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Induction of Quinone Reductase and Glutathion S-transferase
in Hepatoma Cells by Cifrus aurantium Linn (Jikak)
Produced in Cheju Island

Mi-Hee Yu and In-Seon Lee'*

Department of Food Science and Technology, School of Natural Science, Keimyung University
'The Center for Traditional Microorganism Resources, Keimyung University

Phase II enzymes are transcriptionally induced by synthetic chemical agents and natural products, and such
induction plays critical roles in protection against chemical carcinogens and other toxic xenobiotics. To discover
natural products for use as cancer chemopreventive agents, the ability of Citrus aurantium Linn (Jikak) to induce
activities of quinone reductase (QR) and glutathione S-transferase (GST) in wild-type murine hepatoma cell line
(Hepa 1c¢lc7) and Ah-receptor-defective mutant of the same cell line (Bprel) was investigated. Hexane and
chloroform fractions of C. aurantium Linn (Jikak) at doses not exhibiting cytotoxicity were effective inducers of
QR (~1.8-fold} and GST (~1.5-fold) in Hepa 1clc7 cells, whereas showed low QR induction potency in Bprcl
cells, which indicates they have weak monofunctional action. Results suggest C. aurantium Linn (Jikak) as

potentially useful cancer chemopreventive agent.
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= 984 3TH3). QRS Fdhe 84 AR2ZE= polycyclic
aromatic hydrocarbons, flavonoids, azo dyes, diphenols, thio-
carbamates, isocyanates, 1,2-dithicl-3-thiones A%< 3HHE 50|
UEA Avhd4,5). ZELt ©]% 3 phase I 40419 =9 ¢
7 phase I &A4A2] 4L FAY FEaies 4
bifunctional inducer® 7314 phase I FAAW A
A&l monofunctional inducer®t F-238F2L UTHG).
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oMz zt vhale] A g2 Ee] guidel Hgt A+t
el FY=HT U} AEAEY QR FETA A &AM
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HZ5 FEolr|o} A|geMe 2 of8NEe] Zoise] &
T7F HE Sl Ao, 2 Sl Asks AhlE, AaF o
AR izt A7E olF kA BaE vt A fle Aotk
s 7L 23kFHRutaceae)d] Edhe 7HEF2 GujzA
F7lakE o] 55T dulg AYR 7, felueiie
Aol A o AANET gith f2vet AFxelA A
e AzZh, FHAL A, A 59 4EFFHE dEHEH F9
N 8] Fof 2|E floW £5& o T YUE FA &
o deA flon, X7k Fortd oabd ke 23 4]
H, 20| gl F2 7Ee] 9AE Ty, U3 2%
St 2R ok, T3 FEels o3k Vitamin C
2} flavonoid, limonoid 2 carotenoid 5¢] %o 1 oH(]2),
o524 AEgA=ARA LA, FJgY, FrtelaiA, g
A E 3RM 59 iAol 4uAa dUti(13-15).
wEA], B dpellie TR AYske Az FiAL
g, Ade] HERE olgdtd e wEE FEES AZ
g g, iEFQ) Pelut @22 YA quinone reductase 2
glutathione S-transferase®] H-=8A4-& A4y ot 35
1R 7leg HEezel Mg 43 712A ARE ARt

Nz o e

Aael Nz ¥ 28

2 HAFe) A% A2 Citrus aurantivm Linn (Jikak)], G-
ZHC. grandis Osbeck (Dangyooja)l, *F[C. sunkin Hort. ex
Tanaka (Sankyul)], *#[C. nippokoreana Tanaka (Chungkyul)]
o] ZEFFH(Table e AFE A PgoaBe T st
AHgslE mA 2 AEE 1w 23] 80% methanold}t E
@ale] 2407 B FA] FEL, olE F 38 WE FE3)
Act 298 oA (Whatman No. 1, Englandy2 A3t 2
3 ogsta BARY =7](R-3000, Buchi, Switzerland)2 %
Z3le] GAARE ¥ F BuUslsiy £ Ay AEE AN
it vee FEES B9 =4 F F4o AE & &
(hexane, chloroform, ethyl acetate, butano)E o]&sle] &=} ¥
8 & 2 FEsly §AAx gdos 4 gujo] iE 2
B8 4

e

M=+ 3 et

B Aol AMgd MEFE= R fe 74 MEFQ
Hepa Iclc7(murine hepatoma cell line), Bprcl(Ah-receptor-
defective mutant of Hepa lcic7 cell line), 17+ F-efe] 7ht
Al3E29] Hep G2(human hepatoma cell) cells 24, o= =
MEF sgloZRE E¢k ¥kom 10% FBS(fetal bovine
serum)} 1% antibiotics(penicillin/streptomycinys 2 719+ MEM
A5 ol &5t 5% CO,7F EAshs 37°C widrlelA 15Y
o 238 Aty viFsta

MEzSY &3

Quinone reductase =8/ 70 ¢4 AEAF FEE 4
al7] 91k 7k AR AESAEL Green F(16)2] e &
3k MTT(3-(4.5-dimethyl-thiazol-2-y1)-2,5-diphenyltetrazoliumbro-
mide) assayE HAEte] FASET. WA wget MES 04%
trypan blue GAHOZ MEFE ZHT F 1X10" cells/well]
S5 96-well microtiter plate®] 7 wellel] 200 uL¥ 352
A7 Wik F A AAT ol7]e] A Ze MEMHR]

Table 1. Citrus used in this study

Citrus Scientific name

A| 2} Citrus aurantium Linn (Jikak)

38-x} Citrus grandis Osbeck (Dangyooja)

Ay Citrus sunkin Hort. ex Tanaka (Sankyul)
A= Citrus nippokoreana Tanaka (Chungkyul)

200 plell 39 s AEE 7t wellel Ertslsith AlE7F H
7He vjekelollA] 48717k ikRE 3, MTT(5S mg/mL) 82} 10uL
£z wellol]l 7hatal 44170 FQb wigsih Y 5 F 4T
ofg AAHSZ 7} wellel 100uLs DMSOS A lsled A
formazan Z-9& 83HA1 microplate reader® 550 nmellA &
BEE SHENT AESAHS AR FHEE UxTe &
o] ojg WEgE HAFAH

MEZLH QR #M &3

AEW QRE AL Benson S(17)2) Wil ulEl 248k
o} &, %3 AEE 04% trypan blue FUHOZ M¥EFE
274 T 1x10* cellsywell®] TEZE 96-well microtiter plate]
ZF wellell 200p14 BEFsE 24470 wj¥F F wiXE A 73}
At o7lel M2 MEMEIA] 200pLel] B9 s AEE
ZF wellell FH7lRich AlE7E b wiblol|A] 48417 vk
3, WS Y S A AHSIZ pH 749 phosphate buffered saline
(PBS)Z 33] MA3 thg, 38]9] freeze-thaw cyclesol] &) A
5 3 AAL AEE AR 3 2ZF wellel S0uLe] 2%
titon X-100& A7Fst & microplate shakerE ©]8-3t<] 300
pmellA] 1027F E5o) ot o7l vhgel 200 uL[FFTE
A7kgt #F 150mle] W8] 7.5mLe] 0.5uM Tris-HCl(pH
74), 100mge] BSA, 1.0mL2l 1.5% Tween-20, 0.1 mL2] 7.5
mM FAD, 1.0mL% 150 mM glucose-6-phosphate, 90 pLl 50
mM NADP, 300 units2] yeast glucose-6-phosphate dehydroge-
nase, 45mg¥] MTT % 150uL2] 50 mM menadione 715
2k wellell H7bshal 587F WhAIZCH whE £, 0.5% DMSO
o] =<) 0.3mM dicumarol®} 5mM potassium phosphate/} %+
FE B9 S0uLE #7482 FA1A17)™, microplate
readerE ©]-8-5t 610 nmollA FE=E S A

Quinone reductase®] ¥-4dY(specific activity)= 3-1E MTT
2} crystal violeto] 98 FHEZ APHEE, QR FEEAS A
& AgsiA & Ux79 QR 844 disk A8 E A
QR A<l vz Yehiith g2dvie] Aake st 7o)

Specific activity = [absorbance change of MTT/min X 3,345
nmoles/mg of protein}/absorbance of crystal violet

ol =9]% 3,345 nmoles/mg of proteinS crystal violet}
MTT?| FZATZEE A4 nl#drolt),

M= GST #M 53

A ZW GST 42 Habig 5(18)2] W& HI3 =43
Hown, ARSE AES 3 dRILE QR 84 FE A3
At AEZE 231470 3 7 wellell S0uLe] 2% triton
X-100& #7617 microplate shakerS ©}8-3l4 300 rpmelld 10
BIF BE0] F%uCh 97]9) GST 84 23S $8 wke-Ad[o.1
M potassium phosphate buffers] =< 25mM GSHY 1 mM
1-chloro-2,4-dinitrobenzene(CDNB), pH 6.5 &1 100uLE &



A] 7} Z2E-0) Quinone Reductase ¥ Glutathion S-transferase2] =84 ol v A= A& 263

7}8l7 137} microplate shakerlX EE¢] & &, 405 nmel|
A SR FEEe SV FEsith GST 8742 slope/min/
mg of protein® 2 Al4tsle] iz GST @40 uist Als
£ A3 6ST €49 H= ek

Crystal violet &4

A gk 9 dolglE Al¥Ee] 23 QrRY AEEARS
24317] 913 crystal violet F4-2 Drysdale 5(19)2] el
aste] AAlEKATE QR Y S A% o d3d FYsiA
96-well plaedl] HEE HFst 24717 Wt & A& A
gl8la 48417 wicksit)h Al & wlAE A|AZL, PBSE 3
3 AHE oL 2% o] HQ 0.2%(wiv) crystal violeto]
1087 ®2 & 287 528 2o Mtk o7)d 509% ¢
29 =91 0.5%(wrv) sodium dodecyl sulfate(SDS)E 200 ulA
Z} wellel]l ¥7F8 37°Ce] CO, incubatorel|l A 1A]7F BEE-AIZ]
F 610nmelA] FH=E S48

EAIX2|

ol4e] BE 49 &A= 3 B AAstd 2 Hape
2 Uepiglen, 284a= SAS progame o] §sle] B4k
=4g & Feart e 95 tisiAE Duncan’s multiple
range test® p <005 FEOA AFZHe] RS AR

22t 3 0¥

Hepa 1cic7, Hep G2 M%oll ChEl ZrE@Fel MESY

Hepa lclc7 2 Hep G2 AlXeo| g =7 W2 F28
o] AESAPL Yotr i, AE=HE VR oz Ho AR
FEE A7) fsld AEEAE 3T A9 Fig 13
Zoh AR FFE, A2 784 g2 549 aele vER
A QFSkal, Mg FEES] HEEQ 200 pg/mloAME =4
< vERRA @tttk ok 5o QR B GST 84+% 4
oz AEEAS Uehl#] g 50, 100, 200 ug/mlLe] &=
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otelit @aaAle) shiel QR &4 A4S FUMATE A
g W& FYAFAE Fig 29 Zoh F 4% FEFHF F
mouse 212 Hepa lclc? AlEFolAe Rzt &89 QR &
o] 200pg/mLAlA 168 o]z FrtERA o BFfA, A
=, AF FFE QR L 200pugmLe] F=oM 77t 13,
L1, L4 AE2 Jehdel gy 97 #23 Hep G2 AlZF
e ZE ABAM QR FE&40] Wth olF 459
waEFet gAe] oln] $-48F QR inducer® %#% B-naph-
thoflavone(B-NF)Z} Bl3.8}7] 913l BNFel] tidle] QR =
245 2% 23 Hepa lclc? MEFOIAE 2 MY =2
A& o 2512 48 HA, Hep G2 AZFANXE 05
uMe] T5 o 1ol 438 JehidckFg 2). of2fg QR
=849 A= 2(20) o] genistein®] QR FE=8A AT
oA thETEA BNPll tid QR E4S 43T Ast fA}
3 ZAgolrk B dApelr Bol IRIE A4 F2HES QR
FEEAHL QR inducerd! B-NF Hrles ¥4 @okA|vh O 3
Zo) 7HEFol Hlg] FE QR FEEAHL 7HH 7] Wit o2
ofe] 71 f718vlel 2t $Esie] AEFH QR H GST &
AL ARG

X2t 2HEe w58

QR =8| 7B SratHd Azhe vaE FEE S5
£ hexane, chloroform, ethyl aceiate, butanol 2 %2 &vj
2 E335e hexaneFS 0.0618 g(1.2%), chloroform Z-&
0.0982 g(2.0%), ethyl acetate S 0.2278 g(d.6%), butanol Z-&
20702 g@14%)e AT, Ula] 2L 23158 g@63%)2) F

Y& AU

X 288 QR M GST Rz &M

o2 fa 7HEA £33 Hepa lcle? Al EF] dish Az
FHEY QR ¥ GST =842 Fig. 33 o} =3 QR
inducer® ¢#472 B-NF2| QR &2 2uMe] FollA 2=
=A veldend GST 48 1ol 230 §9 x|z} £3
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Fig. 1. Survival rate of Hepalclc7 cells (Up) and Hep G2 cells (Down) treated with extracts (50-100-200 1g/mL, 3-Naphtoflavone; 0.5-1-

2 uM) from four citrus fruits.
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Fig. 2. QR activity of Hepalclc7 cells (Up) and Hep G2 cells (Down) treated with extracts (50-100-200 Lig/mL, 3-Naphtoflavone; 0.5-1-2

puM) from four citrus fruits.

Table 2. Recovery yields of various solvent fractions from methanol extract of Citrus aurantium Linn (Jikak)

Weight (g) of fraction recovered (%)

Extract Fractions
Methanol Hexane Chloroform Ethyl acetate Butanol Water
59 0.0618 (1.2) 0.0982 (2.0 0.2278 (4.6) 20702 (414) 2.3158 (46.3)

Y5 g of powdered methanol extract was dissolved in distilled water and partitioned with hexane, chloroform, ethyl acetate, butanot in order.

B % hexane 914 199 %& QR F=8HE RIoH,
chloroform A% 9F [8ul2] QR B2 He} 53+ GST
o] =AML hexane & 2L chloroform ol 2 1.54)
ol4e] E-4E& JehiULt

A7y el AAHIESEQL Hep G2 AIEFME o3 717 24
579 WEeE FE2EF RRVIRIZE A7k B EdME QR
U GSTY) @A) Ao Z71siA| SO (Fig. 4), chloroform
29| 200pg/mLe] FEAME GST F=@4do] 1.7 ojate
2 Z7RI e, olsh 2 Ads AESe b Aoz 4
Ed )-8

A 521 = AAE WEgg FEES o]43lY QR
FEEAE SHT A vl AaolA L4 o] &4
7 B33, Willianson 5(22)2 oje] 7kA] Uz} of
A5 GST F=84E &43 A7 cabbaged brussels
sproutsel]A] oF 1.6uf o)te] @4 F7HE ®.2E13 2, Hash-
imoto 5 (23 ashitaba(® HE)®] oF 1.42¢1¢] QR £4¢] 57t
& Bslfith o3 viuge W Ady FHEES i
Sl 49l QR 2 GSTS] =450 miS- Holds <&
SN 1=3

S, of7] FAAAEESLS 24 aAHNE AN =
monofunctional inducer®?} 1% EAAES 4 AN &
bifunctional inducer® WAt} Bifunctional inducers A2
o] EMahe Ah FEAH A A3k cytochrome P 450

25 14 EAAY] FHA &8st gaES £,
FEE 14 4400 984 diAlE s1EE-2 monofunctional
inducer®} §-AFE 7|&o g 24 AALAE BN Ao
FA332 e}, Monofunctional inducer= Ah &A= =9
Aoz 24 d4ATE ddAo 2 §x&=H, procarcinogen
2] bioactivation®h= ##Ho] §le B F bifunctional inducer KB.T}
= dggdel d =3k ZoE dEA Ark(524-25). 24 &
AAITHE @4 38A17]= monofunctional inducer2} 14 EAAAE
37 4321715 bifunctional inducerS #E38)7] 8 14 &
2Al9 57t HAEE Hepa 1clc? AlE2] WolF¢] Bpre!l A
XFE o83l izt RYEY QR 2 GST F =848 4y
B A3= Fig 59 #2th Bprel Al EF)A= Methanol &
24 BEE9 #5994 QR ’E}M"] 74z} 1.3, 1.48) oo
A=} GSTY Fegd4e BEEAA oF 12419 &
718 Bk Wb x|de) v:’ij.ﬁ—'] FUAHEL monofunctional
inducer®.T}= bifunctional inducere} © 71718 Aoz A7ty
t} BE M¥Fe] gk QR @ GST 8412 H|w3 Z3(Table
A & 5 DEc] Azt 28E2 bifunctional inducerE A
Hepa Iclc7 MEFo|A &2 QR, GST 42 712, &3]
hexane 3 chloroform FolA] 2 B4o] Frlshe A%E Y
. ole} e A FHAES v R #zl) X29) hexane &
ojL}, chloroform ¢l &A1= QR ¥ GSTY Fx=84 &4
< e AAgle goF AEHQ Art J3sojer & Aeln)
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Fig. 3. Induction of QR and GST activities in Hepalclc7 cells by various fractions (50-100-200 pg/mL, B-Naphtoflavone; 0.5-1-2 M)

from Citrus aurantium Linn (Jikak).
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Fig. 4. Induction of QR and GST activities in Hep G2 cells by various fractions (50-100-200 p.g/mL) from Citrus aurantium Linn (Jikak).

(=) ok
0 =

Phase T E4Ae AaA EAske gt sisrednt A
AiAge o8 fFxEHM, ol fEv 38ty YPEA=
2 5o o8 7R EAEFEZRH AAE HEsEY 8
3 92 3t} 53, phase I &4 & QR quinoned AA
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7Hg o] &3l HELFEES AR F A oA
a42 Y] quinone reductase % glutathion S-transferase®|
f= 842 A $4 QR 2 GST R84 240
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Fig. 5. Induction of QR and GST activities in Bprel cells by various fractions (50-100-200 j1g/mL, Quercetin; 10-20-40 M) from Citrus

aurantium Linn (Jikak).

Table 3. Comparison of QR and GST activities of various fractions from Citrus aurantium Linn (Jikak) in Hepa 1clc7, Hep G2, and

Bprel cells

Hepa lclc7 Hep G2 Bprel
Fractions COE‘:;;‘H‘IE‘)‘O" QR (-fold) GST (-fold) QR (-fold) GST (-fold) QR (-fold) GST (-fold)
Methanol 100 1.30£0.04*  098=0.01° 1.00£002  090+0.02 1.29£0.02° 1.20+0.03°
200 1.36+0.04¢ 1.134£0.02¢ 1044003  0.83+0.01° 136 +0.04° 124 0.00°
Hoxane 100 1724003 13440000 0871003 1.16 £0.01¢ 1.2240.02° 1.16£0.01°
200 1.89+0.03° 1501001 0904007  125+003° 121+0.02 1.34£0,02°
Chloroform 100 1.56+0.01¢ 146£0.02°  0.81£0.24° 1.03+0.01¢ 1.17+0.03 LI340.02
200 1.76+0.03° 1.56+001°  0.99+0.02° 1.75 + 0.00° 124003 12540.01°
Ethyl Acetate 100 1064003  093+001°  091+003  0.87+0.01° 1.11£0.04* 1.174£0.03°
200 1.01 £0.04° 1.094£000°  097+006°  098+0.01° 124 £0.02 1.12£0.02°
Butan] 100 105100 0931002 0894005 077003 1284002 1.224001°
200 LIS£010° 093005  092£002  0.70£0.04° 13240020 1.23£001°
Water 100 105£0.11° 0981002  088+£005°  0.85L0.02° 1.27 £ 0.02° 1.26+£0.05°
200 LIS+0.17° 1.08+0.02  091+000F  096+0.03 1.47 +0.00° 1.2440.03°

Different superscripts in the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple comparison test.

7tzb Alse] Y Az =& A3 F ool A7 ¥
8E % mouse -2} Hepa Iclc7? AlEFNA= hexane 3}
chloroform 20141 QR, GST¢] 40| 200 pg/mLolA 7z} 1.8
i, 15e) oldom FriEle] & QR ¥ GSTY #=84S
Bk ohebA A ZHe] hexane o]t chloroform Zofl &)}
T ¥ QR % GSTY #=EAc) Yehte EIE #2-F
Adted do R AEHR] AFrt & ojof F Aolrt

Aol 2

ATE Agoiskz st sAsEATYstE 2 e
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