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Abstract — In order to find less toxic antiherpetic agents, antiviral activities of quercitrin against two strains of
pathogenic viruses such as herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) were determined in Vero
cells using plaque reduction assay in virro. Quercitrin showed a concentration-dependent decrease in plaque
formation of HSV-1 and HSV-2. It also exhibited more potent antiherpetic activity on HSV-1 with 50% effec-
tive concentration (ECs,) of 20.4 pg/ml than on HSV-2 with EC;; of 30.4 ug/ml. The combined antiherpetic
effects of quercitrin with nucleoside antiherpetic agents, acyclovir and vidarabine, were examined on the mul-
tiplication of these two strains of herpesviruses in Vero cells by the combination assay. The results of combina-
tion assay were evaluated by the combination index (CI) that was calculated by the multiple drug effect
analysis. The combinations of quercitrin with acyclovir and vidarabine on HSV-1 showed more potent syner-
gism with CI values of 0.27~0.81 for 50%, 70%, 90% effective levels than those on HSV-2 with CI values of
1.03~2.20.
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9 rabies virus ¥

sEAE HEA ¥ Tk flavonoid®A A
Ashhe, AR, olaabs, Eag4ee B o
okt e @AE 71X T ¢Jvk(Willaman, 1955).

Herpesvirus® herpes simplex virus type 1(HSV-1)¥
type 2(HSV-2),
virus(CMYV), Epstein-Barr virus(EBV), human herpes virus
-6(HHV-6), HHV-7 5 7&0]m ¢]% HSV-134 HSV-27}
Azl nlo|zele. HA YR AN gl 3
& 1] 2~vh o] H A A 3= acyclovir(ACV), penciclovir(PCV),
ganciclovir(DHPG), idoxuridine(IDU), vidarabine(ara-A)
=9 nucleosided] =4} foscarnet 52] pyrophosphate
F=A4 So] 2lvh(Mindel, 1989).

Quercitrin®] Fulol2Ele] A3 G4+ mouse?]

varicella zoster virus(VZV), cytomegalo-
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Waled HEA7} Qlrtr ¥ uEg]ew (Cutiing 5, 1949),
quercitrin®] B]TAIQl quercetin®] 3elolwi~zhgol] T3k
A= pseudorabies viruse]l HE dhlo]w A28 (Beladi
£, 1997), human immunodeficiency virus(HIV)SF Rau-
scher murine leukemia virus(RLV)ell tigl &hato]z|2a}t
40] RIEHTHO0no 5, 1990). H-4-E el A5} A7
HSV-13} pseudorabies virusell =43} quercetin?} 5-ethyl-
2'-deoxyuridine®] &I (Musci 5, 1984), mouse]
mengo virus 7ol ™8t quercetin®} murine alpha &
beta interferon®te] =4 F 3| sl HTF ¥} ¢lv}
(Veckenstedt 5, 1987).

oAke] drE g F3eE FAE BHE o] fEvi
o ZW3A HxFe] 9l w|NE] Indigofera kirilowii
Max2] YellM quercitriny w2]dled HSV-13} HSV-2¢
gk 3}sju]Anle]ld) A EAE plaque reduction assayel]
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el &8k nucleosided] 3He|¥]Anlelz|AAlel acy-
clovir 2 vidarabineZ}2] WEA & AAIgled 1 A=
H7)sg e},

NELIE

ME H A

Quercitrine ®WR|A=] Indigofera kirilowii Max.2] 3l
A FE delshe] Add] AMETE Eagle's minimum
essentlal medium(EMEM), fetal bovine serum(FBS),
trypsin, penicillin G, streptomycin, amphotericin B3>
Gibco BRL Co., 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenylte-
trazolium bromide(MTT), crystal violet, 9-[(2-hydroxyetho-
xyymethyl] guanine(acyclovir), adenine 9-B-D-arabinofur-
anoside(vidarabiney= Sigma Co. &2 AL&slgdet.

MZ 2 HiojHA&

ST EE Vero M F(Kidney, African Green Mon-
key, Cerocopithecus aethiops) ATCC CCL81Z-, A|gu}e]
Bl herpes simplex virus type 1(F strain) ATCC VR-
73344 herpes simplex virus type 2(G strain) ATCC VR-
7348 AHg-siodet.
MZSHAIE

A ol 3 B4 Vero A FE(3.5X 104 cells/well)

= 96 well platee] & a}_L 5% CO,, 37°Col|A] 247]7F
wfeksle) MEREE 42 F, FeE 500 ug/mie] A%
= AR wigEAEle] 100 pg/mi¥ EFERT 484]7F Hl
°J-6']-°~1 MTT reduction assay(Scubiero, 1988)¢] uwlz} A|
3}t ELISA reader® 570 nmel| A T2 &35
50% cytotoxic concentration (CCsp)2] k& A8l
B0 HAAIE

g)#| v 2nto] 3~ E = plaque reduction assayel] whe}
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pfwwellZ A3} vlo]2gol-S AHEFIT A2 FAH
=2 1AzE wfeksk o, 1, 10, 20, 30 'E 40 ug/mi
quercitrin} 1% agar® -3t EMEMZ 718 F plaque
o] HAE wi7px] wiekslsiv). Plaquee] HAIHT agar
overlay mediumg @i 5% formalin-PBSE A|*&E
A7l F, 0.1% crystal Violet o o Wsle
plaque 5 A|¢l=}. Plaque 8 W&y} B|alsle] wlo]
2~ 2218 50%, 70%, 9 0%77]-1] A A7 quercitrin
9] =9 50% effective concentration(ECsp), EC,, =
ECy5 T3 selectivity index (SDE &5 An}o]a i
EFNE sl
HEAE

8- F7 Tachedjian 5-(1992)2] Hbel| wie} A|&ds)
grk. Vero A EGBX10° cells/wellyE 24 well plates]
FBIL 5% CO,, 37°ColA wieele] HEREE
¥, 9F 150 pfw/well2. A vlo| g8 HE HiolE
A5 A Ee EFAAF F o wiekstgde}t. Quercitrin
1~40 ug/ml, acyclovirs 0.05~2.00 ug/ml, vidarabine<-
0.25~10.00 ug/mi®] =AM quercitrin?} acyclovir
= 20:1, quercitrin®} vidarabine2 4:12] HFXH|EE. ZA|
slod plaquee] HAE W7ER] 5% CO,, 37°CellA] wjeks}
9}t Plaquee] #AEH agar overlay mediums A A5}
I 5% formalin-PBSE A ZE _1__'74/\]7]31 0.1% crystal
violet -8} 22 G5 F plaque & A%
Algzue £

A E A= Choust Talalay(1984)2] multiple drug
effect analysisoll e} 25}, o273 B isle] 54
9] A7} dolrf= A %] affected fraction (fla)el] o=k
combination index (CDE A8 Abrlga) 9 Z3)da
2 P

Al@stg et (Langford 5, 1981). Vero AZE(5X10° cells/ Agdn
welhE 24 well plates]] £F3}T 5% CO,, 37°CelAl A
FrreS 23 AXDES PBSE AHsSaL oF 150 shufole{ 257t
Table I. Antiherpetic activities of quercitrin by plaque reduction assay
b
Sample Virus CC3,y (Lg/ml) EC g/l SI¢
ECs, ECy ECyq
Quercitrin HSV-1 130.8 204 26.5 35.5 6.4
HSV-2 130.8 304 46.7 63.2 4.3
Acyclovir HSV-1 913.7 1.7 2.4 3.1 537.5
HSV-2 913.7 0.5 0.9 1.3 18274
HSV-2 117.6 55 8.6 11.6 214

250% cytotoxicity concentration (CCsy) is the concentration of the 50% cytotoxic effect.
bEffective concentration (EC) is the concentration of quercitrin required to reduce plaque formation of virus by 50%, 70%. and 90%.

¢Selectivity Index (8I) = CC,, /ECs,
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Quercitring] HSV-13} HSV-2¢]] djgk 3+3] %] 2mfo]e]
Z7E plaque reduction assay W MTT reduction assay
of wel 243 AHAE Table 13 2o Quercitrin®
Vero M Ee] HE CCyy& 130.80]91.27, HSV-1, HSV-2
off e §=kEH2E plaqueB S HAA K. Plaque
T5 HE2F w|aste] vlelEae] FAL 50%, 70%,
90%71A] HA|A7]= quercitrin®] ¥EQ] 50% effective
concentration (ECsy), ECyy ¥ ECy® AIHE® HSV-1
o e 204 ugml, 26.5pgml F 355 pg/mlE,
HSV-2¢]l 8= 304 ug/ml, 46.7 pg/ml % 63.2 ug/ml
E 7 veRYch & quercitring HSV-2ET} HSV-19]]
A& o &G ECys Wbl =3t HSV-19) SE=
64%F, HSV-22] SK= 43% vepdozs HSV-1¢] w3
gt sl s nte|H2E NS viel gl
HWES T}

HSV-12] quercitrin?} acyclovir ¥ vidarabine

Quercitrin® acyclovir 2 vidarabine#}2] *-£A] Vero
AEANA HSV-1¢] & &= Fig 15 22w AbeEs)
2 WA 2= 2A] quercitin 20 pg/mle] FEo]]
A 45%, acyclovire 1.00 ug/mle] el 35%2] pla-
quedidl JAIEAE Byt o] F EAS w44 plaque
B A& 91%2. AFHAR. 7.5 pgmle] FEelA
vidarabine®] ¥$-A] HA1EL 91%2 vidarabine 53]
Al 67% ¥} AbEdldch Fg 1¢) Jelhd d3E
median-effect equation -2 ¥}o] log[concentration] il
N3l log[(f(a) -1 T& A4akgr 23 median-effect
plot®- 25 e ZAAH parameterE Table Il Fepfgiet.
HSV-1l] quercitrin®} acyclovir 3 vidarabineg ¥-84-3}93
2 o f(a)el TWE CI value= Fig. 28 2T} Quercitrin
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Fig. 1. Inhibitory effect of plaque formation of herpes simplex
virus type 1 in Vero cells by quercitrin, acyclovir(A) and vid-
arabine(B) alone, and their combination at a fixed ratio. Results
are expressed as percent with respect to virus control (VC)
group. Each value is the mean®S.D. of quadrplicate
determinations.

2} acyclovire}e] WAl CI value: f(a)”} 0.500041 0.90
Abolel fEET WL el 027-0.812) S Vel T,

Table XM. Median effective concentrations and CI values of combinations of quercitrin with acyclovir and vidarabine on the plaque

formation of herpes simplex virus type 1 and type 2 in Vero cells.

. Parameters® CI at f(a) of®
Virus Drug
m ECsy(ug/ml) r 0.50 0.70 0.90

Quercitrin 0.96 10.32 0.77

Acyclovir 0.79 1.58 0.87

HSV-1 Vidarabine 1.19 4.60 0.93
Quercitrin/Acyclovir(20:1) 1.53 5.81 0.97 0.71(0.81) 0.49(0.53) 0.27(0.28)
Quercitrin/Vidarabine(4:1) 1.03 4.09 0.98 0.49(0.55) 0.50(0.56)  0.51(0.57)

Quercitrin 0.77 29.74 0.98

Acyclovir 1.16 0.25 0.98

HSV-2 Vidarabine 1.00 4.17 0.88
Quercitrin/Acyclovir(20:1) 1.18 5.19 0.97 1.15(1.32) 1.091.20)  1.03(1.09)
Quercirin/Vidarabine(4: 1) 1.07 21.71 0.86 1.61(2.20) 1.40(1.80)  1.15(1.37)

m is the slope, ECs, is the median effective concentration, and r is the correlation coefficient as determined from the median-effect

plot.

bCI«1, synergism; CI>1, additive effect; CIf21, antagonism. f(a) is a component of the median-effect equation referring to the fraction of
the system affected(e.g., 0.5 means the CI at a 50% reduction of activity). CI values were determined under both mutually exclusive and

rmutually nonexclusive(numbers in parentheses) assumptions.
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Fig. 2. CI values for combinations of quercitrin with acyclo-
vir(A) and vidarabine(B) on herpes simplex virus type 1
corresponding to affected fraction [(a) ranging from 0.05 to
0.95. CI values were calculated under both mutually exclusive
(@) and nonexclusive(O) assumptions.

vidarabine®}2] HEA] CI valuer FE%% HevolA
049~057% vletdel. & quercitin®  acyclovir Y
vidarabine#}9] W42 2% AR=FIE Vel
HSV-22] quercitrin®} acyclovir 3 vidarabine
Quercitrin®} acyclovir 2! vidarabine®}2] ‘ﬂﬂ/\] Vero
A EA HSV-29] plaque FAlel WHE od8ke Fig. 3%
2. Quercitrin®}  acyclovir % v1darab1ne—~] LR
HSV-1ellA4 B} whe w88 a7] fawgicl. waw]Al
quercitrin> 10 ug/mi2] =M 35%, acyclovire 0.50
ug/mld] F=oA 59%9] plaqueBAlE IAlElGE vl F
E4E 8] plaquesdd HAlEe] 62%01 2= AbE
ahgo] PEEA] ekokr}. Vidarabinet}e] ¥gAlo) = ARS
2hg-2 AR otk Fig. 3¢l webd Z3E median-
effect equationS.& H[}Fo] og[concentration]e] = 3
log[(f(a)y-11'2] k& A4kt 23 median-effect plot22
28] BA % parameters Table 1o vepHdct, HSV-2
o] quercitrin®} acyclovir & vidarabine2 -83}93-5)
fa)el]l o2 CI valuex quercitrin®} acyclovir®}e] =-4-4]
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Fig. 3. Inhibitory effect of plaque formation of herpes simplex
virus type 2 in Vero cells by quercitrin, acyclovir(A) and
vidarabine(B) alone, and their combination at a fixed ratio.
Results are expressed as percent with respect to virus control
(VC) group. Each value is the mean*S.D. of quadruplicate
determinations.

faylk 0.5004 0.90%}e]”) s HeellA 1.03~1.32
o] Zh& VR, vidarabine}e] ¥E4] FEEE W
oA 1.15~2.20& ‘yeldoh & HSV 2] T8t quercitrin
3} acyclovir % vxdarabme%—f] wae O valuerd 1R}
Z & viehfel HSV-1e0 3k ﬂJHMa%ﬂ 21e) 8o
HSV-2¢] W% Herct o 929 Ao vepdr)

Iz

wn|82] Indigofera kirilowii Max ZHE & d=]g
quercitrin®] 3}& 3] 2~vlo]H 2~ FAE plaque reduction
assayoll Wil Ak A3 HSV-1¢] W BC,Y= 204
pg/mlgd 8™ EC,, ECyi= ZHZF 26.5 pg/ml, 35.5 pg/ml
£ vielblgdrh HSV-20l W8 BCi= 245 ug/mlE,
EC,, 2 ECye 46.7 ugiml, 63.2 pg/mtE ehfigl.er]
feko]FE A 02 plaqued XS GAEAT MIT reduction
assayoll 218F Vero cellel]l ©idF quercitrin®] A FHA]-2
CCsy7t 130.8 pg/mle]™, SI value: HSV-1el #hejre
6.40)3 HSV-2¢l HsiME 438 Vepfglemz HSV-1
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o e} 5 f3l A avlelAATAE vepgict. of
#3 A 7189 gutele A Bris S ST value®
vehdl A2 flavonoide] WA & AEEA 71818}
Zolel AR ETh, YHFH 22 flavonoide T lymphocyte®
¥]23E AplokE FEAE e SAE e A
AZ in vivedllAE flavonoidZ)} ZHlA] eiabEe] Au]el]
FAEA gor atf Fez g AP LDy
2~10 g& viehlie] SAdol niekslna B El wl glome
(Havsteen, 1983) b&iAdel] sleiA 2A) EA7} 5] @&
ez Ayt

T WEe ] aulolEaA7E TP, YAE 2R A}
L5 lz]2ulela]azle] X|Fe) F7]F<] Aol gl

o}, A WHrge] Asld Fxjel|A Futolzl el
49l HSVZE =i-§- uiwsl #RFET g ok (Palmela 5,
1992). welr] Fhjolai g Fal8-8 HAHIA WA
0] ARG AA|Fl, FEFAA R AdEse 471 9
gled M2 o2 gulelaazhE Z)1AE e HE FA
Folshe wWg-Folel] Tk €2 FAle] FFEIGL gl

Quercitrin®] &5 3] Avlo]H A7 Ao #H3 T2
quercitrin®] cAMP phosphodiesteraseS A 3}e] A El
cAMP2] kg FTIAIZ] L EH vielEAE AFET B
2] ¥l glem (Musci®} Pragi, 1985), quercetin] i3t
71Mo 2= quercetin®] HSV-1¢l] W&l virucidal effectS:
2831 glo] mlelEjazhg-S wehisles Hwsgl et
(Putztai 5, 1968), quercitrin®] 23 3Mlo|H A28 7]
AL e olx det.

2 G AXFE quercitrin?} nucleosideA] BlE
Hlo]l &2 Al ¢l acyclovir ¥ vidarabine®#&] ®H-$A1H2
acyclovire} W84 FEFE=HAAA CI value?} 0.27~
0.81%, vidarabines}2] ¥-4-A] 0.49~0.572 Wepi™
FEF A S HSV-19] 4L o Al GAlstao
Acyclovire} flavonoide}e] B-8-X) AR Eal= A Ffjel A
ulo]2}22] DNA polymeraseZ 4Al|5le] ool a4
< UehlE= acyclovir?} flavonoid?] ZH4-7]xle] A2 A
ol8l7] wiFel AEaEhgE EhIEa et (Musci 3§,
1992). ¥-4-A] HSV-1¢]l AsiM 53t AFEARE bl
AL Fu]rmtol]2e] gHpAell Aol7) Sle-S AlAREHE
Zele}t, Acyclovir ¥ vidarabine#}e] 84 Ak, A7H
ZAEENZE WAE = O value® YFEbislE o, quercitrin
# acyclovir @ vidarabine}] =82 HSV-1o] w3 -f
5= Wl CI valuer} 1L.ORH ZRE Zhs webdod
eme ApEIrt FAFY o HSV-2¢0 dsixe 180}
2 ks Vel ael= 2 HSV-14] 93 quercitring}
acyclovir % vidarabine=}e] 8- HSV-2¢ ®l3} = ¢
T8 PR Ve

olAte] AFAAE Fse] £ o) quercitrin 35

—_

ztolel AR APRE TRsS Ak, 7% sl
Sodlolel WA HAgE Hagen ATFe 2l
& A, FEFANET 4SAEE 22 5 A 3
SRR $87 5 9e ACE AREct
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