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ABSTRACT : The influences of dietary supplement of citron tea on the hepatocellular chemical car-
cinogenesis have been studled by examining placental glutathione S-transferase(GST-P) positive foci area
in a liver tissue, contents of total cytochrome P450, thiobarbituric acid reactive substances(TBARS) and
glucose 6-phosphatase(G6Pase) in hepatic microsome and glutathione S-transferase(GST) activity. We-
aning Sprague-Dawley male rats were fed AIN76 diet with or without citron tea supplement. Rats of CTR
and CTR+ groups were fed diet without citron tea supplement while CDI and CDI+ groups were fed diet
with citron tea supplement for the entire experimental period(13 weeks). Rats of CDP and CDP+ groups
were fed diet without citron tea supplement for the first 7 weeks and swiched to citron tea containing diet
Jor the last 6 weeks of experimental period. CTR+, CDI+ and CDP+ groups were carcinogen treated group.
Diethylnitrosamine(DEN) was used as a carcinogen initiator and injected to the rats of carcinogen treated
groups as a single dose of 200 mg/kg body weight intraperitoneally after 4 weeks of feeding. 2-
Acethylaminofluorene(AAF) was used as a carcinogen promoter and supplied in the diets of carcinogen
treated rats as 0.02% content for the last 6 weeks starting from 2 weeks after DEN injection. Rats were
sacrificed after 13 weeks of feeding. Liver/body weight ratio and GST activities were increased by car-
cinogen treatment. However, they were not changed by citron tea supplement. Total cytochrome P450 con-
tents were not changed by carcinogen treatment or citron tea supplement. TBARS contents of carcinogen
treated rats showed tendency to decrease by citron tea supplement. G6Pase activity decreased by car-
cinogen treatment and citron tea supplement. The area of GST-P positive foci detected in carcinogen treat-
ed rats were decreased by citron tea supplement and not affected by the timing and the duration of citron
tea supplement. These results suggest that citron tea has suppressive effects on hepatocellular chemical
carcinogenesis probably through antioxidant compounds by decreasing TBARS contents.
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National Cancer Institute(NCI)ol| 4] &= ¢}2] ¢|HE-& &
ol7]9lgk AMAA A el A T3} 2 4e] A HE dAs)

3 ch(Butrum et al, 1988).

el ek AtelA wlelwl C, flavonoids, d-
limonene-5-2] 3}otaxr} ¥ vs v ¢l vlely]l C=
A AWl A amined} nitrite7} WF--5lo] vFebAl S 71z
nitrosamine©] A== 71 WA 24 Hgk, oA
Hes A EH, AszAl e A metd ks 7t
AA1Zleba ¥ E)gdcH(Committee on diet, nutrition,
and cancer, 1982). =3} v|eln] Co| 1A x et
F3}el] 71o3gc}(Burton and Ingold, 1989). H|g}wl C
= @RSl Bk sa el o wel Eastel
(Kefford and Chandler, 1970), #-#}2] 74-$-= u|e}q]
C7} o] 8-} 3u) A 7} Bep(H A&, 1974).

Rl flavonoids%  &tAde] FwEl AR
tangeretin, nobiletin, naringin, hesperidin, quercetin S-o]t}
(Attaway, 1994). Flavonoids7} &}¢t & 72 vjehl= 7]
° 2 ZHAFEIA (Salvayre et al, 1988; Das and Ratty,
1986) <FEAlEAA WHIH(Wood et al, 1986,
Canivenc-Lavier er al, 1996; Siess er al, 1989)2 4 zH¥lc}.
D-limonene-2 4] s fHkhe f-=3k AdE
ol A EALEAAE WEAlA ke dl5-8
Zz13le] kol g g ¥ gdch(Maltzman et al, 1991).

aeleg, el dF frldAE jtasbl
Qe oz FIEI S5 fAhs Ay ot 2
S W AT = onz shule) £33 ekl Cob
limonene?] A8 ZeHgh 98 &= gloh. oA 7R 9] &

0 TR 4 AEEE ool AA AEer 4F
& uj o] Aol thlo] A F a7} drka AR

frake] getastz sl 7|4 g3t Aok A
A, vletul Ce} flavonoids®] kst o2 ) A wiks}
E oflig 5= glet wighlofut 9 dA] okE Fol = fiee
radicals A& Z7}A17) 3, free radicalsel| 2] 3] Az ute]
polyunsaturated fatty acidsS- 7| A2 2] & 3}4b3} vELo|
Z21 " cH(Horton and Fairhurst, 1987). 2435 x] 2 z}Aks)
%% th %42l malondialdehyde= o}wl3}gtE Q1x]4 9]
head group, DNA, RNAS3} ZAge 4= glonmg who]
&3} DNAG §449) Hske Sstel st e
Z21A17Z 4= 9ltH(Taple, 1973; Voca, 1989). 121 2.5, 3}
He1A)-S- 712l vlEle] C2} flavonoidsts 2] 2l 34ks)E-2)
344-& AR 2 gtaaE vepds gk B
odgtellA]+= A2 3}AESHE-9l malondialdehyde3e4-8- =
Asha, ot ok o) 2] %3l glucose 6-phosphatase ZHA]
E2 ke & E S EA3)dch

A, FEHALE A L] M-S oA 4 gl 2
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FOAFELA L 199} 26 2 Lprel ) e, 15
E A+ cytochrome P450(P450) 2]&4] mixed function
oxidase(MFO) system 2.2 2] wlelExg- 2=}
Aoz AZAA AEe] :EA £ (DNA, RNA, &
WA A gAY, 25 A A4E Fd A2 ejd A
7] 4+ glch(Steven and Jeffrey, 1992). 2=+A] H 4=
1A &Zaos] A ZAdstsl B3-S UDP-
glucuronyltransferase(UGT)-} glutathione S-transferase
(GST)2) 3l glucuronic acid, glutathiones} 243 3}o] |
2] 2 A A ZIch(Kitahara er al, 1984). ¥]e}2]l C A
Al P450%- ¥]E3F MFOA A =7} 7hashe, W
258 AFHE ASole 7RG Fo(Ginter,
1989). Flavonoids2] gt 2FEthAl g 4Ale] WHIle ¥
¥l glth. Tangereting Alojeol] ®HZ3F 7 -$-P4503}
UGT¥: Z7pslg eyt GST= wH3lrb 9lgdch(Siess,
1989). 121} tangeretino] GST# UGTE Z7}A| 7]+
7Agko] glrly ¥ 33l v}E A7 % ¢loi(Canivenc-
Lavier et al, 1996). =3} naringenin®] tjA}A|So] P
4503A45 A3 7= Bax ¢ th(Guengerich
and Kim, 1990). Limonene%. P450(Maltzman et al,
1991)3} GSTEA] & (Hasegawa et al, 1994)5 Z7}A}7]
= o] WATGTh 2o Ee ¥ ATelE fA3
2 Aol2 AAske o ShgohAkasAel W 4
#H B 7]9) 8] & P4503 3k} GST A =8 SR st
B A= F A 2 oA f2ke] getaa
5 dolur|8ste] wholsfA)Y 22 diethynitrosamine
(DEN)a} wlol=2 A 2 2-acetylaminofluorene(AAF)-S-
ARgsle] P E9k-E eIt A TEEe R
FAAE AJole] 5% EoR AHEshelw, Pebist
7F ko] WA S A A I A F o= o
Aol 2-g-st=A15 otr mal RA A KB f2Fx}
E 3 v FAAA T {RAE THEHS TR
o] Agstaict.
A kel b W el A £ 2 GST-P oA ¥
£ ZA 8=, GST-P oA w4 319 A7 A
7o) =R oda ZhA| Z hEt S A A B
A AAEHA =, FH A ESe] v Ee)H o
Aol Mof A EtstAA o] A, FolA, kA
A A} ]2 1 qlrh(Tatematsu et al, 1988).
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R i B A B A v?w}u} 6vtel 4, 672
2 A Folute} FE 2 WE AFREE 2 vy

o AgArle] g 1357k A}wrw}%‘iﬂ.

2. A 0] H Hx|

Aglalol= AIN-76 diet(Bieri et al, 1977; Bieri,
1980y5 W& 3}ed Table 13} o] A|-F3tadct. F-2F2k
H 3= o] (citron tea dietyF F-AFx} 713 Hof] £3E
96.8%F A4 3.2%5 AHAY Ale](control diet)e]
sucrose @} cellulose 2 ¥ A s}o] 39}

Ay 717bE AlF-E Aelo} 2 x|+= Fig. 13} 2}
¢l A2 2 CTR+, CDI+, CDP+7+S A3} Al
5170 A] 45 3of] urel7) A9 o2 DEN 200 mgkg b.w.
& BFAbetaL 1 2% e 6T7J AAFE A3
olell 0.02% H7}ysle] AFskd v, EFo 52 CIR,
CDI, CDP~-g- A A 3}dch CTR-L} CTR+T-& A137)

&7

Table 1. Composition of experimental diets(g/Kg diet)

Component Control diet Citron tea diet
Casein 200 200
Corn oil 50 50
Starch 601.6 601.6
Sucrose 48.4
Cellulose 50 484
Choline bitartrate 2 2
AIN 76 Vit. Mix 10 10
AIN 76 Mineral Mix 35 35
DL-methionine 3 3
Citron tea solids 50

Group 0O 2 4 6 8 10 12 13wk

CTR A
CTR+ | A
CDI
CDI+
CDP
CDP+

G ERMB A ___

Fig. 1. Experimental design.

A 2.0 m/ saline/kg BW as control

A 200 mg DEN in 2.0 m/ saline/’kg BW i.p. injection

0 Control diet

11t 0.02% AAF in diet

= 5% citron tea in diet

4 0.02% AAF in diet+5% citron tea in diet

CTR : Control diet

CTR+ : Carcinogen treatment

CDI : Citron tea diet from initiation

CDI+ : Carcinogen treatment with citron tea diet from initiation
CDP : Citron tea diet from promotion

CDP+ : Carcinogen treatment with citron tea diet from promotion
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5ot A A 2ol & a1, CDIg} CDI++#+2 A
RILEL A 0F AolS AT CDPS)
CDPvZ& A A2HF 65Ee 44 HoI8 A2s)
F #2203 Aol B AlBatsh

351

AYFES 1242 2&*—43‘% Aoz SAZF
FA Ak HEsiloh HE" e #AE SRS F

Tri-HCl buffer(154 mM KCl, 50 mM Tris HCl, 1 mM
EDTA buffer, pH 7.49)Z 72335 o2, 44188 7]
ol 4°C 12,000 xg2| FZA s}l 2087} _L/nu]g_agy

3 A4FYE ol 23 dAlEe]r]edlA 4C 105,000
xge) ZAollA 147k ThA] QAlelstol A2 33
(CdEd)T A FH(pelletyE A cHDegawa et al,
1989). A4 £33} Tris-HC buffer ) $-f-A1%) ¥
A £3L o Tes Bl Lol thol oy AsE
A7F -70°Coll A WF BsicirE BAell ARg-slad
th 7t & AR Aol 37)12 2Rl WY 22 s)ek
ZAAFE A8l GolHEoll A A7 e

4. MY ZXFSHE HAY

Yokl g2 & 1A A7 b F2]9] GST-P kA 54
A} A2 314lsl7] 98l avidin biotin peroxidase com-
plex(ABCOH & o] g3} W xA)3}8b4] J A8 319
cth(Tatematsu et al, 1988). Yol Eol] A A7 £2]&
xylene 2.2 v 3} (clearing)d} 37 paraffin© & 3 vl s}oq
8 umFA 2 HHS} e} Xylene 2 & paraffin-g 5o 1)
o SR A o578 hydrationd} A S A
317 o8 Z=FH-2} 0.01M phosphate
buffered saline(PBS, pH 7.4)2.2 A 3 3}¢ic}. v|Eo]A
H}l8-& Fo)7] 9l &] moisture chambert] o] X A} Akok
A (1:5 3]41; 0.01M PBS pH7.4) .2 Az|gcts 3}
ole] #R-& 11]713‘}—{?'—, 12} 8}A]el rabbit anti-GST-P
antibody(Medical and Biological Laboratories Co. Japan)
£ 0.01M PBSel| 1250002 3]43fe] ub-SA|7,
H,0,-methanol &3§F)-& 2jste] Wi FAksha
9] #A-8 A7)sta. 0.01M PBSE A" sleict. 2x) 8
#¢l biotinylated goat anti-rabbit IgG2} avidin-biotin-
peroxidase complex(Vectastain Elite ABC kit, Vecta La-
boratories, InC. USA)S =4t & moisture chambers]
A "F§-A]Z1 3. diaminobezidine(Sigma, USA)&-24(0.02
% w/v, 0.2M Tris buffer, pH 7.6)3%} H,0,Z5 A 7}3s}o] &
AMub-S-8- ¢ © 71t} Harrie's hematoxylin(ed S| 2F).o.

;{4 zx],_
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2 x4 stk GSTP oFy 3414 2del 7o
A2 e} spa} 4] 7](Program : BMI Plus, 31717
Nikon SMZ-10, Camera : SAC-410ND)Z- o] &-3}o] Z7)

sfedck.

!

5. Mslatx Al

7 A E-F A cytochrome P4503}2F-2 Omuras}
Sato(1964)81# | TBARS &S Buegel Aust(1983)H}
w3} G6Pase 24 == Baginski (1983} & o| &3}
o} ZAated i, AlEA o4 GST &4 %E Habig
S(1974pH o 8 ZAstgict thil Al a2 Lowry &
(1951)2] viegof whet Z2shgich

6. A A2

A3 AR SASE o] gsle] 7+ At Hdy)

i hl
T 72 Axkshel 3, p<0.05 =54 ANOVA test
3

HE AF, FA} AF ZHFAM]= Table 29}
Prh & A gk Aelles felHqoew 3
48t & ukegkl eld-el CTR+, CDI+, CDP+:¢]
t) =79 CTR, CDI, CDPol| &} #|Zo] =gic}. o] 7
2 DEN #x|2} AAF .3 7|7bg<t ] A2l

Table 2. Effect of citron tea supplement on the final liver weight,
body weight and liver/body weight ratio

Group  Liver weight(g) Body weight(g) welfé\kllbtr/r]igg{%)
CTR 11.99+1.02" 548.17+27.04 2.17+0.07"
CTR+ 12.87+1.20° 432.83+25.10° 2.95+0.12°
CDI 11.07+0.26" 501.60+ 18.45° 2214005
CDI+ 12.6630.76" 434.00+17.44° 2.92+0.14"
CDP 11.19+0.42° 527.17+21.27° 2.1340.05
CDP+ 12.34+0.79" 411.83+20.88" 3.00+0.13"

CTR : Control diet

CTR+ : Carcinogen treatment

CDI : Citron tea diet from initiation

CDI1+ : Carcinogen treatment with citron tea diet from initiation
CDP : Citron tea diet from promotion

CDP+ : Carcinogen treatment with citron tea diet from promotion

1) Values are mean+ SE.

2) Mean with the same alphabet are not significantly different at p
<0.05 by Duncan's multiple range test.

A} Ao] 4l 2ol ThaBHR AL wedsisivh. et
Ago] A B QF G W oo}
upakal Aol A} AlEFUel A o] E ol
Al edgkeh A wETOA fo)d Aol viet
WAl ergkert AET TgANlE RRiIAET
(CTR+, CDI+, CDP+)e| tZ=+~(CTR, CDI, CDP)el|H]
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GST-P(+) foci
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abc

micromole/mg protein

o = NN W A OO N
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G6Pase
1.2
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0.6
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micromole Pi/min/mg protein
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Fig. 2. Effects of citron tea supplement on the placental glutathione
S-transferase(+) foci area, thiobarbituric acid reactive substances con-
tent, and glucose 6-phosphatase activity. CTR+:carcinogen treat-
ment with control diet, CDI+ : carcinogen treatment with citron tea
diet from initiation, CDP+ : carcinogen treatment with citron tea diet
from promotion



Fig. 2¢ll4] ¥ vle} ztol GST-P oFA £4] e
o] wiebl Ae|FollA FAE = fRbAE RET
(CDI+, CDP+)ol| 4] fr2bah3 8. 33}2] o4& wbobsd %
2| F(CTR+)eH] 3l feldos zhastedct. ey
CDI+9} CDP+ Afolol] 2|2 o]z} ¢lof, frxbat 4
#7)2bellute} dobAd wwl o] g e] wepx]x] eigich.

3. M35ty Al

1) Cytochrome P450 &zt

B Aol F P4s0 g ZETAM foH A
o|7} fladct. oA 7R ek & Aol 4] ZhE el &3}
= flavonoids?} P450-8 W3A|ghcly B =)
Siess 5-(1995)2 7Hg%H-o| Zx)8k+= flavonoid®] UZ
9] tangeretin®] P450 1AA]-E- H}e}d]+ ethoxyresorufin
O-deethylase®] AT oz A]718bA, P450 3A33}
3A4E- v}el = bezyloxyresorufin O-debezylaser= 27}
A et » speic). gk o2 odFof| 4] tangeretin
o] & P450 ekl w3lA7]%] ¢kgk e} ethoxyresoru-
fin O-deethylase>} pentoxyresolufin dealkylase(P450 2B
1, 2B2)x= Z7FA1ZH ok ¥38bed ol (Canivenc-Lavier,
1996). 727 flavonoids?! tangeretini} nobiletine®] ben-
zo(a)pyrened} aflatoxin B12] P450 2£]&A] monoox-
ygenase2| gt #EAI3LE A=A E Hyslgich
(Wood et al, 1986). 18] 2.2 2 A& o4 & P450 &
g2 2fo|7h glad ot 71 isozyme 7o)l 2to] 7} 9)-E 7}
SAE A S 9o o A7 2askeloh

D-limonene-g- 2]¢o]9] 1%rFo2 FF 73S P
4503l Wk} slelont, Srzos THele
uf P4503 ko] Frisleivhe . il(Maltzman er al,
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1991)0l] ] o} £ Ao AHGRE Aol 5% FF2]
A PASOS FESIE 82 RUAY S
ok, Zei} B AFE SRS dabde 4H 53
o2 12 4ANAL W s AP §
AA1g Aol 5% 5702 AFeharh

2) Glutathione S-transferase EM T

GST?| A = web] A 2]T(CTR+, CDI+, CDP+)
o] ZZ(CTR, CDL, CDP)ol| H]3) S-ojH oz Zr}s)
vk, o7& HrEAS AFAFI7ISE SR AL
2 M 2GS A Sl A Elol(Sato, 1988). 2}k
HZoupE GST AT Alo|= Fab=|2] ot} oAl
3ol A 725 flavonoidZ- tangeretino |} quercetin-g-
Aol2l 03%(wwyrE2o8 B33 7% tangeretine
GST 34d-g Z7HA) 7]+ S Helor} quercetin®)
7Z3-¢- W3l7l gl el (Canivenc-Lavier, 1996). 18in g
2 el A8 Aol fbe] BE7} GST SHE
_g_%_y],/qalu}a 3;!_.3-],1] Eg},o:h:-] ]—] = xl]71—§,h;],

3) X[HnRitslE MMzt
B Aol e 2" #4E5E9] malondialdehyde S
Z18}712]3}ed thiobarbituric acidE 7]&A 2 A}4-38}43
. AN AR BFofwe) 1 A ske] thE A o}
ok FARARE BEA 7] 942 CTR¥ CTR+9)|4
= "hell o 2 2j2]gF CTR+7o] thFT2l CTRFo|
| TBARS7} f-ojH o2 Zrisieict =t {1
BTl vkl 2zl CDI+3} CDP+2] |
Pibels A w2 d Z25H(CDLCDP)o| vla] 7Ha3}
A4S Booh a8 BE AR ls Ak
Hhekdolofgl A A #akstEe] Al FobH|

fqr 2

N T
AN

[UN
)

A
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Table 3. Effect of citron tea supplement on the cytochrome P450 content, glutathione S-transferase activity, thiobarbituric acid reactive sub-

stances content and glucose 6-phosphatase activity.

Group P450 ) GST ) TBARS ~ Go6Pase )
(nmole/mg protein) (umole/min/mg protein) (umole/mg protein) (tmole Pi liberated/min/mg protein)
CTR 0.66+0.13" 1.20+0.09" 2.10+0.73° 1.10+0.19*
CRT” 0.95+0.09" 2.3240.26° 5.14£1.07" 0.92+0.13"
CDI 0.91+0.06' 0.88+0.05" 5.8010.38" 0.90+0.14"
Cor 0.74+0.18" 2.04+0.34" 378+ 1.18™ 0.71£0.02"
CDP 0.99-+0.23° 1.13+£0.05° 3.1840.63™ 0.82+0.11"
CDP* 1.104£0.13° 2.11+£0.030° 1.74+0.28° 0.71+0.09"

CTR : Control diet

CRT" : Carcinogen treatment

CDI :Citron tea diet from initiation

CDI' :Carcinogen treatment with citron tea diet from initiation
CDP :Citron tea diet from promotion

CDP' : Carcinogen treatment with citron tea diet from promotion
1) Values arc mean + SE.

2) Mean with the same alphabet are not significantly different at p<0.05 by Duncan’s multiple range test.
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EPli 2 ER A ET} fabE Ak s
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