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Abstract - To search for less toxic antiherpetic agents, the inhibitory effects of
twelve kinds of flavonoids including chrysin, quercetin, quercitrin, rutin, fisetin,
gossypin, kaempferol, morin, naringenin, naringin, hesperetin and hesperidin
on the plaque formation of herpes simplex virus type 1 (HSV-1) and type 2
(HSV-2) in Vero cells were examined by plaque reduction assay in vitro. Some
flavonoids tested in this study showed potent antiherpetic activity, reducing
intracellular replication of herpes simplex viruses when Vero cell monolayers
were infected and subsequently cultured in medium containing flavonoids.
Naringenin showed the the most potent antiviral activity against HSV-1 with
selectivity index (SI} of 19.1 and hesperetin showed the most potent antiviral
activity against HSV-2 with SI of 9.8. These results suggest that some flavonoids
may be a potential therapeutic agent for the treatment and prevention of herpes
simplex virus infections.

Key words - Flavonoid: antiherpetic agent; herpes simplex viruses: plaque re-
duction assay: selectivity index (SI).
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mouse? rabies virus #gel tidld, quer-
citrin® mouse9| ectromelia virus, vaccina
virus 2 rabies virus Zrgell Wiste] 24z} o E
#2 et ZuslgR, Beladi 7€ quer-
cetin, morin, luteolin 2 fisetin §°| pseudo-
rabies virusel W3t Spedding 5% quer-
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cetin, scutellarein® ¥ #38 659 flavonoid”}
reverse transcriptase(RD)9) 4% JAgo =24
avian myeloblastosis virus(AMV), maloney
murine leukemia virus(MMLV)$} rous-as-
sociated virus-2(RAV-2)¢] 842 4o Fa o
2 JAFn 23sqtt. Barnard 5%& Eu-
phorbiaceae 4 E25¥ &€ Exr% 2,100
dalton®] A< flavonoid polymer?! SP-303°]
herpes simplex virus type 1 2 type 2¢1 o3
AEZRZE AQse AL IABY, respiratory
syncytial virus(RSV)ell tieid = gulolaird
3g vdepdctn Bustdm, Sidwell %2 SP-
303°] mouse? influenza A virusell T3 A
AR7L A&¢ Bustdrh £3 Kaul §9¢ 5%
9] A< flavonoid’} RNA 2 DNA virus9 24
< dAsteT oA thekd dwtely 2~ spec-
trum< VeIt B3t

Herpesvirus© herpes simplex virus type
1(HSV-1)# type 2(HSV-2), varicella zoster
virus(VZV), cytomegallovirus(CMV), Epstein-
Barr virus(EBV) F°] &#{A4 glon ol F i
¢ HSV-13} HSV-2+= Feigdoz Hdsta <o
50%< DNA $AM8 < 7B A BJESA, A
e, §13, AR HollA AolHE il
BV HSV-1& 223& WES 4AR ), HSV-

= A7 E B RS SHA RS £33, G H
HE dozivh, 27] AEFo HSV-2& £347%
At e V|Re R FAHH AFE g dd F
A4 wlelBart ABAIFe R Ao B
#HT HSV-2& human immunodeficiency
virus(HIV) 9] Aste] #dstes FEAAEN ]
gofd 2 vlolg AztdE Fo] U Had v
gll:‘l_.lil)

AA dFH o AH8EH T e gl uzuto]y 2
A 2= acyclovir(ACV), idoxuridine(IDU), vi-
darabine(ara-A), ganciclovir(DHPG) %9
nucleoside #XZA¢ phosphonoacetic acid,
phosphonoformic acid{foscarnet, PFA) 59
pyrophosphate =47t A, ©]% acyclovir
= Hlolg] 2 HEA XA R st H&x vt
olgi2 X gA oW wtolY 2 LFo] YAEA BL
2 Melx o g2 JdA|slng HAFge] Ay F3F ¢
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Fata] g AMRE 3 et Ay sA st 8
dAAE 450 AAHMMo|L} acyclovir ZF o]
AW 7 HodE WAblelg A S tig
Byt E7teta ok EE AN FAA R 2ol
vidarabine, foscarnet & 7171%%A 3}, A2A
X, A 2ol dig EAo] EaE et

ole] AFANE FTHsl Y| autolii 2R
ol thdk A7t Ho] YA 2 1289 flavonoid
& AAsted HSV-13 HSV-20 w3t 35w smto)
H2EIE 2AT v L AFHE AV BaEA
iz

R

MEME -4 AHET ASE chrysin(fla-
vone +%4)), quercetin, quercitrin, rutin,
fisetin, gossypin, kaempferol, morin{flavonol
$%4), naringenin, naringin, hesperetin 2
hesperidin(flavanone =) & 12%2 fla-
vonoid, Sigma Co. A& A8t tHTable D).

Al ¥ 717|-Eagle’s minimum essential
medium(EMEM), fetal bovine serum(FBS),
trypsin, penicillin G, streptomycin, am-
photericin B& Gibco BRL Co., 3-(4,5-dime-
thylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT), crystal violet Sigma Co. A
E4 A8l 7171 clean bench(Green
Yanghaeng), EIA reader(Molecular Device),
CO; incubator(Vision), inverted microscope
(Nikon), plaque viewer(Bellco), freeze dryer
(Edward), autoclave{(Hanyang), centrifuge
(Hanil), membrane filter(Nalgene), pH meter
(Fisher) & AH&-3t T

MZ ¥ HOlHA-FAEZE Vero AXE
(Kidney, African Green Monkey, Ceroco-
pithecus aethiops) ATCC CCL81%, Al @ H}o]
# 2% herpes simplex virus type 1(F strain)
ATCC VR-7333% herpes simplex virus type
2(G strain) ATCC VR-734& AH&-3t%t). Vero
ANEE 10% heat inactivated(56C, 30 min)
FBS, penicillin G, streptomycin ¥ ampho-
tericin B’ &%d EMEM2e 2 37T, 5% CO,
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Table 1. Experimental flavonoids used in this study

Kor. J. Pharmacogn.

Class Name Chemical Name ggﬁ&fé
Flavone Chrysin 5,7-Dihydroxyflavone CisH1004
Quercetin 5.7,3" 4’ -Tetrahydroxyflavonol CisH10Oy

Quercitrin Quercetin-3-0-a-L-rhamnoside CaiH20xn

Rutin Quercetin-3-0O-B-rutinoside CaHa0O16

Flavonol Fisetin 3,34’ 1-Tetrahydroxyflavone CisHi1006
Gossypin 3,34’ .5,7,8-Hexahydroxyflavone-8-glucoside CosH2018

Kaempferol 5,7,4'-Trihydroxyflavonol © CisHiO6

Morin 57,3’ 4 “Tetrahydroxyflavonol CysH 1007

Naringenin 5,7,4'-Trihydroxyflavanone CisH105
Naringin Naringenin-7-O-f-nechesperidoside CyHz014

Flavanone Hesperetin 5,7,3'-Trihydroxy-4-methoxyflavanone C16H1405
Hesperidin Hesperetin-7-O-f-D-rutinoside CoH3O15

incubatorollAl wjkete] Algsldm HSV-13
HSV-2& MOI(multiplicity of infection)7} 0.01
pfu/cell®] vlo]H2HE Vero M XA wjdst 3
Hlo]2]~ 971E plaque reduction assay’Z &
Al 10T olstollA Baste] ALt
HESMAIE - SFA X e AXEHL MIT
reduction assay”ell wel Al@&git}. Vero A%
(3.5x10" cells/wel)E 96 well plated] 33tz
5% CO,, 37CAA 24M3F vieksle] AEgsg o
£ ¥, HIET 500 pg/mle] AB8dS gHAR
<8 4 sted 100 ¥ £5-3k3 48713 vl Fatsich.
AEe] AT E R ¥ 0.5% MIT £942 50 ul
A 7vsta 2A13E o ekt #ake] MTTE A
Adtzn 7423 ¥ DMSOZ formazan crystal
< §3l313th. EIA reader® 570 nmollA &3%
£ &3 50% cytotoxic concentration(CCsy)
9] & Attt
EHIOIHAAE -3 g Anlo] 289 &
plaque reduction assay'?el| wet A& siict.
Vero M X (5x10° cells/well)E 24 well plateo]
EF3la 5% CO, 37CAA AXdES Ak
A XG2S PBSE Al ¥ sta < 150 pfu/wellZ 3]
Ag vlo]H 284S HF3a Mo FATEE
INZE g o, 1, 10, 20, 30 2 40 ug/ml=
ZA G AELAY 1% agars 73 EMEMS
7Fe & plaqueel IAFE w7x wjksigdch
Plaqueel #4=™ agar overlay medium< =
oz 5% formalin-PBSE A ¥& 3 A)17l F,

0.1% crystal violet 422 A3l plaque
& At} Plaque & thxwd ¥ aste] njo]
g9 F4& 50%7HK AA)E flavonoid®
#%x9] 50% effective concentration(ECz) & T+
3le] selectivity index(SDZ &g 38t5th.

Zu 3 nE

APA 89 chrysin(flavoneA), quercetin,
quercitrin, rutin, fisetin, gossypin, kaemp-
ferol, morin(°]# flavonol#l), naringenin,
naringin, hesperetin hesperidin(e]4 fla-
vanoneA)) & 12% flavonoide] HSV-13} HSV-
20 Wigt el 28 HE F337] A3l plaque
reduction assay®l wet A1&8ste] CCxp9t ECxH2
HE A4 selectivity index(SD+& Table 19} 2
t}, Flavonoid A18Z 1, 10, 20, 30 ¥ 40 pug/mie]
FEolAM AT B Vero Al XA 5248 HSV-1
2 HSV-29] plaque 42 £FEH R A
H At} Chrysine ECs7t 7.4 ug/ml= HSV-1¢]
plaque 34& 713 281 A2 Vero Al
o th3t CCsr} 87.0 g/mlZ S} 11.88 YeRY
Atk HSV-19l] tist] 71 93t 38]u) 2mlo] 2
2835 Yeld flavonoidE naringenin(Fig. 1)
o2 CCx% ECix/t 47 145.3 pug/milst 7.6 ug/
mlZ 19.1¢] SIE Wit 12F flavonoid<)
HSV-1d] tigt ghlolel~aaE SI2 H71g&
9 SI7} 10 ©]39] AL naringenin, chrysin,
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Table IL. Antiherpetic activities of some flavonoids by plaque reduction assay

) CC.2 ECs” (ug/ml) SI°
Flavonoids %0
(ug/ml) HSV-1 HSV-2 HSV-1 HSV-2

Flavone Chrysin 87.0 74 12.0 11.8 7.3
Quercetin 89.8 20.8 21.2 43 3.3

Quercitrin 130.6 22.7 33.7 5.8 3.9

Rutin 111.1 322 21.5 3.5 52

Flavonol Fisetin 41.8 244 19.0 1.7 2.2
~ Gossypin 119.1 30.6 29.6 3.9 4.0
Kaempferol 60.0 16.0 10.8 3.8 5.6

Morin 146.8 24.1 69.5 6.1 2.1

Naringenin 145.3 7.6 25.5 19.1 5.7

Flavanone Naringin 116.6 11.3 43.2 10.3 2.7
Hesperetin 217.2 26.0 22.2 8.4 9.8

Hesperidin 146.4 23.6 73.0 6.2 2.0

Acyclovir 913.7 1.7 0.5 537.5 1827.4

Control v jarabine 1176 6.2 55 19.0 214

*50% cytotoxic concentration (CCjy) is the concentration of the 50% cytotoxic effect.
’50% effective concentration (ECx) is the concentration of the sample required to reduce plaque for-

mation of virus by 50%.
“Selectivity Index (SI) =CCs/ECx.

Plaque forming unit/well (% of control)

T T T

1 10 20

vC 30 40

Concentration of Naringenin (ug/mt)

Fig. 1. Inhibitory effect of naringenin on the
plaque formation of herpes simplex virus type 1
(HSV-1) and type 2 (HSV-2) in Vero cells. Results
are expressed as percent with respect to virus
control (VC) group without naringenin. Each
value is the mean+S.D. of quadruplicate de-
terminations.

naringin®® Sl 244 19.1, 11.8, 10.4&
glllltt. Kaempferol2 ECy7} 10.8 pg/ml=
HSV-29] plaque B4<& 7 A3A JAI9L
Y, CCyq7t 60.0 pg/mlZ Sl 5.62 JERIAT
HSV-2¢] thsled 713 943 dsjg]znlojg]~&

100

80

60

40

20 +

_plaque forming unit / well (% of control)

0 T T T T T
VvC 1 10 20 30 40

Concentration of Hesperetin (ug/mi)

Fig. 2. Inhibitory effect of hesperetin on the
plaque formation of herpes simplex virus type 1
(HSV-1) and type 2 (HSV-2) in Vero cells. Results
are expressed as percent with respect to virus
control (VC) group without hesperetin. Each
value is the mean®S.D. of quadruplicate de-
terminations.

#& e flavonoid¥ hesperetin(Fig. 2) 2.2
CCa® ECy7} 217.2 g/mlsh 22.2 ug/mlo 2 9.
89 SIE eI

Ao ALEE 12%9] flavonoeid F HSV-2ETh
HSV-1¢] oisl o =& SIE Jehd ZA& na-
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ringenin, chrysin, naringin, hesperidin, morin,
quercitrin 2 quercetln 7Eolz HSV-1x21}
HSV-2¢] thal]l o &2 SIE veld AL hes-
peretin, kaempferol, rutin, gossypin ¥ fi-
setin & 5%°l™ 23%9 HSVe & SIS ¥l wst
@ HSV-14] sl o & gujelsjrgae 4
ERQleh. =g v A o} vigAle] g5 5 Anjol g
2FWE v w3 v A URE @ ECE Y
Bl CCxhu BlmA w3, WiZAE vl23
E2 ECy®t 22 AXEAE Velllo] SIE v &3

TF9 Fgslu o]l HAFHRE JeP) A v F A
7t 9 £ 295 e

ol 4] ABZAIANA flavonoid A5 FE7}
F7kstel] me} Vero AlEoA 2] HSV-13 HSV-
29| F4E &FAER R AL, HlolYgx
€ Vero Al X FHAI7] ¥ AI5E A4S 0
glolgl 29 F4lo] AAHE Aoz Hol flavo-
noide 37 2uloleixe] AFEU A9 BA)E <
Agtes Aoz 2189t Flavonoide #ulold]
2 ZE71H o B AFE e 931H, Mucsi®
Pragai™& flavonoid7} M1 ¥ cAMPe] 48 =
THNZ e 2A ulelH 28RS JYERIdn BEn
% ©} 913, Ishitsuka %€ picornavirus®l
uncoating®] 2% E4F A Fo2N ulo
H2EAE Jehdda sgen, Superti &
4,6-dichloroflavan, isoflavan® isoflavene
EAE vl art FA3e B vlol# 2o
F4g dAFoZMN hepatitis A HiolH273h |
e dAZHE JIAE Ao 2 Budl v Qo) &
# Cutting %2 benzpyrone nucleuss} 3u}
ol 2EAE JUehled oA BzHolgln B
234t 23y ol4 flavonoidZt dutelH AR
IE Vel = @Qﬂ 7178& gaAA g2 JloH
Ok A AL B AFTAFANAME B F YKol
=L ﬂavon01d7} M EWoA uHlo]g] A9 EAZ
AR & slvk= Zelth. ®EJ naringenine
HSV-1¢] sl SI7F 19.12 713 $<53 Jsla~
vlo] 285 eI ov, HSV-2¢] diaixe
hesperetin®] SI7} 9.824 744 248 312
Bt} ol 4% flavonoid?}t HSV-1 %
HSV-29] thl gulelg] 28397} M2 O & + 9
=& BAFP o, ojgjdt Ao 55 nlo|z) 29
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strain 9] fAA} A Go] M2 ThEHA 2= &
/3¢ ztololA 7IQlskE Ao 2 AteE
o]tel A¥ZANE n&A3te] E ul naringenin
7} hespereting H| %3 +%9] flavonoide 33
¥ sutolg 2 G4 EZolg AlRE T
4 2
1. 12% flavonoide] HSV-1 ¥ HSV-29] Vero
A3 ol xe] F2ol] e AAEANE AIFS A7
$FelZA 0 2 plaque A0l AAEAUCH
2. HSV-14l e 7174 3 3] g 2anfolz
EHE Ve AL naringenin® & CCye 145.3
ug/miels, ECse= 7.6 ug/mlZE SI7F 19.1019,
HSV-2¢ll disf 718 3 33is|anlole 283}
2 Yl A& hesperetin® 2 CCye 217.2 ug/
mle] i, ECyt= 22.2 ug/mlZ Sl 9.801Att.
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