasbeen
difficult todevel op an agent that will not smultaneoudy
injureor kill thehost cell. Virusescanremain latent for
years. Currently, thereare no antiviral agentsthat can
eliminatethislatency. Inaddition, virusescanchangege-
neticaly, thereby making them ressant toantivird agents
over time“. Previous studieshaveshownthat infection
of Vero cellswith HSV-1 will betreated with SPD. In
thisstudy, we determined the differential geneexpres-
sion of Vero cellsinfected or non-infected with herpes
simplex virustype-1 (HSV-1) and treated with SPD.
From thisstudy, the understanding on how SPD acted
upon HSV-1infected host cdllsduringtheinfection pro-
cesswasproposed. Inthisstudy it wasshown that SPD
hasapotentid in controlling HSV-1infection sdectively
without disturbing non-infected cells.

Thedifferentid display PCRisapowerful method
withwhichispossibletoidentify altered geneexpres-
sonatthemRNA level inany eukaryoticcell. Thispro-
cedurealowsfor selection of differentialy expressed
genesat themolecular level asthefragmentsof cDNA
obtained by PCR amplification are easily cloned and
sequenced®. Inthese study, we apply thedifferential
display techniqueto investigate the pattern of mMRNA
expressed inHSV-1infected Vero cdllswith or without
SPD treatment.

MATERIALSAND METHODS

Cdll and viruses

Vero cells (monkey kidney cell line) and HSV-1
were obtained from the stock culturesof the Microbi-
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ology Laboratory, School of Bioscience and Biotech-
nology, Faculty of Science and Technology, UKM.

Plant collection

The plant was collected at an area of Sungai
Keantan, Kelantan, Ma aysiaandavoucher specimen
was deposited in collectionSchool of Bioscienceand
Biotechnol ogy, Faculty of Science and Technology,
UKM. (Voucher No: NZS 3148).

Extraction of SPD

Thedried powdered bark of G. umbrosus(500 g)
wasextracted in aSoxhlet apparatuswith light petro-
leumn ether for 72 hours. Evaporation of thelight petro-
leum ether resulted asamixtureof solid and thick brown
oil (10g). Recrystalisation of light petroleum yielded
white crystals (1 g) which wereidentified as SPDU.

Plate Processing Techniquefor Cytotoxicity Test
andAntivird Assay. MTT (Tetrazolium blue) assayswere
used to eval uate the reduction of viability of cell cul-
turesin presence and absence of SPD. After 48 hour
incubation, themicrotitre plateswere processed using
themodified MTT assay'>*t!. Absorbance of rel eased
dye was recorded by using microplate reader
(LabsystemsM ulticanM ultisoft) a é=540 nm. Readout
from each well was normalize against the absorbance
from empty wellsand datawas presented asthe per-
centage of survived cells compared to control cells
Semple*@ andtheLC vaueswerecaculated.

50
Cytotoxicity test

Thecytotoxiceffect of SPD and ACV towardsVero
cellswasinvestigated by the M TT method. The puri-
fied SPD (1 mg) wasfirst reconstituted in 50 i1 DMSO
and then further diluted with 950 il Minimal Essential
Medium (MEM) with 5% feta bovineserum (GIBCO)-
MEM/FCSto obtainalx10® pg/mL (5x10° uM) stock
solution. Thecytotoxicity assayswere carried out using
0.1 mL of cdl suspension, containing 2.5x10° cell/mL
seeded ineachwell of a96-well microtitreplate. Fresh
medium contai ning different concentrations of thetest
samplewasadded after 24 h of seeding. Confluent Vero
cellsweretreated with SPD that wasdiluted from 1x10°
ng/mL (5x10° uM) to 3.815x10° pg/mL (1.907x 101t
uM). Control cells were incubated without test sample.
Themicrotitre plateswereincubated at 37 °C in a hu-
midified incubator with CO2 5% for aperiod of 48 h.
Nineteen well swere used for each concentration of the



168

The proposed action of styrylpyrone derivative in hsv-1 infected vero

RRBS, 10(5) 2015

Reguler Peper ==

test sample. Themorphol ogy of the cellswasinspected
daily and observed for microscopically detectable al-
terations.

Antiviral assay

Theantiviral activity early screeningwasdoneto
observetheantivirus activity effect of SPD towards
HSV-1. SPD from 1x10®ug/mL (5x10° uM) to 1.953
pg/mL (9.766x10° uM) were tested on four different
virus concentrationswhichis1CD_, 5CD_,, 10CD,,
and 50CD,.. Three modes of treatmentsto detect anti
HSV-1 activity in each of the fraction according to
NurulAiniet d. (2006) and Nazlinaet al. (2008) with
somemodificationwhichis(i) celswereinoculated with
virus2, 4,5, 6, 8and 10 hours before treatment with
SPD, (C+V)+SPD; (ii) theviruswasinoculated to the
cellsoneday after treatment with extract, (C+SPD)+V
and (iii) thevirus and extract wereinocul ated s multa
neoudytocdls, C+(V+SPD). Theviral concentretions
used for cell inoculationswerefixed @10CD .Antivi-
ral activitieswere determined usingthe M T PPassay as
above. Acyclovir (ACV) (Sigma-Aldrich), 1.25x103
mg/mL wasused asapositivecontrol.

Differential geneexpression in cellsinfected with
HSV-1and treated with SPD

Vero celswereinfected withHSV-1at 2,4, 5, 6,
8 and 10 hours. Then, SPD wasadded at 2, 4, 5, 6, 8
and 10 hours post infection. Total RNA wasisolated
frominfected and treated Vero cells(Epicentre, USA)
and subjected to RT-PCR using 20 universal primer

pair (GeneFshing™DEG Premix Kit, Seegene). cDNAs
fragmentswerethen reamplified, cloned intoyT& A
cloning vector (Yeastern Biotech Co., Ltd.) and se-
guenced. Sequenceresultswereanalyzed by blastnto
determinethegenefunction.

Analysis of relative gene expression data using
real-timequantitative PCR

For LightCyderusngMulticolor iCyder Red-time
PCR mechinefrom BioRad, reaction amastermix of
thefollowing reaction componentswas prepared: 1iL
(100 ng) RNA, 5 iL 2X Green RT-PCR
PreMixMasterAmp™ Green Rea-Time RT-PCR
(Epicentre, USA), 0.5iL forward primer (10 iM), 0.5
iL reverse primer (10 iM) (TABLE 1), 5 iL free nu-
cleasewater and 0.5iL RT DNA Polymerase. The fol-
lowing LightCycler experimenta run protocol wasused:
denaturation program (95UC for 1 min), amplification
and quantification program repested 35 times (95UC
for 10's, 62UC for 30 s, 72UC for 30 s with a single
fluorescence measurement) mealting curve program
(55UC ke 95UC) and finally a cooling step to 40UC.
Thechangein expression of thetarget genenormalized
toa-actin. The Ct valuesprovided fromred-time PCR
thenwereanayzed using 2—"°T method™.

RESULTSAND DISCUSSION

Cytotoxicity Test. Cytotoxic assay was performed
to determinethe LC_, of SPD and of ACV. SPD ex-

TABLE 1: List of putativegenesthat werechoosefor real-time PCR analysis

Primer Nucleotide sequences

Carboxypeptidase M

Tapasin

Mitogen-activated protein kinase
Ras

G protein-coupled receptor

p53

Ubiquitin

Calmodulin

(F) 5 TTGTGTTGTTAGGGTTTGGAGGTATCT 3
(RS TTTTCTTTCAAACGGAATCTTGCTCT 3

(F) 5 TTGTGTCTGTATTCTTTAGGAGGGGC 3
(R) 5 GGGGTCACTTCAGGTGGCAGG 3

(F) 5 ACCTCCCTTGTCTCAGATGGTGTGT 3
(R)5 TGTTGGTTGGGTTGTTGGTTTCTAT 3

(F) 5 GCTGAGGCTGGAGAATCGCTTGAAT 3

(R) 5 TTTGGTTGTGAGACAGGGGTTTGCT 3

(F) 5 CCTTGTTGTTTTGGTTTGTTGAGACAGAGT 3
(R) 5 TGCCTGTGAATCCCACGCTACTCG 3

(F) 5 GGGGGTGGCTACTGTCCG 3

(R) 5 GGTTCGTATGTTAGTAGTGACAGGGT 3
(F) 5 TGCTCGGCGTGAGGGAGTATGG 3

(R) 5 CAACATCCTAACTCGTGCTCTGGGTGA 3
(F) 5 TTATCAGGCATCTCTCCAGTCAATCCCC 3

(R) 5 TGCGTGACCCCTTCTGAGCACAACA 3

p-actin

(F) 5 TGGGTCAGAAGGATTCCTATGTG 3
(R) 5 TCGTCCCAGTTGGTGACGAT 3
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hibited cytotoxic effect towardsVero cellsinaconcen-
tration-dependent manner. TheLC  valueof SPD to-
wardsVero cdlswas31.25 pg/mL (F%563x107 pM)and
the LC value of acyclovir towards Vero cells was
1.25x13®g/mL. This result indicated that SPD appeared
to beleast toxic than ACV. No significant changesin
cdlular morphol ogy wereobserved in SPD-trested cells
at aconcentration of 31.25 pg/mL as compare to nor-
mal Vero cdlls. Resultsfrom cytotoxicity areimportant
to determinetheactua concentration of SPD wasused
intheantivira test.

Early Screening of SPD Antiviral Activity against
HSV-1. SPD inhibited different concentration of HSV-
1infection in aconcentration-dependent manner (Fig-
ure2).At 1CD, HSV 1 concentration, the EC_ vaue
were 4.290 pg/mL, at 5CD,, the EC_ value were
1.188x10% pg/mL, at 10CD,, the EC_ value were
2.125x10? pg/mL and at 50CD, ,, the EC_ valuewere
2.375x10? pg/mL.
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Figurel: Effect of theaddition of the SPD against anti-HSV-
1 activity in thefirst line of treatment (I =[S+ V] + E) at
concentrationsof SPD (2%) 31.25 pg/mL and () 15.63 pg
/ mL and theconcentration of HSV-1 10CD50 after 2,4, 5, 6,
8and 10 pj. (M) represent control cellsand (o) represents
thenegative control

Antivira Activity of SPD at Different Timesof Ad-
dition. To study theinhibitory effect of SPD onthestage
of HSV-2infection, the compound was added at dif-
ferent periodswhichisbefore, during and after of virus
infection. Resultsshowed that SPD effectivey inhibited
HSV-1infectioninthefirst treatment, 1= (C+V)+SPD
which is SPD was added after 2, 4, 5, 6, 8 and 10
hours post-infection (Figure 1). Thesetimesof treat-
ment were choosing according to completelifecycleof
HSV whichisabout 12 hours(Ward & Stevens 1975).
Theeffectivenessof SPD intreatinginfected cellswas
gained through thistreatment method. Our result dem-
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ongtrated that SPD reacted in early stageof HSV-1life
cyclefrom 2to 4 hours post infection before the per-
centage of cdllssurviva reduced on 5 and 6 hours post
infection. Maximum antivira activity of SPD i1s118.7%
cellssurviva on31.25 pg/mL (1.563x10" uM) con-
centration of SPD on 4 hours post infection comparing
with 120.7% on 15.63 pg/mL (7.813x108uM) SPD
concentration. At 2to 4 hoursprior to virusinfection,
SPD showed their antiviral activity according to the
percentageof cdl surviva comparetoinfected cel with-
out any treatment with SPD. Antivira activity of SPD
occurredintheearly stage of HSV-1 replication cycle
after the adsorption and penetration was compl eted.
At 2to4 hoursprior to virusinfection, SPD showed
their antiviral activity according to the percentage of
cdll surviva compareto infected cell without any treat-
ment with SPD. Thisresult suggested that antivira ac-
tivity of SPD occurred intheearly stageof HSV-1 rep-
lication cycleafter the adsorption and penetration was
completed becausein herpesvirusinfection, adsorp-
tion and penetration usually occurred infirst 2 hours
after infection®.

Pre-treatment of cell with extract providesapro-
tection againgt theinfecting virus. Treatment of cellsfor
24 hourswith SPD beforevira infectionin treatment
(C+SPD)+V representsthe capability of the SPD to
protect thecdlsfromvird attachment and hencegiving
ustheideaof prophylactic effect of the compound. We
suggested that SPD have cgpability in changing recep-
tor on cellsprefaceor stimulate cell protection mecha-
nism. Besidesthat, SPD also have possibility in com-
peted with virusglycoproteinto bind on cell membrane.
Our result showed that pra-treatment cellswith 31.25
ng/mL (1.563x107uM) SPD caused 39.3% cells sur-
vival compared with 44.7% for post-treatment cells.
Meanwhile pra-treatment cells with 15.63 ug/mL
(7.813x108uM) SPD caused of 10.2% cell survival
compared 15%for post-treatment cells(Figure2). SPD
wasfound not to have prophyl actic effect as demon-
strated thistrestment mode.

Simultaneousaddition of virusand test compounds
to cell culturerepresent whereasthat anti-HSV-1 SPD
caused by it capability to act directly onviral particle
such asmodification of freevirusessurface’s that inhib-
itsvird attachment to host cellS*¥. Test was carried out
when SPD were added simultaneoudly into virusincu-
bationwithin0, 1, 2, 4and 6 hours. Result showed that
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SPD was not found reacted asantivira agent in pro-
tected cellsfrom virusinfection but SPD showed ca-
pableto treated disease cause by the virusinfection
(Figure3).

Differential geneexpressionin cellsinfected with
HSV-1andtreasted with SPD. Resultsfrom DEG andly-
sisshowed that atotal of 177 genes were expressed

100

B pre-treamment of cells with SPD

9 X
50 0 post-treatmentof cells with SPD

80

% cell survival

) ﬁ
) | v |

SPD31.25 pg/mL SPD 15.63 pg/mL Acyclovir 1.25x10° pg/mL

Type of treatment

Figure 2 : Effect ofHSV-1 on thepre-treatment of cells
ver sugpost-treatment of cellswith theSPDandacyclovir
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Figure3: Effect of SPD actionsdirectly exposed toHSV-1 for
0,1,2,4and 6hours

differentialy with 89 cDNAs candidateswereinduced
and 88 cDNAscandidateswererepressed. All thegenes
weredetermined by their nucl eoti de sequencesthat was
compared with the database from Genbankvia
bioinformatic andysis. Eight markersfrom DEG analy-
siswerechosen and their expressionswere confirmed
by usngRed-TimePCR. ResultsfromRed-TimePCR
showed 100% correlationinthe markers’ expression
profile showed by DEG method (TABLE 2). HSV-1
could dter host cell geneexpressionthrough theaction
of virion proteinsor by synthesisof new vira proteins
after infection. HSV- 1 infection hasbeen shown to per-
turb cell cycle progression, which leadsto changesin
geneexpression. Vird factors, induced cellular factor
and changesin cell cycleprogression havethe potentia

to exert profound effects on host cells gene expres-
sioni*, Many cdlular genehave beenidentified whose
activity changesafter HSV-1infection and after SPD
pre-trestment. From thetimeof infection and trestment
with SPD study conducted, thefollowing mechanism
of SPD actionisproposed. Antiviral activity of SPD
occurredintheearly stage of HSV-1 replication cycle
that isafter the adsorption and penetration. At 2 hours
post infection (pi), thevirus startsto represshost cell

protein productivity by repressing the ribosome bio-
genesisprotein. However, the SPD overcomesthisac-
tion. At 4 hr and 5 hr pi, adenine nucl eotidetrand ocator
wasexpressed whichisindicated by vira nucleicacid
replication that consumesthe host cellsenergy. Cell

activity was stopped during thistime. But thisaction
was however not allowed by SPD. At 5 hr pi and con-
tinuesto 10 hr pi, thegenethat control cell desth through
apoptosiswere expressed such as mitogen-activated
protein kinase, p53, famili oncogene RAS, caspase-
8and G protein-coupled receptor in cell treated with
SPD but not ininfected cells. HSV-1inhibitsgpoptos's

TABLE 2: Comparision between differential geneexpression (DEG) result and real timePCRanalysis

Predicted gene Accession Expression in Expression in Time post infection Real-timemean Agreewith Gene
function number infected cells infected cells + SPD and treatment fold change Fishing result?

Carboxypeptidase M XR023655.1  Repress Express 0 hr+ SPD 21.6 Yes

Mitogen-acti vated NMO004759.3  Repress Express 3hrs+ SPD 19.0 Yes

protein kinase

Ras XMO001154629.1 Repress Express 8 hrs+ SPD 2.0 Yes

G protein-coupled XR 0240031 Repress Express 6 hr + SPD 24.8 Yes

receptor

p53 XM 001167426.1 Repress Express 8 hrs+ SPD 17.0 Yes

Ubiquitin XM 001098907.1 Express Repress 6 hrs+ no SPD -1.9 Yes

Calmodulin XM 512771.2  Express Repress 0+ no SPD -16.1 Yes
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of infected cdlls, presumably to ensurethat theinfected
cdl surviveslong enough to alow completion of vira
replication.

M echanism of Action of SPD against HSV-1 In-
fection. Thenumber of cdllsinatissueisnot only con-
trolled by cdll proliferation but also by programmed cell
desth of gpoptosis. A poptosisplaysimportant rolesboth
during development and in maturetissues. Wefound
that SPD induced apoptosis, as measured by oncogene
family gene expression and caspase activation. The
gpoptosismediated by SPD ininfected cellswas asso-
ciated with theactivation of p53 and Bcl-2 proteinvia
intring ¢ pathway. SPD dso exertsitsanti-HSV-1 prop-
ertiesby activating an extringi ¢ pathway viacaspase-8
activationininfected cells. Theactivation of gpoptosis
from outside the cell is caused by the association of
procaspase-8 with the cytoplasmic domain of death
receptor such asFas. Thisassociationismediated by
adaptor proteinsthat bind both Fasand procaspase-8.
The aggregated procaspase-8 mol ecul es cleave each
other, initiating the caspase cascade that leads to
apoptosis. We suggested that SPD play theimportant
rolesininduce production of Fasligand by T cellsand
also prevent production of survival factorsin HSV-1
infected cells. Thereason of thissuggestion isbecause
of intheimmune system, onemechanismby which T
cellskill target cellsisto produceaprotein called Fas
ligand. Fasligand bindsitsreceptor, Fas, ontarget cdls.
Binding of Fasligand to Fasinduce apoptosis. There
also exist extracellular proteins, call survival factors
which prevent apoptosisby binding totheir receptors
onthesurfaceof thecdlls.

When cells are stressed for exampl e because of
hypoxiaor damage cause by unrepaired DNA damage
they can al so activate apoptosisfrom insidethecell by
triggering procaspase aggregation and activation. In
responseto stressor damagen, pro-apoptotic signals
induce mitochondriato rel eate cytochrome cinto the
cytosol, whereit binds and activates an adaptor pro-
tein called Apaf-1. Thiscomplex activatesacaspase
called procaspase-9, which leadsto triggering of the
caspase cascade. The proapoptoticcaspases can bw
divided into the group of initiator caspasesincluding
procaspases-2, -8, -9 and -10, and into the group of
executioner caspasesincluding procaspases-3, -6 and
-7. Whereas the executioner caspases possess only
short prodomains, theinitiator caspases possessiong
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prodomain, containing death effector domains (DED)
in the case of procaspases-8 and -10 or caspase re-
cruitment domain (CARD) asinthecaseof procaspase-
9 and procaspase-2. In extrinsic apoptosis pathways,
procaspase-8isrecruited by its DEDsto thedeath in-
ducing signaling complex (DISC), amembranerecep-
tor complex formed following totheligation of amem-
ber of thetumor necrosisfactor receptor (TNFR) fam-
ily (Sartorius2001).

Therelease of cytochrome ¢ from the mitochon-
driaistightly controlled by membersof theBdl-2 family
of proteins. Withinthisfamily of proteins, therearetwo
sub-classes: proteins that promote apoptosis or
proapoptotic such as Bad, Bax and PUMA and pro-
teinsthat antagonize apoptosisor antigpoptotic such as
Bcl-2 and Bel-x, . Theantiapoptotic family members
can directly bind to the proapoptotic family members
andinhibit them. In the absence of the antiapoptotic
family members, the proapototic family members, such
as Bad and Bax, form channelsin the mitochondrial
membranethat resultsin therel ease of cytochromec
into the cytoplasm whereit can activate procaspase-9
viaApaf-1.

The cell cycleis controlled at certain stages by
checkpoints. These are biochemica mechanismsthat
sop thecdl cycleif certain conditionsarenot met. One
checkpointisthe G1 DNA damage checkpoint. If cells
contain unrepaired damagetotheir DNA, thecell cycle
isarrested in G1. Thisarrest requiresakey transcrip-
tionfactor, p53, whichisactivated by DNA damage.
Therearethree componentsto the systemwhichisa
DNA damage sensor, the Mdm2 protein which nor-
mally causes p53 to be degraded and the p53 itself.
DNA damage causes phosphorylation of p53 and
blocksthe binding of Mdm?2. Thisleadsto the stabili-
zation and accumulation of p53. p53 canthen bind to
the promoter of the p21 CDK inhibitor described ear-
lier and activate itstranscription. Inhibition of cyclin-
dependent kinases (Cdks) leadsto cell cyclearrest.

If p53 activation continuesfor aprolonged period of
time, apoptosis ensues. Thisprocesskillscellswith
damaged DNA that remain unrepaired and servesto
remove cdlsfrom tissuesthat may otherwise accumu-
late mutationsthat would be passed onto their daugh-
ter cells. p53 probably activates apoptosisby increas-
ing thetranscription of severa genes. Onetarget gene
isthe proapototic Bcl-2 family member Bax, whose
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genedirectly activated by p53. Recent research indi-
catesthat p53 ismore than atranscription factor. Un-
expectedly, some p53 associateswith mitochondriato
directly promotetherel ease of cytochromecfrom mi-
tochondria. Thiscytoplasmic popul ation of p53isin-
hibited by the anti-gpoptotic Bcl-2 family member Bcl-
X,_whichdirectly bindsto p53. Oneof thetranscription
targetsof p5, PUMA releasesp53 from Bel-x_ Thisin
turn allows p53 to bind to Bax which activates cyto-
chrome c release and apoptosis ensues.

CONCLUSION

From this study, the understanding on how SPD
acted upon HSV-1 infected host cellsduring theinfec-
tion processwas proposed. In thisstudy it was shown
that SPD hasapotentia in controlling HSV-1infection
selectively without disturbing non-infected cells.
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