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ABSTRACT

Six-week-old Sprague Dawley rats were fed the diets of 20% casein or soy protein. Two weeks after the feeding, hepatocellular
chemical carcinogencsis was initiated by diethylnitrosamine(DEN), and promoted by the diet containing 0.01% 2-acetylamino-
fluorene(AAF) and two-thirds partial hepatectomy(PH). The animals were sacrificed at 8 weeks after the DEN injection. The
area of placental glutathione S$-transferase(GST-P) positive fodi, the actvitcs of several enzymes in cellular antioxidant enzyme
systems and glucose 6-phosphatase were determined to investigate the mechanism of the anticarcinogenic effect by the dietary
proteins. In another set of experiments, the drinking water of rats fed casein was supplemented with 1.5% inositol hexaphosphate
(InsPs ) to elucidate whether it has the comparable anticancer action of soy protein. The area and number of GST-P positive foci
in the soy protein group were significantly(p </0.05) lower than those in the cascin group. The livers of rats fed cascin showed
moderate fatty degeneration and larger hyperplastic nodules than those of rats fed soy protein. In another set of experiments, the
area and number of GST-P positive foci in the rats fed casein supplemented with InsPs were not significantly different from
those in the rats fed casein or soy protein. The lipid peroxidation of rats fed different protein sources showed no significant
difference. Glutathione S-transferase(GST) activides were increased significantly(p<{0.05) by carcinogen treatment in all dietary
groups. Glucose 6-phosphatase(G6Pase) activities were decreased by carcinogen treatment, and hence showed a reverse
relationship(r= - 0.695, p<(0.01) to the GST-P positve foci. Thercfore, the activities in the rats fed casein were lower than
those in the rats fed soy protein. These results suggest that the soy protein seems to be more anti-carcinogenic than casein by
decreasing the preneoplastic lesion and by increasing the membrane stability but inositol hexaphosphate, a component of soy
protein, may not be protective against hepatocarcinogenesis. (Korean J Community Nutrition 4(2) © 239~247, 1999)

KEY WORDS : placental glutathione S-transferase positive foci - lipid peroxidation - glucose 6-phosphatase - glurathione §-
transferase - inositol hexaphosphate.
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Artz 3 (Lee 5 1991). B3 F ¥ ZAFEL inviro
4 in vivo 48 F 65%7F LA AE JERSITET Bt
Ak (Messina 5 1994). FAEEL FEHH 9] T8
& RES AA|Ea glom, B3] daol e Ae 1
F % 43 9ude 10%0)4-& AAFL Y3 (Wang 5
1983), A TEHFFF, 7F) F 6L E AF(FF-
T, 39 5EA, F7HFE)LE UE 4 Sl TAF
8] ¥ ZFollA] genistein, didzeine 59| isoflavones, Bo-
wman Birk inhibitor(BBI) 5% protease inhibitor(Ke-
nnedy 1995), saponin(Rao & Sung 1995) ¥ inositol he-
xaphosphate(Shamsuddin 1995) 5¢] 92 ZF A
kel Aot Be] gle Ao BeAd

Inositol hexaphosphate(phytic acid, InsPg)w= A&
A LA, F2 FH SH 4E2(0.4~6.4%)°]
TaEo] glen 177 £ 271 gol&Ed ge] He=A
EAgc}, =3 g T 2,58 %7AA FHE 9
1 74gel o8 £4=¥rH(Harland & Oberleas 1987).
InsPe= Wolshe £l glo] 28] F8 Aol
2oz 27F ol 25T Ml E gL AT F e AHE 9
Bl FaalHgl 7S & ¢ vk § FvE Fa slY
(Rao & 1991). A7 HAH &F & 2R A4
F el (meat-and potato-type diet)olA 422 InsPs7}
$o ABa Nol2 ARSIt )9 HES PFZ o)-&5)
o] Az, WA Bollg} 59k & dlolvh= 2lFe] Az
7t 71517) wiiEel InsPs o] =L EHE 71 4 Q&
Aot} 39 Shamsuddind 3t FrelsolA InsPsd)
PAEAE Husglon, NEAZAY JFEHE AA|FH}
12 (Shamsuddin 1995), 2 €]¢] 7|4 B J77}
AR % ojF FANME 1 AL ofsstn AT
7155 @714 vl B2 978 Yo F sz Ao
B2 ofy 9 WelEA T gteroidd EEZEF 8
Edo] 243 EE Si5He Fholma Ao] QA
FEUARY s ERA HX FFE I7Eed Hge
F71olt}, &3 o7 Ui 2 A 8An) 3L (phyto-
chemicals)&°] 7HA= A7) shtEA kEdALE
27 R GAFE LA wAE G BT AF= Eo)
AP 3 gt

Itox 92 g 3AAEY /AAEE diethylnitrosa-
mine(DEN), 783 AA9AE4¢ 2-acetylaminoflu-
orene(AAF) % 4% £ A3 70% #&2 HdATE
(partial hepatectomy, PH)5 22 o]F0}x{9) o™ (Tto &
1988), A&7t 872 Fort A7)7te] AP AT} YX
st 348k 2o T FFS FAsked o 53

[s]

o
fo w

wrdo 2 QAH 7 It (Ogiso % 1985). FH, glutathi-
one-S-transferase(GST)®] 44 5 &4 B9 GST
(GST-P)= #9 &3t 7+ A% fea4gds F4 2h
ZA Az SEEA] o Zt AFge] A i &
A3 A FEH = o2 A AgA Hae] AFE2A
43814 29211 givH(Rushmore 5 1987).

B AL [to BE-g o] 43 T PSRN T
WA g g AR Fe] sh9) inositol hexaphosphate’t
AR W) A)Fe) GST-Po) wXE QS A¥R
I 7|Ae2A et Es B IEELA ] HR= o
& AR

Me R EH

1, HBEE W ASHY

6% 2 =5 Sprague-Dawley #=(180~210g)%8 F
FopErerd T4, did) Age ARt dgele
2lo] ol Folg galale] AxG ZEAEZE, BL
HAFEEE AREA HFEES U FE2 2K 20+
1T, 2FE 55+1%, =8A17E 1241747 1 00~19 : 00)
oz A" AGA|M, A5 M o] o|FAAE= § E o}
27} AR cageodl A AREEHRAH Ae] AL o]E9
o 28191, AF-L 159 g A 24550

2, ABAT B AZACY Y

Ag 194 Gude Fdo| T g3AA A A
el A ¥l GST-P i ¥ o 7)Aoz 43
ExAC WXz G Ad Polu gy, A7 IAME
soy protein®] % 4#<l inositol hexaphosphate”} &
opzbgol BRI E GST-P Y4 e) 4 xS 7
Fate golR it

AY 1M gide] FUOZ casein soy prote-
in? o2 Wil o|F opA] tlETr 2B TeR 6
~1091E4 Uolon dhelel Azl 4] HH F
254 725§ AAR<el diethylnitrosamine(DEN)-S Al
23 AgT 5o EFA(kg)F 200mg FFL= 7l
FALBIETE . 25 Fof], Z} Aolef| 0.01%FF 2R 2-acety-
laminofluorene(AAF)E 410l 1 &9t "ol £U4|7
&g AAs= 0% 22 7 A% (partial hepa-
tectomy)= A AEHE, o] F A&3o] AAFE EFT 4]
o2 1FZFe v Algsln 4R A o)vhe Yl F
DEN%4 ¥ 854 gAAAY t2T2 DEN 4l Az

Y5 T $F02 BAFAGI, 10% F2 2 FA

l



$% )4l 7} € (sham operation)& 2A3k%c. 4
F 1+ casein, casein +1.5% inositol hexaphospha-
te(4-89, pH 7.4), soy protein 322 W71, BT
of TS Hstct AR A= Fig. 100 Vel
dyaolel AL Table 1o Wit} o] gaide 4
o9} 20% FEo = Aty FEEHEL, EE AY 4ol
T 2~35Y 9= Az, Ax FA a2 FHA
A 285ty WEnd syl FEsiE e, 1.5%

[Experiment T]
Casein co 1 R 4 l
cr 1 IExim X
Soy | SO ——R= £
protin| 7 TN E
0 2 3 4 8 week
[Experiment 1)
cT L RS %
CT-+InsPe L LR X
ST I IN=s=
0 2 3 4 8 week

Fig. 1. Designs for Experiment 1 & I . In experiment I, six week-
old Sprague Dawley rats were fed casein({J) or soy protein(8) di-
ets and were treated with saline({") and sham operation(% ) or with
diethylnitrosamine(200mg DEN/kg body weight ; 1) followed by 2-
acetylaminofluorene(diet plus 0.01% AAF ; ll) and partial hepa-
tectomy(X ), and sacrificed(Y) at 8 weeks after DEN injection. In
experiment 11, the rats were fed casein, casein plus 1.5% inositol
hexaphosphate(InsPe) in drinking water, or soy protein diets.

Table 1. Composition of experimenta) diet{g/100g diet)

Croup component Casein Soy protein
Corn starch 52.5 5295
Casein 222 -

Soy protein isolate - 21.74
Cormn ol 15.0 15.0
a-Cellulose 5.0 5.0
Vitamin mixture* 1.0 1.0
Salt mixture** 4.0 4.0
Dt-Methionine 0.3 0.3

*Nutritional Biochemicals, ICN Life Science Group, Cleveland, Ohio.
Vitamin mixture is composed of ; Vit. A(500,0001U/g) 1.8g, Vit. D
conc.(850,0001U/g) 0.125g, a-Tocopherol(2501U/g) 22.0g, Ascorbic
acid 45.0g, Inositol 5.9g, Choline chloride 75.0g, Menadione 2.25g,
p-Aminobenzolic acid 5.0g, Niacin 4.25g, Riboflavin 1.0g, Pyridox-
ine hydrachloride 1.0g, Calcium pantothenic acid 3.0g, Biotin 0.02g,
Falic acid 0.09g, Vit. B,; 0.00135g, and Dextrose to Tkg-
**Cormposition of salt mixture, g/kg mixture : CaHPQ, 500g, NaCl
74g, K50, 52g, Potassium citrate monohydrate 220g. MgO 240g,
Ma-nganase carbonate(43 —48% Mn) 3.5g, Ferric citrate(16 — 17% Cu)
0.3 g, KIO, 0.01g, Chromium potassium sulfate 0.55g, Na:5eQ; « 5H
A0 0.01g, finely powdered Sucrose 118.0g
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inositol hexaphosphate T8%4-& 2~3Y ZtH & AHzx
ste] WAR STt B g4l AlFetd

Casein(2F 90% protein), c—cellulose, DL-methion-
ine, Na-inositol hexaphosphate2 Sigma #E-&, soy pr-
otein isolate(2} 92% protein), vitamin mixture, salt
mixturer ICNAES, S5 (F)EWANA sin-
gle-batch types ¥o} ARE-3l T,

3. ANRY £ X FMNY

AYE &L @53l FAAZ T FA] A5HA S
HEstgT AE9 7He AR A9 AEsta 99,
AA 9 ZA 248 AAS g, dHR 2 R FE
£ AATIL AA FFAZ EAEAY.

% 7te] 24T @59 o2 B8 47 2~3mm F7
ARE 23 AFste], 2AA B Az EE] A
A PoluBoll 255 LAFAH

AR BEE M= o Tg FAS 7 do] o], 2l
ok & aprle- 728 S9(154mM KCI, 50mM Tris-
HCI, 1mM EDTA buffer, pH 7.4) F 25mlE @x 72
g 08, 4T, 12,000% gell A 2027 ARt 8
Brel AE 22 (cell debris)®} AHhEe] do)x] gEE
ZA 28 dEde F3le, 47, 105,000xg <A 6023t
oAl 4 2EEe] Az 28 (59T microsomal fr-
action(pellet) 2.2 F2stHth. A=A} Tmle] AL <
ZAgoloz Bex7] microsomal fraction 2 7€) ol
T2¥ 534 o] gol dAFLZE FE e o
=70CAAM BT} #4 o ARgatgich

iy 1o

i
[s)

%

4, TNGHE HA

YollEel 2T AIRE xylene© 2 FRsl6}I1, I
e Zojgk & 4~5pm FAE AASGT ek =
2 A7) 9 mE) xylene 2 paraffin A A8l 5k
e vAlE EEFARE AX 2HE a7 o
. 1027 322 22 A¥stt. o|3lE Hamds-hema-
toxylinell §TAH7} 2= 82 73, oA 1% HCL
alcohol §4o] HAg thg HA FEEZ I F eosin
Folof] 1~287F FAsHATE. o] % 70, 80, 90, 100% <]
LFLE BT, xylenel®E FH3E OhS canada
balsam .= FYse] #Hu|F o2 ALY,

)

5. HATNSHHAE[HHE Glutathione S-transferase)

7t 22y futd glutathione S-transferase(GST-
P) &4 #HAao 2¥E E915l7] 98 avidine biotin pe-
roxidase complex(ABC)¥ & o]&-8te] Hz2 384
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g 31HHOgiso 5 1985).

Xylene2 2 paraffine Fo1 Frsl7dre] @A4
dFPrAEE AX 24 T3A7 g T 0.01
M phosphate buffered saline(PBS, pH 7.4)22 A 35}
ek HEel4 ¥-2 Zo|7] 95 moisture chambertf
oA A4 Ak ¥44(0.01M PBSl 1: 52 34, pH 7.
4) At B4 7L AAT F, 12 FAIQ rab-
bit anti-GST-P antibody(Medical & Biological La-
boratories Co. Ltd., Japan)& 0.01M PBSef| 1 : 25002
2 8Xste] AMEEIS AL, HOrmethanol 9L 2]}
of WA FaketE4e] 848 AAST 0.01M PBSE A
2 3leqrt. 23 A2 biotinylated goat anti-rabbit IgG
9 avidin-biotin-peroxidase-complex(Vectastain Elite
ABC kit, Vecta Laboratories, Inc,, U.S.A)$2Z moi-
sture chamberolA ¥H-8-A]2}. Diaminobenzidine(DAB)
£94(0.22% w/v, 0.2M Tris buffer, pH 7.6)9 H.0.=
d71ele A8 9277 hamris hematoxyline =
H2F AL st A Y9rA SR & AX T xyl-
ene2 2 FEM3LE9 canada balsamo® E¢)ste] #
FHv|F oz BASHTY. GST-PEA] W49 9 HEe
A 7ol 0.2mmel4e] A%E 2t P4 7] (Image pro)
£ o]&3sle FAsgen, 7 &9 HE cm’ 59} W
(mm?) &2 FAJste] vlwaiyo}.

6. WoABH HA}

1) HAEN2 Cytochrome p-450 BF &3

Omura & Sato(1964) 2 Guengerich(1994)¢] w
o w&} 448 2+ microsome 284 10mM phosph-
ate buffer(pH 7.4)2 545t °F Img/mle] BsE
THE g % mg®] sodium dithioniteE B2 ¥ R o|R
= CO gasZ bubbling 3} reduced carbon monoox-
ide complexE 450nms} 490nmel A ZRalsiv}.

2) I R EH 9 Glucose 6-phosphatase ZYE =F

Baginski 5(1983)¢] el =2} 3} microsomal
fraction®l| 4} glucose 6-phosphatase(G6Pase) A =S
ZAst4 0.1ml8] sucrose/EDTAE2(0.25M/ImM)
0.1ml1%] glucose 6-phosphate(0.1M), 0.1ml®) caco-
dylate buffer(0.1M, pH 6.5 AHE A& & FHP3
&4 A12] microsomal suspensions 0.1ml ¥ 37C &
Zo| A B3] 83t B4 A7}, Ascorbic acid/tri-
chloroacetic acid £9(2%/10% w/v) 2.0ml& Hd7Fete
3.000x gell A 38zt A4 s & 459 1.0mlel am-

monium molybdate(1.0% w/v) 0.5ml%} arsenite/ci-
trate 4% (each 2% w/v) 1.0ml2 =2 F7lste] 158
7+ WA 3 v 700nmol A spectrophotometer® 4=
£ F3st4t.

3) o AN AFMMBE B 5

Buege & Aust (1978)2] ud] uja} 7+ AxH)9) x4
a2 S 4590 0.1~0.2mg/mle) proteing
-3k microsomal suspensiong 1.0ml# 3} 2.0ml
TCA-TBA-HCI reagent(15% w/v trichloroacetic acid,
0.375% w/v thicbarbituric acid, 0.25N hydrochloric ac-
id)sF # 4L 5 1587 T F2olA WA AT Lo
2 43 3 1,000xgoll A 1087 A E= 3t A4E9S 3
sto] 536nmall A FBEE ZA8AR, 1.56X10M “em ']
TAEFATE S5 A AN G HEg At
.

4) It N EHS| Glutathione S-transferase ZYE 5%

1-Chloro-2,4-dinitrobenzene(CDNB) %} €93 gluta-
thione(GSH)& 7|42 AH&-3h= Habig $(1974)9) H4
o wh} HXA9 glutathione S-transferase(GST)e] &
HES £A3)5 ). Assay mixture Y4 potassium ph-
osphate buffer(pH 6.5), GSH, CDNBY %7} zz} 0.
1M, 1.0mM, 1.0mMe] Hi A2 @ilg 27} 5~
6ug/mle] HX% st 25T, 340nmo A 187 &35 4
BE S4B, ol SH= Wt 2% 0.050]571 H
% 319t GSTe) 4=+ CDNBe #5344 9.6
mM “em ‘B AMEEI] ASIAS mg protein® 1¥ E
¢t conjugate™ = CDNB4 nmoles2 FA| 3t}

5) It MIEXY Glytathione reductase(GR) ZYE =W

Carlberg & Mannervik(1985)¢] #h8-2 o] g8l =
sttt EDTA/potassium phosphate buffer(2mM/
0.2M, pH 7.0) 0.5ml, 2mM NADPH(in 10mM Tris-
HCI(pH 7.0)) 501, 20mM GSSG 501, 23 &85 0.3
mlZ 1ml cuvettes] 22 % 30CoA AIEZ dArelg
RS AlAA7) 3, NADPHS] 457} Zadts £58
340nmel A At

6) It M ZZ2| Total glutathione peroxidase(GPx) ZAHE
z3
Tappel(1978)¢] ¥HL 2 7|22 cumene hydroper-
xoideS AHE-3t] GRI} NADPHe| 98] GSH= g¢=2
o NADPH7} NADP & 4315+ AEE 340nmel+]
NADPHS] 22 345 6.22mM ‘em 'o]43le =3
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Table 2. The relative liver weights, lipid peroxide contents, and cytochrome p 450 contents of rats fed casein or soy protein in hepatocellu-

lar carcinogenesis

Group Relative liver weight(Liver wt/Body wi(%) TBARS(nmole/mg protein) Cytochrome Paso(nmole/mg protein)
CO 2.59+0.05" 0.69+0.03™ 0.5810.04™
cT 247 +0.06" 0.72+0.10 0.57+0.03
SO 2.28+0.04° 0.69+0.02 0.57+0.06
ST 2361+0.08° 0.72+0.06 0.63+0.03

Six-week-old Sprague Dawley rats were fed casein(CO, CT) or soy protein(SO, ST) diets for 10 weeks. The rats were treated with saline and
sham operation{CO, SO) or with DEN followed by AAF and partial hepatectomy(CT, ST), and were sacrificed at 8 weeks after DEN injection.
Values are mean—+SE and values with the different superscript within the same column(a, b) are significantly different and “ns" is not sig-

nificantly different at p<0.05 by Duncan's multiple range test.

3199}t Total GPxe] &4 %% mg protein® 18 5%t
21315 E NADPH®2] nmole 72 BA|sHS

7) B9 BF Y

Cytosol# microsome? BHZE &k bovine serum
albuming FZEgNo = 3t Lowry B(1951)¢] B4
ol-&5le] S35t

8) FHAH

A8 A7 SPSS wind5% version 7.58 o83l 2+
Aguit iz FEAAE T L p<0.05 T2
ANOVA test¥ Duncan’s multiple range test ol €3}
o Z 49T 7k FoJAE AR

an g

iy

AFol dig JiE 7t FAe g8l S99 AelE
Bolx| ¢¥sttH(Table 2). H & EZ ZHHIEE GaA5le] %]
WA o Z44 24 (hyperplastic nodule)d] ¥4&
FaEst Ryt g2y 2JeF s 428 -
gen, oS YRS 9 caseinTAAM = F5EY
AukA A o] el o) soy proteindol s 79 x)uha
o] Ue)zr] gkl w3k soy proteinTe SAA4ZE
o] ml§ Zgkorl casein FAME o|RALE0] g
Attet FA4 A Ee) ettt dAHoR M o
gl A 1hAZY o] dojuka ofo] uhg}t kA
F & HAZE 2= o]F A HE 2Le AT EE
o] FEH=H, ol FHAtE M olAtom AEFIo] T
st A o] Hao] YA Tt €L Glu-
tathione S-transferase(GST-P)= #9] &4 7k o)A
= HEEAgn M GatAA 5 AGAERA E4
3] wEHo A EGSAL) B2 o] EH1 Y}(Sato
1988). =38+ GST-Po] ¥d 42, dtAs 22 of
29 #4449 AL 2AdTT dHAAAN(Burt 5
1988 ; Sato 1988). £ 4 [N tlx=Fe A$ GST-P

Avea of GSTP positive fociimm?fiver disue cm?) ]
o

Casein Soy protein

100

80

40

20 -

Humbar of GST-P positive fociNodiver tisre o)

Casein Soy protein

Fig. 2. The area and number of placental glutathione $- transferase
positive(GST-P*) foci in the rats fed casein or soy protein. The rats
were treated with DEN foflowed by AAF and partial hepatectomy.
None of the rats treated with saline and sham operation developed
GST-P' foci. Values are mean=+S.E. and means with the different
letter(a, b) are significantly different at p<{0.05 by Duncan's mul-
tiple range test.

FEA4 Ade] FAEA gror, THANTE VS
W+ caseini?®] soy protein $HT} 1 ¢} T glof
R (p<0.05) 22 & AL 2 F ANHFig. 2). ©
2+ 7HAE gt EA YA soy proteind HFHAAIZ o A
g o g Zge] zojA Ao AZFHZT o]
i, i, 85 rdAE BxT ZHE BEeH,
Z Z2) ojm oAb 24 isoflavones, Bowman birk inhi-
bitor, inositol hexaphosphate®s] 24 7191 sh=
Zolzta B3 HojFtHMessina § 1994). wehA £ 4
Il M+ caseinell 29 & 424l inositol hexaphos-
phateE #/teted GST-Pe] WiZ2AZEY ¢ & ©F
& BAsle] B A} caseindF F A o)t glo] A
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Table 3. The glutathione S-transferase, glutathione reductase, and glutathione peroxidase activities of rats fed casein or soy protein in hepa-

tocellular carcinogenesis

Glutathione S-transferase
Group

Glutathione reductase
(nmole CDNB conjugated /min /mg protein) (nmole NADPH oxidized / min/mg proein)

Glutathione peroxidase
(nmole NADPH oxidized /min/mg protein)

co 489.43+57.02" 4153+1.86" 17025+ 11,15
cT 623.80+78.04% 4502+1.24° 173.12+ 7.40°
SO 562.56+57.50° 37.57+1.27° 14046+ 9.03°
ST 755.84£57.27° 42.12£2.01% 159.49+ 6.74°

Six-week-old Sprague Dawley rats were fed casein(CO, CT) or soy protein(SO, ST) diets for 10 weeks. The rats were treated with saline and
sham operation(CO, $0) or with DEN followed by AAF and partial hepatectomy(CT, 5T), and were sacrificed at 8 weeks after DEN injection.
Values are mean=SE and values with the different superscript within the same column(a, b) are significantly different and “ns’ is not sig-

nificantly different at p<{0.05 by Duncan's multiple range test.

Table 4. The area and number of placental glutathione S- transfe-
rase positive(GST-P*) foci of the rats fed casein, casein+inositol hex-
aphosphate, or soy protein in hepatocarcinogenesis

Group L Are.a . Num'ber
(mm*liver tissue cm®  (NoJliver tissue cm®)
CT 8.25+1.38° 77.16+9.79"
CT+InsP, 11.90+4.4° 50.244+7.76%
ST 1.85+0.3 26.72£447°

Six-week-old Sprague Dawley rats were fed casein(CT), casein+1.
5% inositol hexaphosphate(CT +InsP;) or soy protein(ST) diets for 10
weeks. The rats were treated with DEN followed by AAF and par-
tial hepatectorny. Values are mean+S.E. and means with the dil-
ferent letter(a, b) are significantly different at p<{0.05 by Duncan's
multiple range test

el 2 AS & 7 AU (Table 4). Shamsud-
din(Shamsuddin, 1995)2 %, 25904 inositol he~
xaphosphateZ} SF &7} 8-S Busg, o)F &
AgAZA ] g Agkstolrt, 2t £ ¥ o] Al
A B FEg 5L HolA] govt BEHoR 7 AY
AL oS AP D F Aok S wiA & = R
O 2 v o B dgo] A ef Pk A3E,
whol2-A o] thAtel] #edsle eytochrome P-4509) &k
2 a7, UEde FH € Fo £ 7178 ] &34
gl whe] 73 Wgl 5o oM e v o &
o Ay E A8 Ao cytochrome P-450 F4&
& 2ohd AelEghe] xel7t st (Table 2). ©
A5 Aute w2 de) Foof e} FEH Qo Azt
775t w2l cytochrome P-4509 ¥3l7} S2EYLS
AL R FEEo|AH, SRS ZE & o] WaHulE cy-
tochrome p-4509] isozymesgd] %7} 22 doju &
T SE F g B o] B Ay} ] o]Fojxol & A
L& weld,

&, THRE, w359 o] HIE sk Al
Bh3-2 AxEL 7|3k shuE A= o2 gluk(Halli-
well T 1992 Horton & Fairhust 1987 ; Kensler &
Trush 1984), & @A A F G829 Fafo] U=

o

e

A,

3 A AA = FE Atolof Folrl galer, sl 34
of Wb &= o7k ] @ektH(Table 2).

2 AYNA FEFALY FAL2 2T+ g ot 49
A7l A (Dodd & Swartz 1984 ; Lankin 5 1979 ; Pl-
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Fig. 3. Glucose 6-phosphatase activities of rats fed casein or soy
protein in hepatocarcinogenesis. Six-week-old Sprague Dawley rats
were fed 20% casein or soy protein diets for 10 weeks. The rats
were ftreated with saline and sham operation ([J) or with DEN fol-
lowed by AAF and partial hepatectomy(E:), and were sacrificed at
8 weeks after DEN injection. Values are mean+SE and means with
the different letter(a, b, ) are significantly different at p<{0.05 by
Duncan's multiple range test.
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