BREEBEE 3805 :364~372, 2005

BlE}?] E$} Dehydroepiandrosterone©] 3}8HA welglo g
=3 FHZHe ARA W w|A= 9%

ISR
ARG ez AL Hevistm St JEGFeH”

Effects of Vitamin E and Dehydroepiandrosterone on the Formation of
Preneoplastic Lesions in Rat Hepatocellular Carcinogenesis

Kim, Sookhee™ - Choi, Haymie™*

Division of Hotel Culinary Arts," Hyejeon College, Hongseung 350-702, Korea
Department of Food and Nutrition,” College of Human Ecology, Seoul National University, Seoul 151-742, Korea

ABSTRACT

This study is designed to examine the effects of dietary supplementation with vitamin E and dehydroepiandrosterone
(DHEA) on the formation of preneoplastic lesions in diethylnitrosamine (DEN) induced rat hepatocarcinogenesis. All
Weaning male Sprague-Dawley rats were initiated by a single dose of DEN (200 mg/kg body weight), subjected to two-
thirds partial hepatectomy 3 weeks later and were sacrificed 8 weeks after DEN initiation. Two weeks after initiation,
rats were fed Purina purified rodent diet 5053 (Ralston Purina Rat chow, USA) with 1.5% (15,000 IU/kg diet) vitamin
E, 0.5% DHEA and both of those supplemented diet for 6 weeks. Placental glutathione S-transferase (GST-P) positive
foci, the activities of catalase, total-glutathione peroxidase (GPx), glutathione reductase (GR), glutathione S-transferase
(GST) and thiobarbituric acid reactive substances (TBARS) contents were decreased significantly by vitaimin E
supplement. On the other hand GST-P positive foci number, Cu/Zn-superoxide dismutase (SOD) and glucose 6-phos-
phatase (G6Pase) activities weren't changed by vitamin E supplement. It might suggest that protective effect of vitamin
E against hepatocarcinogens is not involved in the formation of the GST-P positive foci but related to the expansion of
that. It seemed that vitamin E supplement helped endogenous defense system in carcinogenesis by decreasing TBARS
contents, H;0,, organic peroxides. Therefore, vitamin E seemed to protect cell from free radical damage in carcinogenesis.
By DHEA supplement liver weight and liver/body ratio were increased, the area and number of GST-P positive foci,
the activities of catalase, GR, total GPx, GST and the TBARS contents were decreased significantly. On the other hand
Cu/Zn-SOD and G6Pase activities weren’t changed by DHEA supplement. In hepatocarcinogenesis the activities of
antioxidant enzymes weren't increased by DHEA supplement. DHEA did not increase the oxidative stress, while DHEA
seems to have anticarcinogenic effect in rats hepatocarcinogenesis. (Korean J Nutrition 38(5): 364 ~372, 2005)
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Dehydroepiandrosteone (DHEA)& cholesterol©] pre-
gnenolone 2.2 H#E ¥ hydroxylation®o] 449 17
@ —hydroxypregnenolone®] tiAHE©C]H, testosterone
#} estrogen®] A-7EAo]9, dehydroepiandrosterone—
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oje] ¥ 35 71 AEoIAIA DHEAS] YAt ARER]
androsterone®} eticholanolone?] ¥H-& =71 HPALH
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DHEA®] A&7 I8 x| AT H|BYOE glu-
cose—6—phosphate dehydrogenase (G6PDH) & 234
Z NADPHE 2311 NADPH- &4 Abkglt)zhe] A4
& Ak, o138 d 718 Fate] EFNeE AXEE
S Yo} U3 FHAENE JAlsh=s Zlog BuHth?
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By 3 =, DHEAF7L 21hE AAIsH=A] &2
=Ae ARFEY £ FoI=, FoA718 71t Sl o
Et}. AYEZe)A 3—nitropropionic acidell & FE=¥
24814 4§ DHEA7l 9A131912H,'® DHEAY: U4
£ A= 549 7F cytochrome P450 1A1, cyto-
chrome P450 1A29] @& fHog FAAFE®
7] g# UM E] apoptosisE 4oA AEZAAEE o
ANZeH, o] Tl TUHRAE JAISk: AeEE By
Hct” 318, DHEA® peroxisome Z4lAlol9 7k Al
3, A 59 vlEE=g ol NADPH- 94 A7t
32 fehs 282 & 4 el '® DHEA o8 f%
He XA diEe sirdr] A4S vlelR Evf el
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TE Y¥30] DHEAC] 23 48y &3& W& F9& A
o2 B9 v} Yok®? wiw, wjEl E 2WA0lE 9l
FellAl DHEA 50, 100 mg/kg B73FALE & wf DHEA
£ 749] HlE] E <ol WskE FA @gkort, A A
ARIHE S A, 31 sulfhydryl (SH)71€}
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713, GST L HaA7le Pt a948 Bk 19
U 1553 FollA vjeb Egle] DHEA 4018 F1&
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e Qg 7 7FsF 71Re) e AuiE "gev) gk ®
3 DHEAZ} 3 7+ Al Zgsiastyols] FAstAR sk
A, Ay FEARE GEsheA] FHE ert 9k o]
o B A7 A e Fakst E49l vieR Es} Q1
FEAZ 7P B o EAshe #A 9A =22
91 DHEAZ} 3 3 d3lapgel] vl 989 1 71
2 A Gt Bosl=XE GolRuzt G ol
A8l B AP AREE DAY FERLDQ Tto 2?
2 A71ze] 8F2 Fout A7zt AE A} Y&
o 3etEe U FFE A e #8353
Hog QAEn gtk vER Ex R34S dos)A ¢
=0k B ug HHURl o] kg 7 15,000 IUZ BAI
1, Purina rat chow 5053 (5% w/w fat, 100 IU/kg
diet) & 718 AIEE AMSSIGITh B8 Uekd 843t a4
LS 2AIg DHEAY RS HolFEo 2 Tl 0.5%=
ol AES FH3I3ict

Mz X S8

1. A=

Agdgtn FEARF O ZRE o|f¥ Sprague—Daw-
leyF &3 SollA 45~80 g¥ A& Faol A4S 3
Ao A F 200 g AES] FAZE HYE w AYo
ARG A 23 st 2 7 10w, 2T
8ulE)E v § AP HolE 87 FF3Ich

2. AEAo| QI AA|

A8 A o]¥= Purina purified rodent diet 5053 (Ralston
Purina rat chow, 5% w/w fat, 100 IU/kg diet, USA)-&
FA o} AR AL vl Ex= 1.5% (15,000 IU/kg
diet), DHEA 0.5% 2olFE22 AMalgith Aol
i AATEAZ SRR o Weael BASIiTTT A
435tk BE HAES 712 AIEE ARSI 200 g =S
EA7} =L wl 57 APFoz o] A A3
A AES AT A% 852 Ito BEPE A
33t (Fig. 1).

3. NEY 28 X MAE

AR FEE PN F g dABl FA] 2R 4
BFE A the AFAel ol & FFAIA T AA
FAE Az k5 g2 7k o] A otk 2 ks 4
SAE A7 dAE 2 (154 mM KCl, 50 mM Tris—
HCI, 1 mM EDTA buffer, pH 7.4) ¢ 25 mlo] ¥ 4
woll Zot 4TelA dAsRE F 1% YAEE 74 4T,
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1,000 x g2] 73}l 1023t AR e3ic v SA5-2
o] ME ZZHET) o] 4lolA] xS ZHUXAHA I3
& Bohle] 47, 10,000 X g2} 7 3pellA] 2083t 4
A8alsigdch olelE (mitochodria, lysosome? peroxi-
some®) 2 WE Ef3ted —70To) A3, 452 A
ol AME3E7] flsl 2Rzt dlojuljo] BISIGITh ol AFE
o] a1y PalEE]7]elA 47C, 100,000 X g2 27131l
127 B9t QAR sl AlEd B8 (AEd)s A¥A)
B3 (o} 2= BE, = pellet) 07 HE Pk A¥A B
3o FAg gAoF BRAA E A9 HEEY FH
o] —=70TCelA W% B3It 4ol ARR-RT) 7
Z oy Fgd 3712 e 1y 2238 ke 2
kA AAE 8] YolHEH} 10% phosphate buffered
formalin g% YA Z Tt

4, MY ARSI M Q o} Bl0[FN LA

YoliEo 2 1AAZ 7+ 2R GST-P o 44
AAE F]13}7] 98 avidin biotin peroxidase complex
(ABOWE olg3le] B9 zA3eta dag s3ich”
GST-P oM 524 2729 #9) WAL Ze) sPHA7]
(Cambridge Instruments, Quantinet 520) & ©]83l] &
A3t} 10% phosphate buffered formalin %ol 3 ¥
7+ H & E ¥4 A18-3813itt

5. Mooty HA}
CwZn—-SOD A EE 10,000 X g F-3<lA Misrat

Fridovich®® ]| 28] Z-8313{} Catalase 84%E 10,000
x g pelletollA] Abeii? o2, A|EAEH A glutathione
reductase (GR) 8] 85+ Carlberg$} Mannervick®{®
©2 total Glutathione peroxidase (F GPx) A&
Paglia®} Valentina (1967) 2] %3-S 7lA1% Tappeld] W
W28 o] g3lo] AT X A4 Glutathione
S—transferase (GST) BAE+ Habig 59 Wi oz,
AFA BRI glucose—6—phosphatase (G6Pase) 84
T Baginskie 59 # o2, A4 istE FF 54
& thiobarbituric acid (TBA) ¥H%& o]83l¢d TBARS
gars AP S 92 bovine serum albumine
EFFAog AMF Lowry 59 WP & o] gsldd
3t

6. M9

PRI SASE o} g3l Z A¥reic} B EF Bl
£ ARKBISIEE p<0.05 FF] ANOVA test ¥ Duncan’ s
multiple range testell &J3] Z X2 (2%k A2, vlERI E,
DHEA) ol &J3t frol3he H3stalth

I plo d

g

1. Biz ¥ 0t 22 Bz}

AZE AL ANFE o= FAAQY AolE HolR] o
gkor}, 2—AAF Foi9) 7t HiEEAEE AXHA 2—-AAF
SAYZT (CON)& Agstne BE 2-AAF A2l
A A2 RS BT 4FR7L HEM BE PN 543

B 0.01% 2-AAF diet with 0.5% DHEA

B 0.01% 2-AAF diet with 1.5% vitamin E and 0.5% DHEA

CON: Controt diet (Purina diet), TON: 2-AAF treated diet, TEN: 2-AAF tre-
ated diet with 1.5% (15,000 1U/kg diet) vitamin E, TOD: 2-AAF treated diet with
0.5% DHEA, TED: 2-AAF treated diet with 1.5% (15,000 IU/kg dlet) vitamin E
and 0.5% DHEA.

Fig. 1. Experimental design.

0 2 3 8 wk
' — ‘ AFo) 71T HAF FAE 2-AAF AU Tl &
*
o v | °jF oz it DHEAE & TE°| 2—AAF Hdux1
1 - (TON) Bt} A& A5 F7FFE Bolql sl o} fejFo]
= : oA o O
TON r J OoOoO0000000000000 | A= ¥3Ut} (Table 1). HF 7F FAIE 2—-AAF SA4dx
Y Table 1. Effects of vitamin E and DHEA on liver weight, body
TEN 1 (T I D G D O D O D | weight and liver/body weight ratio in rats fed 2-AAF and tre-
< ated DEN and partial hepatectomy
oD l SEEEEEEEEEEEEEE8E8E i Grou Liver Body Liver/Body
X - P weight (@ weight (g)  weight rafio (%)
TED r | D EEEEE l CON 7.67 = ].OSD 366.67 £ 44.46° 2.11 £0.37°
) . . o ) TON 9.09 = 1.37° 299.29 + 25.89°  3.03 +0.28°
| 1200 mg diethylnitrosamine (DEN)/kg body weight intraperitoneal o R o
injection. v : 70% partial hepatectomy. t : Sacrifice. TEN 8.43 + 2.76 288.33 £ 30.72 2.87 £ 0.63
[ 8asal diet (purina diet, 5053) a b a
I 0.01% 2-AAF diet TOD 11.26 + 1.63 267.14 £ 33.15 421 +0.28
I 0.01% 2-AAF diet with 1.5% vitamin £ TED 11.45 + 1.72° 263.57 £ 19.73° 434 + 0.51°

CON: Control diet (Purina diet), TON: 2-AAF treated diet, TEN: 2-
AAF freated diet with 1.5% (15,000 1U/kg diet) vitamin E, TOD: 2-
AAF treated diet with 0.5% DHEA, TED: 2-AAF treated diet with
1.5% (15,000 IU/kg diet) vitamin E and 0.6% DHEA.

Values are mean + SD.

®°Means with different subscripts are significantly different at p<
0.05 by Duncan’s multiple range test.
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Z (CON)©] 2-AAF FYhZZ (TON)o] ula) ezt & %tk Cleary® = DHEA| ojs) 1H7AF F718ka wE
Qqou} goHox] ekgtm, HlEN EE B33 TENTS ol 8] Awshs Adn gstE dirlel #dd
2 (TON) 3 ¥xlol7} gl 7+ BAS Byu) Jept 7 4840l M3t A ol s vjwbdx] adrt &
DHEAS 2 TODZ3, HlEl?l E, DHEAS 7] & TED  Rel2kw 3iith. 3 DHEAZL 2lo] 32l Adagle] A
2 gz (TON)O) Hls) §oF02 7+ BAY} Z7ket 3718 A7 ek Gt dokn s5oh™ A

Fig. 2. H&E staining (A, C, E, G, I)
and immunohistochemical staining
of GST-P positive foci (B, D, F, H, J)
in livers from rats fed purina diet
(A, B, X100) with 0.01% 2-AAF (C,
D, x40), 0.01% 2-AAF diet with 1.5%
vitamin E (E, F, x40), 0.01% 2-AAF
diet with 0.5% DHEA (G, H, X100),
0.01% 2-AAF diet with 1.5% vitamin
E and 0.5% DHEA (I, J, X100) and
treated with DEN and partial he-
patectomy.
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29 2 590 ¥] (U/B)& 2-AAF SAYEE (CONel H]
8 ZE 2-AAF H2Tol felFez gk wlgk B
o sHE ek Zaske AP Boled|, DHEAS %,
TOD¥3 TEDTE 2—AAF SHJUZT (TON) Bt} &
dHoz £ AFY 2k FAME Bk ol DHEAS
Bl 259 AF FvlEe] AW W, 7+ A ZRES
27] WEo2 ualt)

2. HARNDION HAL

AT 25 DENF 7H-EEAeS Agerg 57
BE5o)A H¥H glutathione S—transferase (GST—P)%*
AFA AHo) #ZHU (Fig. 2). 2—-AAF o tixF
(TON)°] 2-AAF&4 tixZ (CON) ol uls} GST-P%

A 2EFo] ooz ol A= et (Table 2).

2—AAFS} 37| 2ol B7}slE 1.5% BIEN] E (TEND)
9} 0.5% DHEA (TODI) & 55 GST-P 4524 2
ARG FoH o2 ZF4AFTE DHEAY} vlEl ExXh
GST-PHEFAAN 2EYY JAaAE A Jepstch
£3] DHEAY 2—-AAFE 5931 &2 CONTH #&

FE02717) GST-P PYZ4Y 2eune garzich

2-AAFZ Foisiuix, vl EL DHEAS 7 & TED
T% CONTH 2 $E0 2714 GST-PIEANYAA
Azo] Aozt 1WE] DHEAY 3 viel ES 3 &
TED¥8 7% DHEARRS: g o 2o} ot GST-P
T AEEF0] Aoy, f2ldelx] sttt
183, DHEAY GST-P 54/ 225 Aaoxs}
2o] A ZxAFR o vE Ex AEFE BAA)R
E3t}. olulz DHEAE GST-P A4 239 A4
7 A3E BT AT 5 e 295 M 2o A7y
o] ole] H|a} HIEM Ex GST-P AIEAA A2 A

Table 2. Effects of vitamin E and DHEA on the area and number

ZAAE QAT + Gy 432 A ¢ Qe Rojg
Azt vjel E¢F DHEAE 2% GST-PYAZAA
AXAEARE A8l on, E3] DHEAE AH 9] FA7AE
AAEINE Row AzbEl 781 DHEAE 1 JAad
7} ol AM, 2-AAFE T &2 T 2L FFo 2t

A PYFAY AREAT £5 A,
3. yofr ANy

1) Cu/Zn-Superoxide dismutase(SOD) 8T
Cuw/Zn SOD BAEE 2-AAF §ojo) 23| 7Aslgio
o, H]Ell E9} DHEA®] 93t 988 ¥2 v ket

o] o]d AHAHST Mg} 2 Ago|t} (Table 3).

-2 ZRE AlEA 849414 O, A4¥ SOD &
o] ZAaEHH, Mn—SOD: A9 2dddy u® 7b
Ag e % Cu/Zn—SOD 84do] ZHaEo] A Aka
o 93t fEjeitZ &Yo] of 94 Folgta s
CON9] Cu/Zn—SOD &4°] & Z& & o, DEN XX
g} 7 FEAEA & sl D 0, & a7 o7 AAH
FRE Ao g AZEn 2-AAFE o] HrlslE Un|
59 CwZn—-SOD E4o] WolA O, & afFoz A
AR Zalgle AoZ Heltk 12y DHEAS v|ElI E
7} GST-P H3544 ZAZ2WHAE foldor waui
Cw/Zn—SOD &4%el ¥ 43Fe TR @& 3= Jehd
e 9 F 220 dsHge dAs: 712 Cwzn—
SOD9| 71dzk= H7 Awo] Y Zow Azkgct,

2) Catalase ¥

2—AAFA ] &) catalase BAEE FoFo=g Z7}

Table 3. Effects of vitamin E and DHEA on the Cu/Zn-SOD, cata-
lase, glutathione reductase in rats fed 2-AAF and treated DEN
and partial hepatectomy

of GST-positive foci in rats fed 2-AAF and freated DEN and Glutathione

partial hepatectomy Cu/Zn-SOD Catalase reductase
— - Group nunit/mg punit/mg nmole NADPH

Group GST-P positive foci protfein protein/min oxidized/mg

Area (mm?/cm?) No/cm? protein/min
CON 0.77 £ 0.37° 2457 + 6.53° CON 130.11 £ 16.99° 18244 £ 58.84° 94.79 + 16.71°*
TON 10.99 = 2.77° 87.99 + 18.20° TON 83.87 = 12.21° 33582 + 127.08° 141.15 £ 11.75°
TEN 6.53 + 2.31° 86.97 + 33.59° TEN 88.84 + 14.19° 231,33 + 76.52° 123.53 + 13.99°
TOD 0.69 + 0.40° 12.85 + 6.40° TOD 79.64 + 7.40° 15543 + 43.73° 83.75 + 14.33°
TED 0.42 £ 0.16° 10.64 + 4.09° TED 88.71 = 11.70° 142.90 + 59.04° 107.30 = 5.74°

CON: Control diet, TON: Carcinogen treated diet, TEN: Carc-
inogen treated diet with 1.5% vitamin E, TOD: Carcinogen treated
diet with 0.5% DHEA, TED: Carcinogen treated diet with 1.5%
vitamin E and 0.5% DHEA.

Values are mean = SD

“*Means with different subscripts are significantly different at
p < 0.05 by Duncan’s multiple range test

CON: Control diet (Purina diet), TON: 2-AAF treated diet, TEN:
2-AAF treated diet with 1.5% (15,000 IU/kg diet) vitamin E, TOD: 2-
AAF treated diet with 0.5% DHEA, TED: 2-AAF treated diet with
1.5% (15,000 IU/kg diet) vitamin E and 0.5% DHEA.

Values are mean =+ SD.

“*“Means with different subscripts are significantly different at
p < 0.06 by Duncan’s muttiple range test



31317, viER] E¢} DHEAYE catalase 35S o302
Ak viEl E9F DHEAE 3 S8 3%, 212
£ W F98 mrr} catalase BAEE A AAaAHL
4, gol&ojRl= 99kth (Table 3). DHEA} peroxisome
Z24) 23S kA, peroxisome?] X EAAQ catalase
FYEE G, B APoME 23]8 catalase®
AEE fo7og ZaNREY ol F5E Wt} Pe-
roxisome Z2A7} 7+ FAE F7MA171E mitogenic
activity 2 k= 7)) thdt A7) B —oxidationel 23|
peroxisomedA] AAEE H0,9} olell e} S71e 84
Abae] B4 3l AR FaBo] ARk g
w2o|tt, B A3 AYA dAlelN Egd Folg Wol
A€ H0,00 g3 AT S50l 25, HERLE
7} HO.Z AASN Fo2X AEFAFE AABIS o]
ghe Rp%9) e ARE »irk. 134 Mcintosh 5%
& DHEA7} catalase BAE ¥ ole} o} A3t 54
o] 4L FTMRT Rusi oy gelaaE sk
59ko] DHEA a¥E AuE EA3ZAFe)N DHEA:
Cw/Zn—-SODE A$iet O aish 54 BHES HaN
7= Ao JeRth Aragno 5% DHEA7} strepto-
zotocing A8 ATZ A3H o RE B &
7} lrkar sict

3) Glutathione reductase(GR) 23T

Glutathione reductase (GR)& A% glutathione (GS-
SG)& $HIAA S8 glutathione (GSH) Y AW 55
& §AA)Fl= £8P GSHE XA 33} whgo 2
BE A¥ohs ¥Esi=dE $2350LY GREYEE 2-
AAF9) 93 feld oz Fr1ei3la, vlell E9F DHEA
o gJaix f2F 0w ATt (Table 3). GREYo] F
740} Qlrhs AE A7) ARk AEd A Yok 9
o)z vlell E9F DHEA®) 98] GRE40] ZH4¥ AL )
EF E9} DHEA®] 2J8 Atshs &40 g 22 GSHY

HEEAE2 e 3805 1364372, 2005/369
07} Zhadiel7] WEeg AzEn) Kim“E vl E
7} AR A E A2A7)E 28-S sRed) Bls DHEAE
NADPHE AAJsR= malic enzyme $& #5319 AEE
231 o rRE BIs 4 & Folzta Buslyl
t}. Hlel] EXEEc} DHEA®) o8t GREAE7 Bl #9)
Aoz ZAagQlEd, ool 71&d o dAstatso] 2
719} vla7lA)2 DHEAE peroxisome S2AE @43t
EAZ SEEIE AW, 2318 PAstEL GAEE AL
ANRod 1 Z3= v|ehy Eof o3t RAxrct o ik

4) Total glutatione peroxidase(F GPx) 2§

% GPx A SE 2-AAFY 98 e %S BX
o1} fodol)= gt HIER Est DHEA EF %
7 (TON) Bt} ¥ GPx BAEE TAaAZET, DHEAC
o3t ZAagW o & AEE B3k (Table 4). Kitahara
=99 By oJsbA DENe] 23t 3153 2F Al¥Egte]
TEHEA % GPx 8Alo) Z7IBIgeH & A¥dME 2-
AAFE AX)8 F9A Z7} A4S Bl F GPx 840 ]
€l2l E9} DHEA®) 98] 24 2L ulelq] Es} DHEA7L
7 Axgsa S A Axnetn A24E 4 Qick ey
vl E9} DHEAZ 37 & 3¢ AS5aHE RoAe
ket

5) Glutathione S-transferase(GST) B¥x

7¥ cytosolold GST 8AIEE 2435 23, 2-AAF A
ol g R F718Is e, vleln! E<} DHEAC] &
3 A7} S8 os 7HAsltk DHEA] oJgh 24 4
7t o #A, 2-AAF SAUZR TR CONTl vlsiME w
& YEE Bk vE E9 DHEAE 3 & 75l
T 3 7Asi o) DHEATRS: 308 grthk: ¢
7t 28 & BT} (Table 4). DHEAS) HlERI Eo] &
AN g JAFEIE= GSTSY 7147 FAU0AH,
A&7 ATEA GST AT} Hadt Aol A4

Table 4. Effects of vitamin £ and DHEA on the total GPx, GST, G6Pase activities and TBARS contents in rats fed 2-AAF and treated

DEN and partial hepatectomy

Total GPx nmole NADPH GST nmole CDNB GéPase zmole Pi liberated TBARS nmole TBARS
Group L . ) . . . . . .

oxidized /mg protein/min  conjugated /mg protein/min /mg protein/min /mg protein
CON 241.93 + 20.95% 603.74 + 86.46° 9.86 = 1.68° 2.25 + 0.23°
TON 265.72 + 28.72° 886.49 + 125.69° 6.76 = 0.75 3.10 £ 0.97°
TEN 211.45 + 32.13° 730.81 = 47.61° 7.03 + 0.46™ 0.94 + 0.23°
TOD 20093 + 9.05° 468.43 = 54.85° 8.11 = 1.49° 2,10 £ 0.72°
TED 223.75 + 23.71> 503.36 = 58.24° 6.24 + 0.38° 1.22 + 0.40°

CON: Confrol diet (Purina dieh), TON: 2-AAF freated diet, TEN: 2-AAF treated diet with 1.5% (15,000 IU/kg diet) vitamin E, TOD: 2-
AAF treated diet with 0.5% DHEA, TED: 2-AAF treated diet with 1.5% (15,000 IU/kg diet) vitamin E and 0.5% DHEA.

Values are mean + SD.

w<dMeans with different subscripts are significantly different at p < 0.05 by Duncan’s multiple range test
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F vk & FAst 2459 Ane) viR7IX 2 DHEA
+ 23]8 vl EXt ) GST BAEE 9% Aog
ERdeh 18l3, GST A Uist a7 s vlel] E
¢} DHEAS] A5 avh= e A gotet

6) Glucose-6-phosphatase(G6Pase) &<

Glucose 6—phosphatase (G6Pase)& = 2 g4&
A F2 ) A7) Bxsty glow A7} &AkE A
v FHEA BT Zadtia 23R Qo) AEut
o] HEE Yehle X EZ AMgEth G6Pase BHEE
2—-AAFXE)e] o8] fela o= Yolxy, vel Es} DH-
EA°] &l foldo)x)= gigtor), t=F (TON) e vjs)
¥ 3%g B Choi 599 489 o) vl Ex
2-AAFA A & £4re A et HAEES 3B
A7)ed Z3 o)tk

7) Thiobarbituric acid reactive substances(TBARS) &3

Zr ARAERe] AAtE A5E 7] 3 A3 TB-
ARS $& 2-AAF°] o8] fodoz Frlslgion, v
ERRl E9} DHEA® oJ8) f2ldoz 7tasie}). vlekl E
7} DHEART AAIISHE BFS oAA)7)E Fo] o
Zc} (Table 4). Choi $¥3} Kim $72] A3 A9} 7o)
el Ev AAEE AdE ag3or golsgit
712]3 DHEA %A AAFNSE A4S oAlske Pkt
e By

20 Q1 BE

B A7E A4 1 st 290 viell Eg} izt
TEAZ 7P B o EAshs 2l 17 3229
DHEA7} #H3be tslapgel mixls Jds 1 7)78 3]
22 3l Ito B2 o] 438l 7F AlEUE FEshaA
HlEl) E9} DHEAZF A9 Rl n|x= 939 7V
& 7102 A kgl a3} BFhexE dolr 14} 5}
o}, 48226 JAIAIR diethylnitrosamine (DEN)
< BFABla A2 0.01% 2-AAFSH ZHEEAASG:
== Aslith A84ol& 7] 4o|Q) Purina purified
rat chowell 1.5% (15,000 IU/kg diet) vitamin E$} 0.5%
DHEAE 371351 vljglql E B32lo]9} DHEA HZ4)o],
a383 F7RAE B BHEE AolE 657 9o AR 8
F Fol AAIFTE 2—-AAF Al ZFEAE 7M7)
7A%E Bolon AFE FYAE AANA AFH T F
AMIE FFoz 7R £ GST-P HAHZAA
Ad A3z 5 f93 g ZMNA 7 Axgsiay e

aHo g $5319t 2-AAFE Cw/Zn—SODS) A% 4]
9 AT 9] %9l G6Pase BAHEE foAog 7haA]
Zom, F GPx AEE 771 A3, catalase, GR,
GST Y59} AAIIE AYFE Foldoz F7lA
Zck. BIER] E BF 392 2—-AAF FAUET (TON) 9
vla] AERoke W, ZHEA, AT, AFD EARCN 2
zlolE Holx] ettt HIEN E BEL GST-PRAZ2)
4 AEHAE folFoE aAF oY ARSI ¥
&S TR stk olE Ew v|ely E: GST-P %4
A AEY PE JAE ot AL JATE
£ Ro® Az £§ vjEl EE Cu/Zn—SOD$}
G6Pase 8AZele= @ 9L 71XA o4gky, £ GPx,
GST, catalase, GR ST} A A3ibsls AAHS 79
Aoz ZaNFor 53] AAteE YRS A 7
Atk DHEA 2% &35 2-AAF HJU=F (TON
D el B3 AHEYE o, ZFRASE FRos SR
on AFlME E JIE FX wekod AFY 7HEAN
= fY3oz F7MAT a8ln GST-P AEAA A
AU 5 fox oz ATt o]2 Eu) DHEAE
GST-PHIFAAE AE9 A AZE FAlo) JAsh=
Aoz AztEct =5 DHEAYE Cw/Zn—-SOD$ G6Pase
o= E IS F4] Bl o catalase, GR, £
GPx, GST S =9} AW IE WS Fojdoz
AFEd GR¥ GST 8=E 2 Zo 2 744A3tk DHEA
I o @48 E 849 HAL 2HsE A
°% Hol|=d],'” DHEA® &34 22 G6PD 84S o
Azt k] A, ERE JASKE R, HAEH 1 @

30 ol of

BRATY %, Ho)EAY FdaFe) Al &

SFIIEINE 717 & Tt 2ud v Qo
B A¥dME g3l S FEshe 5< DHEA 23
g 54 TS FEHA ¥otoy 238 Cu/Zn-
SODE A9)3t o] Fitsl a4 ST XAEE A
o] oA oE ZAHR o] Az RE 38
o R 53 FHAAEY UdstabgelA nell E9
DHEA: A #¥ A EQ GST-P HFAA A-H
AL 2oz TAAFon, E3] DHEAY ZAAF7IA
HA2RAPE Aoz yeht, A- AR AFE FAo] A
Ale Roz AZbe). =3 vjepyl E$} DHEAE A4
WI3E dat WA WoJEAQ) GR, catalase, ¥ GPx,
GST AEE RFe4og ZaAFE ol ¢3latAo]
FEEE 2t A AR &3S A dela A
Zrg), 18]35 peroxisome £AA12 2812 DHEAE ¢+
Yol FEE= FQ catalase BAE 7} 58
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