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Antiherpetic Activities of Natural Quercetin Alone and
in Combinations with Nucleoside Antiherpetic Agents

Young-So Kim and Seong-Sun Han*
College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea

Abstract—In order to find less toxic antiherpetic agents, the effect of natural
quercetin on the plaque formation of herpes simplex virus type 1 (HSV-1) and
type 2 (HSV-2) was studied in vitro in cell culture monolayers employing the tech-
nique of viral plaque reduction assay. Quercetin caused a concentration-depen-
dent reduction in the plaque formation of herpesviruses. It also exhibited more po-
tent antiherpetic activity on HSV-1 with effective concentration (ECs) of 18.7 ug/ml
than on HSV-2 with ECy, of 24.5 pg/ml. The combined antiherpetic effects of quer-
cetin with nucleoside antiherpetic agents, acyclovir and vidarabine, were ex-
amined on the multiplication of these two strains of herpesviruses in Vero cells by
the combination assay. The results of combination assay were evaluated by the
combination index (CI) that was calculated by the multiple drug effect analysis.
The combinations of quercetin with acyclovir on HSV-1 and HSV-2 showed more
potent synergism with Cl values of 0.19~0.89 for 50%, 70%, 90% effective levels
than those with vidarabine with CI values of 0.43~1.46.

Key words —Quercetin: herpes simplex virus: plaque reduction assay: com-
bination index (CD.

Quercetin(3,3",4".5, 7-pentahydroxy-
flavone) @5 L& WiBAHZ A EA ] d] &
¥ & flavonoid 24 2AE #7428 = Hkaks)
AR 2, Fae, o838 5o A
< 7R3 Ak

Herpesvirus= #A herpes simplex virus
type 1(HSV-D# type 2(HSV-2), varicella zos-
ter virus(VZV), cytomegalovirus(CMV), Eps-
tein-Barr virus(EBV), human herpes virus-
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6(HHV-6), HHV-7 o] &34 glow vheket A
He fdstn FEAdEe] sle o] SHoH
HSV-13 HSV-27} tHEAQ nlo|z| 2ot} @A
g e r AHLET Qe FEFableld A2 e
acyclovir(ACV), penciclovir(PCV), ganciclovir
(DHPG), idoxuridine(IDU), vidarabine(ara-
A) 59 nucleoside §=H %} foscarnet 59
pyrophosphate =47} 3ith.
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EE 7HEAE 4F 5 3, B4S ARA7H
WAFEFS 8L AT £ Aol o4 A7 2

Quercetin®] uloleAZ & AT AFRE
Cutting $%°] quercetin, quercitrin® rutine]
mouse?| rabies virus g el EH%M qutass
Ztettn BE33dl8l3, Beladi &
morin, luteolin 2 fisetin —o—°] pseudorabies
virusel tigte] gufolg| 2zhgo] glrkn SFRTH
=3 Ono Y& quercetin, baicaleing H|£3%
4%9] flavonoid”} reverse transcriptase(RT)
E JAIge 24 human immunodeficiency vir-
us(HIV)$}+ Rauscher murine leukemia virus
(RLV)©ll 943 @4 & ztetia B3ty

Quercetin¥} dulo]g 2A) 9o & E 3o #T
A7Z Musci 5% herpes simplex virus
type 13} pseudorabies virusel| W& querce-
tin¥} 5-ethyl-2'-deoxyuridine®] #8835,
Veckenstedt 5”& mouse? mengo virus 2+
g @ quercetin® murine alpha 2 beta
interferon®] ¥4 E#E B3ttt

ole] ATETE EURE vl FHA
¥ 5o e A3 Sophora japonicadlX quer-
cetin® @2 8led HSV-1, HSV-2¢] th& &3ju) 2~
gle]#l A §3& plaque reduction assayel W
2} 23383 nucleosideA &3]3 xnlo]# 24l
acyclovir ¥ vidarabine@e] &A1 H& AA|3t

Atk

< quercetin,

e Y

AHINZ - Quercetine # & Sophora japon-
icadlA & ruting 7lFEEd dAn
dimethyl sulfoxide(DMSO)9 &3l3le] A=
AH3tRTH DMSO=® Hiol# 2 F4o 13 d3
o] gl T=oAM AHEEA L HEAF S HABIA
o}, J3te AFAIWANA P8t FENSw o}
e o] AE mpe] A S Wol AL, B

FL FEYgm e E njAETmA EHH
of ic},
A2k ¥ 7|7]-Eagle’s minimum essential

medium(EMEM), fetal bovine serum(FBS),
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trypsin, penicillin G, streptomycin, ampho-
tericin B¥ Gibco BRL Co., 3-(4,5-dimethyl-
thiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT), crystal violet, 3-((2-hydroxye-
thoxy) methyl) guanine(acyclovir), adenine
9-B-D-arabinofuranoside(vidarabine) &
Sigma Co., dimethyl sulfoxide(DMSO)+ Te-
dia Co. AFEE AHE39 Y. F2= 33 flsto
EIA reader(Molecular Device)& AH&-8HL,
A Zuj ke CO, incubator(Vision)E, @vl78<
inverted microscope(Nikon)E, plaques 7l
212 plaque viewer(Bellco) & 27} A3 T

ME 9 "oiyA-&FHAEE Vero A E(Kid-
ney, African Green Monkey, Cerocopith-
ecus aethiops) ATCC CCL81&, Al@uleo|e] 2
£ herpes simplex virus type 1(F strain)
ATCC VR-733%} herpes simplex virus type
2(G strain) ATCC VR-7348 4183t} Vero
A ZE 10% heat inactivated(56°C, 30 min) FBS,
penicillin G, streptomycin ® amphotericin
B7} 38" EMEM2E 37T, 5% CO, incuba-
toroll A vjsle] Al-g389m HSV-13 HSV-2&=
MOIl(multiplicity of infection)7t 0.01 pfu/
celle] H2E 243 ulo|2]2W-8 Vero M EellA]
vjokel & ulolg] 9] 97}& plaque reduction
assay’ & &3 3lo] 70T o)slollA BAte] ALE
sttt

NEZESMAIY - £FA 320 gt 542 Vero Al
¥(3.5x10* cells/well) Z 96 well platec] &3}
3L 5% CO,, 37ColA 24412k Bl et A xdES
de & 10% heat inactivated FBSE /3
EMEMS.2 Al8& H2%s %7} 500 pg/ml, S8
2E29 acyclovir$t vidarabine2 1,000 pg/ml
7t 922 2A% oS, 6GAZ w3548t 100
pl¥ B33l 48412 #lgsted MTT reduction
assay” w2} A8 tt. EIA reader® 570 nmel
A FF=E =35k 50% cytotoxic concen-
tration(CCs) 9 #& AlAI3IEAT

EHIOIHAAE - g3 g 2uto]l e 2FFHE
plaque reduction assay”l wa} Al@stct.
Vero AE(5x10° cells/wel)E 24 well platec]
BF313 5% CO, 37T AXGES 4T
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AEHSS PBSZ Al 3sta oF 150 pfu/wellE 2]
A3 vlold 2 gHE FFdn AX] FHHYES
147 s T, 1, 10, 20, 30 2 40 pg/mle
ZA| % quercetin® 1% agarg &-#3 EMEME
7tk ¥ plaquee] B2 W74 wieFstg e}, Pla-
que°] A agar overlay medium< o
1 5% formalin-PBSE AX& 1AAZ & 0.1
% crystal violet 2.2 943} plaque FE
AAT. Plaque $& T ¥)wsdle] vl
o] F2& 50%, 70%, 90%7HA] AAA7)+= quer-
cetin®] ¥X=<l 50% effective concentration
(ECs), ECrp & ECyZ T3l1 selectivity in-
dex(SD & &3] 2nto|H 25 7E B8}

HEAIE - B892 Tachedjian'”e “d
et A et} Vero Al E(5X10° cells/well) &
24 well plated] B53}31 5% CO,, 37T 2
st AXGEEE A F, & 150 pfu/well2
3| A3 nlo| Ag NG HF vlo|H AT N Z] &
A7 F o] w3kt Quercetin 1~40 pg/
ml, acyclovire 0.05~2.00 pg/ml, vidarab-
ine& 0.25~10.00 pg/m1s} = AWAA que-
rcetin® acyclovire 20:1, quercetin® vid-
arabine 4:19] F&xH|&o| HEE EFEAF
%, plaque°®] A2 w7lx) 5% CO, 37CelA
HeFslArt. Plaqueol ¥4 H agar overlay me-
dium$ A A3 5% formalin-PBSE A ¥E 11
21711 0.1% crystal violet 2d o2 a3 =
A€ plaque & ATH.

Alg2dnel 24 - 21843+ Choust Talalay™
9] multiple drug effect analysisel] &} £43}
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St} Aate 2T vlasle] F49 JArt o
e HEQl affected fraction(f(a))d] whak
combination index (CDE A%, A7 R 258

H= B sk
g2

S| O AHIO|HA &3t - Quercetin®] HSV-13}
HSV-2¢l i@t sl znto|2{~83E plaque
reduction assay @ MTT reduction assay®l
we} 3% 27= Table 13+ 2t} Querceting
Vero AEo] thdt CCsxiz 89.8 ug/mlojl o,
HSV-13} HSV-2ol sl §-Fe]EH 0 E plaque
YA A 390t Plaque 8 tlxa3 vlwst
o ulelg] 29l E42 50%, 70%, 90%7FA] GA|A]
7% quercetin®] %2 50% effective con-
centration(ECs), ECy 2 ECy= HSV-10f i3}
&} 18.7pg/ml. 26.6pg/ml 34.5 pg/mlE,
HSV-2¢) th&te] 24.5 ug/ml, 38.7 pg/ml, 52.7
ng/mie 22 eriit. & quercetin® HSV-
19 tha) o] F&& ECyE YERHRIT. SIE HSV-
1o thsh 4.8, HSV-2¢l dial] 3.7& Jergdozs
HSV-1¢ll tisfl ©f -3¢ sl 2ntols2: E3&
eERA AT

HESH

HSV-12| quercetin2t acyclovir % vidar-
abine - Quercetin® acyclovir ¥ vidarabine
sto] A Vero Al ¥o]4 HSV-19] plaque &
Aol 3 I8 Fig. 13 2tk dEAEA qu-
erceting 30 ug/mle] Fx=A 52%, acyclovir

Table I. Antiherpetic activities of quercetin by plaque reduction assay

b
Samples Viruses CCs* EC” (bg/m) SI°
ECsy ECx ECy

Quercetin HSV-1 89.8 18.7 26.6 345 4.8
HSV-2 89.8 24.5 38.7 52.7 3.7

Acyclovir HSV-1 913.7 1.7 2.4 3.1 5375
HSV-2 913.7 0.5 0.9 1.3 1827.4

Vidarabine HSV-1 117.6 6.2 8.6 11.0 19.0
HSV-2 117.6 5.5 8.6 11.6 21.4

*50% cytotoxic concentration (CCy) is the concentration of the 50% cytotoxic effect. *Effective con-
centration (EC) is the concentration of quercetin required to reduce plaque formation of virus by 50%,

70%, and 90%. “Selectivity index (SI) =CCs/ECs,.
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Fig. 1. Inhibitory effect of plaque formation of
herpes simplex virus type 1 in Vero cells by
quercetin and antiherpetic agents alone, and
their combination at a fixed ratio. Results are
expressed as percent with respect to virus con-
trol (VC) group. Each value is the mean+S.D.
of quadruplicate determinations.

< 1.50 pg/mle] FZolA 57%2 plaque3dy 9
A&H}E BYoL} o] T BAL WEA plaqued
A AL L 971%2 45U BF 7.5 pg/mle]
FEA vidarabined HWEA] A &L 80% =
vidarabine SEAeAl9] 70% Hth A5sAT).
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Fig. 2. Cl values for combinations of quercetin
with acyclovir and vidarabine on herpes sim-
plex virus type 1 corresponding to affected frac-
tion f(a) ranging from 0.05 to 0.95. CI values
were calculated under both mutually exclusive
(®) and mutually nonexclusive(0) assumptions.

Fig. 1ol et Z3E median-effect equa-
tiono 2 1] loglconcentration)el =3l log
((f(a)™1)"'9] #& A4 23} median-effect

Table IL. Median effective concentrations and CI values of combinations of quercetin with acyclovir and
vidarabine on the plaque formation of herpes simplex virus type 1 in Vero cells

Parameters® Cl at f(a) of :"
Drugs
m ECs (ug/ml) r 0.50 0.70 0.90

Ruercetin 0.95 22.19 0.82

Acyclovir 0.89 1.48 0.93

Vidarabine 0.68 2.26 0.85

Quercetin/Acyclovir (20:1) 1.55 6.71 0.88 0.50(0.57) 0.35(0.38) 0.19(0.20)
Quercetin/Vidarabine (4:1) 0.82 9.44 0.78 1.18(1.46) 1.07(1.33) 0.97(1.21)

’m is the slope, ECs is the median effective concentration, and r is the correlation coefficient as det-
ermined from the median-effect plot. "CI(1, synergism: Cl=1. additive effect: C1, 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 ex-
clusive and mutually nonexclusive (numbers in parentheses) assumptions.
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plote. 258 ZA ¥ parameterE Table IIo] 1}
ERRIT. HSV-19 quercetin® acyclovir 2
vidarabineS 839 o f(a)o] W& (I val-
uex Fig. 29 2t} Quercetin® acyclovir H&
Al Cl value® f(a)7} 050914 0.90A0] 21 FEE
= MM 0.19~0.579 & el vid-
arabine¥¢] W&A|o& 0.97~1.46% ey}
< quercetin® acyclovirgle] ¥ 4& J&gve
HEen, vidarabine#o] W4Ht} o 92
o HLEHE YT

HSV-29] quercetint acyclovir 2! vidara-
bine - Quercetin® acyclovir 2 vidarabine®
o] WA Vero Al Eo) 4 HSV-29] plaque B4
W G Fig. 37 2tk @=4A] querce-
tin& 20 ng/mlel F=A 40%. acyclovire
0.50 pg/mle] F=olX 83%2] plaquedA A
NS Bov o ¥ BFE WeAIA pla-
quedd JA &2 89% 2 ASHUTH EE 7.50
Hg/ml®] FE)A vidarabined] ¥ &4 A&
76% = vidarabine ©Ex2)A| 9] 61% Bt} 443}
ATt Fig. 3¢ Vbt 232 median-effect equa-
tion© 2 uHre] loglconcentration)ol Wal log
((f@) 179} g& A4 A3 median-effect
plote 258 ZA ¥ parameterE Table Ili¢] 1}
ERARITE. HSV-2¢l quercetin} acyclovir 2
vidarabine& WE43HE o fla)d] wWE (]
valuew quercetin® acyclovir B-8A] f(a)7}
0.50914 0.90At0]1Q) FEE% HYulolM 0.61~
0.899] <& UElda, vidarabine®e] H&A)
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Cl value® FEZT HAWIA 0.43~1.428 Y
Bt &, quercetin® acyclovirehe] ¥ &£ 4
$%44< vidarabine¥e] ¥g& BEH 42
T A7HHE-E JEI® acyclovirgte] ¥ -go]
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Fig. 3. Inhibitory effect of plaque formation of
herpes simplex virus type 2 in Vero cells by
quercetin and antiherpetic agents alone, and
their combination at a fixed ratio. Results are
expressed as percent with respect to virus con-
trol (VC) group. Each value is the mean+S.D.
of quadruplicate determinations.

Table IIL. Median effective concentrations and CI values of combinations of quercetin with acyclovir and
vidarabine on the plaque formation of herpes simplex virus type 2 in Vero cells

Parameters® CI at f(a) of :®
Drugs
m ECs (ng/ml) r 0.50 0.70 0.90

Quercetin 0.87 21.91 0.91

Acyclovir 1.23 0.24 0.96

Vidarabine 0.98 418 0.88

Quercetin/Acyclovir (20:1) 1.35 3.28 0.88 0.79(0.89) 0.71(0.77) 0.61(0.65)
Quercetin/Vidarabine (4:1) 1.56 13.22 0.85 1.12(1.42) 0.77(0.92) 0.43(0.48)

°m is the slope, ECy, is the median effective concentration, and r is the correlation coefficient as det-
ermined from the median-effect plot. "CI{1, synergism: Cl=1, additive effect; CI)1, 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 Cl at a 50% reduction of activity). CI values were determined under both mutually ex-
clusive and mutually nonexclusive (numbers in parentheses) assumptions.
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A& Sophora joponicaZ¥¥ %, w3t
quercetin®] ¥&|Fxnlolgix FHE plaque
reduction assay°l @&t 3% A7 HSV-100
g ECy= 18.7 ng/miE, ECy € ECq= Z2t
26.6 ng/ml, 34.5 ug/mlE eI HSV-2¢
N3 ECye 24.5 pg/mlE, ECy 2 ECy= 38.7
ng/ml 2 52.7 pg/mlE Vel en gekoza
22 plaque®3AS JABIATE. MTT reduction
assay®l 9@ Vero celld] t& quercetin® Al
EEALZ CCy7t 89.8 ng/mlel™, Sl value(CCsy/
ECs) & HSV-1el thajA = 4.80)51 HSV-2¢ tf
A& 3.7 Ydepigezz HSV-1d &l ¥ $
g gslv| ntolEl 2 ZAE YeRAIT ol& T
£ 71&9 Fulolg 24 Brke @2 Slvalued Y
Bl R OoZ querceting Hlad F& AEEAC
719038 A S & = Ut YekF 2.2 flavonoidE
T lymphocyte® ®l 23 ZZujgE F2A FE
A= FHE YERAT A Z in vivodl A
flavonoid7} ZtellA] diAt=]e] Ao 45| o
oo, ratg Y L& & APoNA LDy 2~10g
< Yehi E4o] vleksittn Rl glemg’?
Aol gl A EAZE HA g Aem 4
Zrgr,

Quercetin®] ¥ulojR 2 287 A AT
2, Musci® Pragai®& quercetin®] cAMP phos-
phodiesterase® A5t MEW cAMP] 4&
S7IZ L2 ghloly 2898 Yeldoa 8y
2, Kaul® %€ quercetino| Hlo]2| A9} 17}y
Aoz A3tsle] Hiolgjx] A& A 3t
& quercetin-virus complexg A5l uholy
20 Zrg 3 BA & AR vty Basigeh, 23y
quercetin®] 2% gulolHA HEr1H L o}y
HEAA] gsgkon tigk B JFERME B 5
=] quercetin} 22 flavonoid7} Al Eujell A
Htol 2 28] F2-& A& 4= rhe Rolt}.

HZ ¥ Fo| g3 antolg A S, A3H
o2 AMEHEA o antole Al X8 g
714 &A@e] Aoy, dA HA7)5o] Astd
Bt A ol 2ol WAL HSVZ} wi$- vl s}
A B2 3 v} wEkA gutolaAe] R4S
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gk W aFe] $d S gAen, 9559
AT A5 EIAE L] 8] AR T-E guloly
2 271 E e A E FAIFA e HEF
Holl #¢ B Aol JFE 2 it

£ A7dA HAAIF quercetin® nucleosided]
3] g 2nto]# 2419 acyclovir ¥ vidarbineZ}
o] WeAg A, HSV-19] thsiAl acycloviret
WEAl ClI value7t 0.19~0.898, vidarabine®
B&Ald = 0.42~1.46€ eI, HSV-2¢ o]
#HAHE acyclovirst #HEA 0.61~0.89E,
vidarabine# W &Alol= 0.43~1.428 Jehfo]
FE GEFJA BTt HSV-12F HSV-29] &4 & o
ZFHAl QAT & quercetin® acyclovir®]
H8-& HSV-1 &€ HSV-29 w3l CI values’t f
(a) tR-Ee] YgelA 1.080} 2 3he Vel of
FoiN7t AEHY A, vidarabine#e] B4
HSV-1 € HSV-2¢l dls)] acyclovirele] HEA R
o} o B f(a)dA 125 & Cl valuesE VER]
Aot 2¥=ER HSV-13 HSV-2¢] tid quer-
cetin® acyclovird] ¥4< vidarabinez9]
SAET o ¢ AsEAL dva B = )
Acyclovirét quercetin® A$3-gd o3
Musci 5%& A ZuelA Hiol2l2e] DNA poly-
meraseE A3t Futold 224-& YEhfE
acyclovir$} quercetin®] #-87]de] M2 Fo]3}
7] W& Aea-go] vepdtta sttt ¥ 85
Al, HSV-13 HSV-2 2% thalA acyclovirst
9 #&ol H T ASEAE EQA He

_acyclovir 2 vidarabine® 2%¢] & 3 xujolg{ 2

Atoldll = ZpAd ol bol7t 9, 718 33 v An)o)
2249} flavonoidd HEA] AE & So|&A
2 AT H weh 1 HEaTs gEA Jeid
F 9% HojFE o},

£ A9 A9e 9 ulo]H A HEAH
A7l 753 A8 E Aoz AR}

a4 £

1. Quercetin® HSV-1 2 HSV-29] Vero Al X
Wollxe] F24e i JARHE AT A,
HSV-1¢] tig ECsx= 18.7 pg/mlolx SIE 4.8
£, HSV-2¢l] 3k ECyoe 24.5 pg/mlel it SlE 3.7



Vol. 30, No. 2, 1999

S Ve e 39 EH 0 plaqued AL A
stlem HSV-19 diel o $4:3 312 29t}
2. Quercetin® nucleosider] 331 xnjo]y
24l acyclovir 2 vidarabine¥}¢] #&A1€ 2
3}, HSV-1ol] t8iA] acyclovirst ¥-&4] CI val-
ueZ} 0.19~0.57%, vidarabine}o] ¥ &A]d&
0.97~1.46< JeElln HSV-2¢ thsiAe
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&A= 0.43~1.428 Yehi9le B2 acyclo-
virete] W&o ¥ 958 A5 a 92 Yehiot
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