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Be (SOD)E M 5 AEMERBE £ 2 & 24 total P450
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A FEQRE > mB%4E K E A A ey TBARS &9 #
WMo AR RACE R T @ BT %k K B # 4 b 3R GSH
GSSG ~ A Bk %= fe E 38 4% % SOD F» GSH reductase % %
B uricacid REFBREXE - MM RBE
K h > @ CYPIBI 4o GST M A M » 4 MM A 5L &
EX A HmEY -

et A K E > WmEéE & P450 MALKLA S
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Abstract

Lipid peroxidation caused by free-radicals leads to destruction
of cells in the animal body. Vitamin E present mainly in the cell
membrane, is recognized as one of the most important natural fat-
soluble antioxidant. With the presence of phenyl group can transfer a
hydrogen atom to the free radical, thereby exerts its antioxidative
effect. Recent researches have shown that dietary vitamin E can
affects the activities of hepatic cytochrome P-450 enzymes, however
the results were not consistent. The goals of the present study are to
investigate the influence of vitamin E on antioxidant status and
antioxidant emzymes and to investigate the effect of vitamin E on
activities of hepatic cytochrome P-450 enzymes. Three groups of 6
Sprague-Dawley rats were fed 0, 100 or 1500 ppm vitamin E for 7
weeks. The results show that dietary vitamin E significantly
influence the concentrations of vitamin E in plasma and liver, and
vitamin E can significantly inhibit the formation of TBARS
(p<0.05) . For antioxidative effect, it show that vitamin E affects the
concentrations of RBC reduced glutathione (GSH), and GSSG, SOD
and GSH reductase activities in hepatic cytosolic fraction, and uric

acid level in the plasma. For microsomal enzymes, the CYP2B1 and



GST activities were positively correlated with the dietary vitamin E

level.

Keywords: Vitamin E ~ Cytochrome P-450 ~ GST

Antioxidation system
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BERITHFSZHFEH FREARENRT X - B %
ZARBEAR  SLAALADBANEBALCLERMERAL
A & % (Yasuda et al., 1997 Poyer et al.,
1980) - st A A ERABRN Y S TFTEREEET - &
BF BEBEMEBEEHAA BB RAELENEIRZRRA
4o & % P450 M &1 A (Ando et al., 1985)-
R EFMHERE - B Y A1 (Esterbauer and
Cheeseman, 1987) » NADPH & 1L 88 fv E X 4a B & & 1F
A (Chance et al., 1979)- \

AHBBRE —EFEHRELHEELZL S TUFT AW
A F-BRALOBRARLALBEELT > &4 F
A2 ALY B ALE(SOD) - e (catalase) o 4 Bt
H# ki S 1t (GSH peroxidase) BEEBEZ A A Y
HRNTEAERELEAH BB RN ER > RKA B A
e BE A BRALSHHEEXR ALY T
A2 FC-BA2FE- F-ABHF - BHHEKR
(GSI - ZamBh k&% ZTLYETURMR
FFeTadi HARINZIREAEBE AR
RRHGEDOMEREALRES MAZTBRALZ
b HAEFE AEBHOBETHAELNA
& o Wi B2 %4 (Lalonde et al., 1997) -~ 4



£ #% 3R] (Wander et al., 1997) # & # (Dekkers et
al., 1996) AL BB A HAWRERNGE - ¥
EERMH-—BaETFTLETERRA  ZHEHBEARR
WA mBUHABHBEREREFESE L FE
8 & # ( a -tocopheroxyl radical) ( Chow, 1991)-
At 2 E AR EIEHRLABEL T4

2% E 2w v LR BEEAS  RELZX
BARG AR K AHEEAACGEE  BHFABRE
MEBEETROGLMERBReRELTPLIFRE  F L

TXNRE RATREFNSYBE - KAKLTF
et 5E st htitd BESLEZE %
HHBENEETBALEY HRALBEEFLEECRA
by FHEE  FARLEFCH @KL E F P40 &

FREMHOHBE -



SRR 3R 3

BaAkeE 4

BB ARETMHANEL AR BEHRBRAMY
AR AE AR =& Mk R-FHAH
B A RMBEBLENDG T TBEFTEY
RFXEFEAEDER o e F P450 &
mER - Ry EFEE - 5T A1 - NADPH
AL EH@BEEFRAE  FEeHEEIHAS
F 9 2 & (Chance et al., 1979) - B & F R & %
F &3 110, (singlet oxygen) > 0, (superoxide
radical) ~ H,0, (hydrogen peroxide) ~ OH"
(hydroxyl radical) # (Klebanoff, 1980) - &
By FEEETKAT  TREBALAHB AR E
LS BFEAR  ERNARALTE LA L5
HARAREEARANFHRAS FHFRT Rkl
MR EEH - BEHBAL - BEHEY
HERAERDNA SHEE - BEmnfnepthimnn
+ (Gilbert, 1981)- BAfCE 4B A E 4 A
M EREITWBKREKEIL - RERHH £ ~ &
B A KE (Deissetal., 1970) F & & (Horvarth



and Ip, 1983)% -

Bs B & £, 1t

I

BEBALHBERERALDBRANTA
BN ERLINACGEE  BEIBRALTAEL SR
B Bl Eia B8t RS AR - F- BT
BR-BEBESGEABUREAERNEY  BEH

BEATHAZERE > Gkl - B &L
%4 B (Halliwell and Gutteridge, 1990) -

(1) &% #H (initiation phase)
Feafodgd (B4E) LR EAXEIRFRE FHE
Mk xS EFHAREBE

RH (o 48 40 Bs o5 8% ) > R+ W
(2) #4# (propagation phase)
S BAatH M EREETEHERE -

R"+ 0, > ROO"
ROO" + RH > ROOH + R
(8 ~ & ~ B )



(3) & i+ # (termination phase)
B ALBRE > TR TFTHHARMELILE -
*xHBEabABEANER AL IBEHEEY

R &Ik -
R™ +R° . > RR
ROO™ +R” » ROOR

HaadEXFn wadAWFnHE (L5 E)
BTE2RLRE  RABALLORBEAEN D
BLAFHABREANBEHA

ROO" + AH »  ROOH+ A

AH- + R b RH + A

v mpa®EaitsE

W B EREER AHEY - %é%\"%ﬂi‘
Howmkibbmrman BEEIYA>EEF
= Bs #8 (phospholipids) ~ B & # (sterol) % -

Ev X208 AB B bEs

(phosphoglycerides) » Z R B 8 B & 4 fo B
FREALNEER - -afB T % E D&Y
SERXHEIEOAGN  RANABLOEE YT o
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FaeEEET Rl REF S LEAFRHKRNHLER
2 & (Ben-Zeev et al., 1979) - =& % &
ICHEELART BRTITEBEERT B AILGEFIN
pREmBELOEOR b NIRRT
% % (Richards et al., 1988)- & # A H & &
164 (TBARS) 8y &£ & > T H & A LFH

( Cadenas et al., 1996)- % 4 % %= ft 318 % &
CHEEARG  EAEITHEARTHISHE -3 &
(Schuessler and Schilling, 1984)% % R &
(Dean et al., 1986) - B 6% & 7 %m o B b 4 4
RAOBLELE  WEIROBEABEAERLR
DB TR e BENRASEE M @R e e
Bey 4 £ F % (Jacoboson et al., 1983;
Schlessinger et al., 1983) - B s & & T 4 &
— S FEREERERAETNEREARE
(depolymerization) * 2 R éa B B L m g EH %
B % M2 3® akiE (Schlessinger et al., 1983) -
ME@RBENETIELGRICHERE R EEY
e - BEM - ABTFRPECETHRE M
o RESFBR@OBRER - BERE o kTR LW
BEGEE RAXNFTERZARDEZALARAMLTEY
BB PEBERAGR ALK &% (Chow, 1979)-

1



W A BARYSREAIL R &K

EHBARABEFEFHORSY - TLIXRBENA
B R EHMESMABRAMAL B M AL
MR AEGEE - AHBETERB RXEMRL—
ALGE  EBNF - EFREORALEZS&
(Cotgreaveetal., 1988): & HF L &1t o F >
EFRBEBUETErABBEERESELE X EHN L -
WEREF FREBHEASF LT K (GSH) -~ 4
A5 C HEBRE BRTHRAKS TS Z4EF
WEtEER > o8 A1t tEs (superoxide
dismutase, SOD) - #% & (catalase) #= £ Bt # MK

% 4, 1t 8 ( glutathione peroxidase, GSH Px)

ZB8E—~RERALCLZSL AW AEBANE A —E
BREHBS Bl atsgE -

(=)#% 4 % E

“Ax FEMBETRESEH
4t EEXERGAEYDS T AEFTHYHR
s 28BNz 84 FER LA FTHREN

12



( Century and Horwitt, 1965) st #4 4 % E X
HEBALEFTE R —HAFehRkHTAELEFHR
EECAEABARARFTAESEEERY A Xa > B
y ~0 (B—) BHYHNLZERBGABHERL
BETAGHBRARERF > ZAHAMGKES RH A
Ea>B>y>8 - A ST b2 FEFHAESL
RAEARLAARE  ERFTARRLXAB A a-
tocopherol acetate (TA)» R E N & 4 4 £ E -
H % 4w a -tocopheryl succinate (TS) > a -
tocopheryl phosphate -~ a -tocophery!l nicotinate
HAEROGELEFTE FRAMEH S a-
tocopherol T £ ¥ KF HEF AU L R 1L F M

( Burton and Traber, 1990) -

E FEHAFHHM

“E2 FERABEABEHOAEAESR X220
e (Niki, 1991) A @ B2 ¥ R a-
tocopherol B # & K #9 4 # % ¥ (Parrish, 1980) -
A2 A ELEAAYBRRNRIZNSERBEERE AR R
AR AESRBERE > TLLERB AW RSB
AILE2ERE  FHREIKREFIRLABAWASBE
it B & & (hydroxyl radical ) B &1t & & £
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(peroxyl radical ) A # & &, 1t B & % ( superoxide
radical ) # A B LV & - BESEHWALE T -
RBABRBARAERNRABEMSER AR —
( Ahn et al., 1995; Machlin, 1984)- |
HAE K E HRNEB S AABIRE N &Y R
# A #shx (Kanner et al., 1987)- m % n R &
ENBRRGEN BB BEET L S adA
ZHABDMALBALRE - # 42 FEABETBAL
REFTTUAFHREGE K LBEETBALYREHR
-2 kbW RACHERINAANALEFESR
#HrwBREA RE-—ELFFLEBBLA WA T
AFWAR—BHBENELEFEaaE (a-
tocopheryl radical) (B =) - A FHR A %L 4 ¥ E
B E it E o AKX THR R4 4 % E> & ROO-
Ko A BHEABA
TH + ROO: ——> T+ + ROOH
T.-+ ROO: —m» nonradical products

(Ham and Liebler, 1997)

TR aHEBE  BAHe AL TARP
B 42 FE Ae B YLREA OHE
(arachidonic acid) E B EHM R a4 A 8
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W4 % te i BE 89 48 & ( Kagan and Quinn, 1988):

FRGRFRTURBEREELNALGE Ko
BAER  BUKBBEIFEIARIBE - ZEEHY
% % B £ F M (Reedetal., 1987 Takenaka et aAl. ,

1991) -

4t EEW AL

R MR A E B SRR R
% C (ascorbic acid) R # s # Ak (GSH) B2 & £
48 B (Bendich et al., 1986; Chen and Chang,
1979) - i % 3 Afo K 805 RAb o B T T i
44 % FE #9% # 4 (Ursini et al., 1985; Rotruck
et al., 1973) eMeLTuEBEL FERLE L&
(Chow, 1991) A — & B R B s & % C- £ Bt
#AK(GSH) REBBEAFA > KALKGEL FE B
BRABREARTURAYAANANELERTE(R=Z) -

(=)# 4 % C (ascorbic acid)

#AE T CRABEBEREEHAREIRREL Y F
( Anderson et al., 1987) v A B T A A T &
BHIE It - HH LEEHZEIIRE Ed 4K

15



Bow#H o BpHAXIEFHR ELRAMBEMBE -
T U FRA AL T (superoxide anion) ~
singlet oxygen A & 8 &1t B & % (hydroxyl
radical) (Bendich et al., 1986 : Frei et al.;
1989) -

FRHRAAEERRAEEFTCRESGSE L 4L K E
# % £ € (Bendich et al., 1984) - ##4 £ CHh 4
A5 EA+A W BRABEREFRA‘LYE > Hruba F A
(1982) M EH R LR EAH L ELEF Co T R
PEMEBEEFTENAK B —BRARLERELE
FCHBg s FE_HF2xHMYRACHERAREFTBEXK
R A FETRHMAL AL FChm A L(Rojaset al.,
1994) -

(= )% 3 # AR (GSH)

#MEHK (GSH) AR ALA LT HEE R
Al R HRRARBZBARABRTHERGRESER
Aty T e &E#RAEy -Glu-Cys-Gly- Bz o4
et R E BT EHYERRET
%% 0.5 - 10 oM (Kosower and Kosower, 1978) -
BEHRERYAEAEDRRS > TR HFE (DHDERE

16



HEBREFREA@EAZ EARACEHSAE  CHA

# Bk H K8 @1t B (Glutathione peroxidase , GSH

Px) &% ki@ A& (H0,) kD A4 F@aH»n

W R E 5 FE |
GSH Px

ROOH + 2GSH > ROH + H,0 + GSSG

(Jacob, 1995)

(2) 28842 FE8F4E-(3) 2B BRE
KRR BB EREBRBH AR LEGHEL
BOARDEES S RDYKRBBRE - A B
% s (Reed, 1990 ; Neal et al., 1987) (4)#
FHREZOHREBETENE T HFT @B XTETLEEYDLE
( Kosower and Kosower, 1978)-

AR REESRE FHA KA KRGS #4444
1o & o9 2 Bt H AR (GSSG) > M & A6 f& o9 % Bk & K
LA 3% iB 4 Bk H AR E R B (Glutathione reductase,
GSH Rd) # A » ¥ AL E R & # 8t # %k (GSH)
( Skrzydlewska et al., 1997)-

(w)# & 1t sk /1t B8 ( Superoxide dismutase, S0D)

17



ALty (SOD) R — B ELE&ELS B ET
BREYZBEF THAARBERFREIRLA A
ABmBORERFTESAREAHER T wa SOD
ﬁﬁ&%%?%sw%um~ﬁ%&@¢m’ﬁ%
AR A M A e W (Fridovich, 1995) - @ 4 &
MAEHETEZRERBERNSODEBEZAEBMN O BAL R
F (0,7) TRERM A B A & A K (H0,+0,)-
A —BEENBERH
BEALEILEERS 0, BAR H0, R BT

20,7+ 2 H' ___SOD . M0, + 0,
(Jacob, 1995)

ZADBRAGBERHE SR

EHTUEORAENERBRENEDHA  EBRK
BoHmBARBROEENNL TEBRRNYBHFEB
TR O BEFHER HERLEDBENEIZHNHR
FRHEBET RLECRAENH-F - DIBH - -PFEFERE -
BB ERHBR S AR T H > o 3 A phase I
% phase T (Veld, 1990)- & phase 1 - ¥ s M
fc2HmEediit - BERRAKBHER  HILEYDHE

18



MERAEAAXGENBELEZAEUANRHEY T
PAUOE B HEWH BE 4h & & ¥ A phase T - £ phase 1
T phase T RERSBBLYEDRE-—FTRTES
# B (conjugation) (Anders and Jakobson, 1985;
Guengerich and Liebler, 1980) - £ &4 A 2 ¥ K1
A Mg B (sulfate) & &§ B 8 & (glucuronic
acid) #w# st # Ak (glutathione) E A E M & ) &
F#® phase ] EH &S HmwE LY T REHEMN
LA A iR GR HE B 4 -

19



Integration of phase I and phase 1I

biotransformation reactions

PHASE I PHASE I
BIOSYNTHETIC
HYDROLYSIS CONJUGATION
XENOBIOTIC —PRIMARY — " SECONDARY

REDUCTION  PRODUCT PRODUCT
OXIDATION
EXCRETION
LIPOPHILIC > HYDROPHILIC

(Veld et al., 1990)

N~ @ pe e & P450

AF B ok 22 %4 B0 & & P450 & B » phasel
FOALAVBAFARAEB I LA KL TR E F P4S0 B
FENADPH i & X PASO R RBE—E M AR &
18 % (mixed function oxidase > MF0): B4
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SILBRYE - mBp e EFPOIBEFTRERAENET S
B REEA VADPHRBETARRT 004 M -
mpe FPASOBEFR—HLMBEaH EoXE
48 (heme iron) #H XBF A =R/ & > 43R A=
MM s & & P450 B F & & & B F (ligand)
o ok — AL S fF e P4S0 A — AL
HBRAESHMAERL K A0 N MAARERRAEME » B
ULia g &, % PASO R & - mpp & X PADO B £ 2 &
BERAREBEIER > BLEOEARER
monooxygenation® &8 FH A% % > H & NADPH £ #
BET RREBARARRAMANAAS &R
( Guengerich et al., 1991)-

it e TPA0E AR  E5HEEZ R
FERNER BHbhlape FPAIBEIRSERRE
# o 4] 4 polycyclic aromatic hydrocarbon (PAH) -
REHEFFTORBE R Kbt F P50 1F A 4,
FEYETRERENEEF S A (Gonzalez and
Gelbolin, 1994) - e —F B E Y E LA L e &
FPASOHAAL L eBEREATHGTHE
MEmMEBREEAL BT BEARHBRETH
R LE  HeapPAEABRLESHURMN ¢4
A BEE (DNA) S REZGEFLESMER BB
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X o mBpeXFPLIRBARFERY T HFH
FEHEMBAHFR, ARXREREDWBRNEAGHFG TR
RamBpeFPOORILLEMIRESHHFRFTILEARA

i & e
t W FPAIFTEHETBALRE

mi e F PAS0 A EATKH - BE - FTleid
By InedE Tl DA EBEREREAR
# F( superoxide anion)(Halliwell, 1989; Gorsky
et al., 1984 ; White and Coom, 1980) > W 3] %
A B EEBALCRE -

=4 2 & Hochstein L & Ernster (1964)x& %
HEREBNADPH AR - A LA MB B
FBHBAILELE - ZBWEZLERLETE B oA
BFE - FAL -BEAPREE TR e
Z 38 WA NADPH & + 8 8 R 481 & 4 o9 # 1t 1F A
mAEEAMBEGHEYBAI/LRE (Ohnori et al.,
1993 ; Poyer and MaCay, 1971) (B wm) -

miEe E P ERRFARTEABRLE  EX
Ao REEN  E&dAHEHEURE B NADPH @ 58
kB RB @B G F P40 B E Aol B e Ak 2
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B H B 841 R E (Ursini et al., 1989) # % &
B R B L8 % LA teF s B B (Dobaetal., 1985
Niki et al., 1984) - I A 4 A F ER R R H R
BdAkeysdit (Venekei, 1987) T & B g é);;
ol EBRAHER, AERT@RGEE -

N~ %4 £ E B & & P4sl

BEFEHRA LYY RACKRENER - BB L
BEdhAREEN AR YBAILRE (Tappel,
1972) - még A2 FER T HA%R B Au & =i
CEEBEBETASEZHELEFTESFENT > A TFHR
oZ o £ 1t 8 (xanthine oxidase) & F & & ¥ w4 1§
# (Catignani et al., 1974) > 12 & £ & FH B ¥ =
e E PASO S ERIEEA > B P XA ML R
M Bt RRMABRE (Ivasaki et al.
1994) - M FRATHR R TS LE X ESEH Y
e BEEEE AR -

At S LA RGBS BETAKLNNFR A8 2
HEAT  NFORBEDGRA T TR 28BH
% X ew B EFHEHRE (Carpenter, 1972)° 4
BHRELBRAETEL FEHR I HFR KB & % P450
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# 7 ethylmorphine & benzolalpyrene &5 /X # s 5
T E {2 Hweipe & P02 F R mam & & P450
BREEFTMHAALAEFEBEZEHE (Yang and Yoo, 1988 ;
Carpenter, 1972)- |

B E P4S0 E MY AT RAZ I MER
BEBAMFROBE ARl F P450 8K
oo EREETBALFRAELER i & % P450
# 4 & & & V(Kitadaetal., 1989; Klimeketal.,
1983 ; Kagan et al., 1984) b4 4 & E $»
i &k PAS0 B E MR E > TRHREAR A EAL
Beyohat  HWBEEENHR - -F8F R85 A 4%
RMER > - S EHGEHEBEFT PO ELTE
. (Gower, 1988)-
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CH,

HO ~ HO |
. R
H,C R ne
5 CH, 3 S CH,
CH,
CH, |
alpha-tocopherol gamma-tocopherol
HO HO
. ,
R R
e CH; CH,
CH, CH,
beta-tocopherol delta-tocopherol

R: Side chain identical for all tocopherols.

(Chan and Decker, 1994)
B— @4+ %E 2 2%Y
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{other isomers have unsaturated
side chain, or additional CH;™ groups)

R ‘\ r o — tocopherol (methyl at positions 5, 7, 8)
B — tocopherol {(methyl at positions 5, 8}
v — tocopherol {methy! at positions 7, 8}
RH { H / & — tocopherol (methyl at position 8)
_— X

relatively stable free radical

*0
)
0
g o may inhibit vitamin K
) action (clotting time)
quinone
0
|
(0]
urinary
excretion

(Bland, 1980)
M- %42 %E RahiHFA
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a-Tocopheryl a-Tocopheryl quinone
a-~Tocopherol Chr omanoxy e Dimers
radical Trimers

Cysteine
Glutamic acid
Glycine

ration systems GSH(G'SH synthetases

NADP

Ascorbic

Dehydro-/semi-~ acid GSSG
dehydro ascor-
bic acid

GSSG
reductase

GSH NAD
NADH

(Chow, 1991)
M= %44E 54
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NADPH : Xanthine

NADPH-Cyt P450 Xanthine
Reductase Oxidase
>
NADP* e Urate
3+ LH
ADP-Fe
02 2+ 3+
EDTA-Fe EDTA-Fe
o, Le LOOH>‘%‘ LOe . LOO®
CytP450 Degraded | , tH
LO0e" LH Cyt.P4aso
End Products of < . LOH, LOOH, Le
Upid Peroxidation

(Halliwell and Chirico, 1993)
B~ B5HiBEbsaiE & % P4A50 = B4
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SRR

A FELEXEBRAGCAKTHAEEY A
o ChAmBRNRASRLteBREL FHAELSE
A 2 ENRAILENTUREBBEEES T E
BRERTENALCEGEE  HEMNKRTAEASE
Yt X EeHB LR FPASOERAMBE -
ERERREREFE R IRRARTBRAEH AR
STAR S ESLLEFE BECHAEBAARAL
FSTRARRACBEEETRNGZE AT BELEFT
Bt £PASOEHHBE -
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B ST %

— K8 R A

BERHETRBHEARARAR TS BA#

M Sprague-Dawley X & + & -

BExA 2 KkH St BE - FRERE -
Ao A £ E ey £k H( tocopherol-stripped corn
0il) ~ tocopherol-acetate~ R4 4 4 & E &5 AIN-
T6 4 & FR A4 ~ AIN-T6 4 & TR &4 & AIN-T6
B R A mE ¥ B Teklad (Madison, WI) - %
ki A Mazole & 3% (CPC Intl Inc. Englewood,
NJ) -

N K KR

BB N Bk 3Lz tE M Sprague-Dawley A& 18 & >
FHHBEEO-T0L FEETHRASNEAR > 23
- HIRgEL 5 E4F 2442 (0~100-1500
ppm) (Table 1) - H#&EARBLA LR AL —AF
SMGEART BHEIEELEFAE22EIT > A
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BAEREEESL 1208 BHPAKARERSF
XA -BRAPRAMNRLEARAHNERE
B EBEBRBERAEE -

= ABEHREHEIUE

ARRLEBECO, FAEHE AEH % #
# 8 49 (sodiumcitrate) AL & £ B 8 41 B % A
HARMBEBREAHRAL D ccc. (WBRFE @ 2
f=1:9) o BRH 0.5mn] o948 & » HH&b KRG
B % 4 # superoxide dismutase (SOD) EF M - #|
#rth 2 h 500xg #EC 10494 RiFLFEHfvih
Ry o wBuwdt FCRERL I GSH/GSSGC R
ERXAUAMERS BT o0 M RAERE
FTOCARBY AR FBHB - HEECER -
BREHE RELSAHFBEAMR IR PR Y
REH B FrBEHEALT 80C AL RE T #
o oABHA>HEEREB -

W~ FFE 8 (nicrosomes) R @i g & (cytosolic)
z B4
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% A Huang % A &9 & (1988) - # & A B 47
F5 % omA 4 0.0l M BiserEironm (pH 7.4
4 1.15% KC1) B H M EABHWERBAESE
¥ > & 4C F L 10000xg & 30 404 > K L
B E - &£ 4C T A 100000xg & 47 AR B @
S A3 h s BOATRUOARY T AM IR @
tR AT R - LB mA ]l nl 0.05 M %
g iz ok (4 1 mM EDTA &9 &5 8% 47 % %5 75 7& > pll
7.6) - BRABURLBERELENRET 80T A
RBEF > HF BB W -

# B Lowry E A F ik (1901) RBETEHE T
BE - BREBREDO0 pl (M IBEFR) /o
A% 28 10% trichloroacetic acid (TCA) 4 %
BHEEABRAR  AERTHEIN 4% X%
8000xg &g v 6 548 > xR ELFR > HwA 300pul -
1 NNaOH s ey 2@ HE M - il 2 4 &% F 4%
B aE&mA 200 ul =& FKR 100 pl 89 R & K
# (25% NaCOy : 2% Na-K tartrate : 1% CuS04 =
8:1:1) " REHARAZTETHE 1054 &
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A 1 ml Folin reagent%itf& (Folin : % 3+ k&

=1:19.5) » LB B g > EN ITCARBF 20
mHEBRBEBENETRTIE - AH S ELEAK

ek K660 nm FTRAERALME HBEEZHEZEH
BESABEAAFARESRS  FTARBEBERK

FHRLYEETEERE -

BB R B R ALY o

A W& BE 2 3@ 8t # R B

AEE %A Fraga ¥ A8 7% (1988) - 4 0.2
AFBRAEE  wA Y SR HEBER (50 nM 858
s sk o pl T.4) ME > RBBR G TR AR
¥ HE &R 500 plo kB FRA A 0.5nl 3% sodium
dodecy!l sulfate (SDS) ~2 ml 0.1 N HC1~ 0.3 ml
10% phosphotungsticacid' R4 ¥ 4% B mwA |
ml 0.7% thiobarbituric acid #x # 4 R & » &
W KF B 30 5 HEHBLHFEMmA DS 0l 1-
butanol % # thiobarbituric acid reactive
substances(TBARS) m 4% X 1100xg # < 15 4 4 >
R E EE KM excitation 515 nm A emission 555
nm FAAEAAEBRARAME  FFEHHER
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mAEEAEK 1,1,3, 3-tetramethoxypropane ( TMP)
PRl e A2 E b REAFBKEETBAILR
B » k7K ik A nnol/g liver e

R B RAE H H
B 25 pl & 4 > w100 pl 5 mM t-butyl
hydroperoxide A & 375 pul £ 8 FK » #F H B »n
3TCABPREI 4 2HYTHEBTRKREE
W@ At 4 R B R & o TBARS = F % B u M-

-2 5 CREERR

¥ A Kyaw 89 F £ (1978) - # 8 0.2 LA B Av
NG BB S0 oM BiEsrE AR (pll 7.4)
ME > O BREFRYEZRRLHE 200 pl > wAFE
82 & 8 (4 Na,W0,. 20,0 20g - Na,HPO,. 2H,0 10g -
H,S0, 5 ml Fuk8F4K 25 ml) > # & 30 244 XA
6000xg 2. 10 42 » R LR K > ok ki
BAEER 2 on TRERAEAGA Ao RESELE
FCH—BREdH Kot i C 4=
BEEXRTHF kB0 E (nmol/nl) FuiF B (

wmol/g )
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N~ #gE X ERERARE

A K & %4 Catignani and Bieri & o 4 ¥
£(1983) - I 0.1 g A B A 0.9 ml 50 mM & &
sr sk (pHT.0) £ 4T3H T - 3 H % A& % B 200
ul 3B g% >4 A 100 pl a-tocopherol acetate #
% 42 (50 ng/ml, in 100% ethanol)z % & & —
SEEERAYEYg o B 200 ul hexane E IR

N

— 48 N A4CTF L 1500xg v 304 > RE L
Bk FRI¥5»HmA 200 pl hexane 2R » &
BXR=ZR#HE BREHDLELEBERUN R¥E > RE
# A A 350 pl methanol AM > U@ EEBIE » K
H 50 pl WAHPLCREZ EH B Y44 5 E R E >
spg/gliver A7 P44 5 ERE > Aug/mg

total lipid % &~

HPLC % % & A F A7 &8 A& :

L-6200A intelligent pump > L-4200 UV-VIS
detector > D-6000 interface A LC organizer
(Hitachi, Tokyo, Japan) ; Mobile phase: 100%
methanol ; flow rat:1.2 ml/min; Detector

wavelength: 290 nm; Sensitivity: 0.01 A.U.F.S.
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(absorbance units full scale); HPLC column:
3.9x300 mm stainless steel packed with micro

Bondapak C18 (Waters Inc. Milford, MA) °
Plasma total lipid % #

KE % # Frings and Dunn & %5 # ¥ 7%
(1969) - B #H 50 pul & mwA 1 ml H,SO, > X
100C K% 10 444 » Bl 100 pl B w A 5 ml
phospho-vanillin reagent (200 ml 0.6% vanillin
#2 800 ml phosphoric acid) » 245 #% E» 37TC XK
15 4 REBBZ A Do AA SRR
A KM nn TRERAE > R HIRE S K
o (l g/dl VF— B Edg . KlisETF total
lipid R & -
2R g B
stock solution (1 g olive oil/dl)

B 0.25 g olive oil £ 25 ml & & #& & absolute

ethanol 2 € £ 25 ml
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working solution

Conc. (mg/d1) 200 400 600 800 1000

stock solution 0.1 0.2 0.3 0.4 0.5
absolute ethanol 0.4 0.3 0.2 0.1 0

- REEERERAERZ

A F 5% % # Boyne and Ellman & % # ¥ %
(1972) - I & 50 pl £ 5 > Aw A 23 ul 2 & #
5,5-dithio-bis(2-nitrobenzoic acid) (DTNB) -
EZBRE 30 >4 > X 10000xg 3w 10 &8 &
BT MASEAAERARK 412 nn T AR A
£ % a> e A 50 ul 10.8Mn-ethyl maleimide (NEM)
BATMERRB 28 BARAS-AAEZREAEK
412 nm FTRRAMAD B REE T HEE
B (a-b)/13600 3% B> P U EB T RERE %
= g@ﬁﬁ%fi%%é ¢ mol/mg protein o

+ ~ GSH & GSSG iR & 3 =

# A Reed #F AF % (1980) - BMERAB & 0.3
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#ooommAN 9 EE e 50 nM BBk 4r & %5k (pH
7.0) #ATHE M EHBRERYE 400 pl B EF R
%% 10 % perchloric acid (PCA) # & 40 s
s PCAREMF R T GSHRGSSG B
W 4C F LA 2000xg 8w 3 42 RELELERER
L5 ml @ EREET > mAHHEYE B 100 i
iodoacetic acid (TAA) 40 pl » 3 2 £ 12 % s KHCOS
HE AL AL BHBRE IS EHKF A 440 pl
3% 2,2-dinitrofluoro benzene (FDNB) > R 434
BEBERACTFAHEA DB E > 2 4000xg 2 10
a4 BB ERBK - A 0.45 nm 3B 8 B @8 &K 50
@l EANHPLC ¥ 445 GSH & GSSGC = & & -

HPLC = #& #F 3x &

188 B Kk Kk 360 nm
AR 1.
# B 48 Solvent A: 80% methanol

no

ml/min

Solvent B: 20% solvent A + 80%

Stock solution B; stock B: 272g

CH;COONa ~ 621 ml CH;COOH ~ 189 ml H,0
7w 9 e R 30 min
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4
-8

B # R %%

12
20
22

Gradient time Solvent A Solvent B
%
80 20
80 20
5 95
5 95
80 20
80 20

30

B B GSH & GSSG /2 & » n mol/mg protein & =&
Total GSH =z 2 & = GSH + 2xGSSG

EH AN B ALK mASH 100 nM
glucose 2z # e &g (174 PBS4 % 1.8 ¢
glucose) B &R 0% Lo KBFR > BR300l &
f 3 e NFE 26 [AA-PCA (90 mg TAA/Iml 10%

PCA) » ks ¥ 85 R & 15 44 > 2 2000xg #
3 b4t RELELERI plAMBERCE T &
A KHCO, B FRia Bt  BRE 15 5 4%
B w480 ul FDNB- R &% E# 4°C F A /b B 2
L2k 4000xg v 5 48 R M EBREM 0.45
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mm & & B @IE > Bp T 4 A HPLC R 4 4 GSH & GSSG
2o E Rk R LEFBRES -

+— >~ o ®F E#H (uric acid) B E R %

R Sigma XA R/ LEBELEEH AR
(Sigma, St. Louis, MO) - R & # 3 9A B & k& 3 &
HE o R 1 ml XBHRAEF > wA 25 pul o
a2 HtedziZREL (bnguricacid/dl) (%
BaUAETETFARRK) RITCTFTARBLIHE £
EHAAEAALEL2 nn TRARLEME > B E M
mg/dl & +& o

+ =« BAf & ILEE (SOD) 4 #

& 5 ¥ A RANDOX - 3 (RANDOX Laboratories
LTD, Antrim, U.K.) & R4t L8 2 B £ 4 @ 3
EonpHERHENET 8CA AT Z &b 3k >
MANEBETAEBRHEE 20l ENACTHE IS
s KRB EHNERRAA > A 0.01 mol/L

N

phosphate buffer (pH 7.0 )R #H B oKk > 24 &
¥l B b s 30% ~ 60% HE - 2E gy
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Be > B 4R E e SOD(6.20)R Be B4R & ¢ & >
HRERABHYRSELANA A LBRAE KK 550
nm F i# 47 time scanning = %48 ° £ %% xanthine
oxidase #1 SOD B AR FH A E > mBHRAMK
ik SOD F Mt o A kAR MR & e IR By AF TR
ez B FAREEM R TFF A B U/ng
proteine. 423 SOD EFH A U/g & F X5 °

4 b 3 & 42 % (hemoglobin) B & & #
3% B Oshiro % A (1981) 77 4 it #5 SLS-
Hemoglobin & R B & - 4= o 3k o 4 & JBE B 2L ng

fdr & /ml & T o

Z - ABRHKEBALBEEIMHARL

F 8 % # Lawrence and Burk & # 3% (1976) -
REBH 2 @B ETABELA B LS5l BHE F
A0.8nl RAEZ(AS#A 1 mM EDTA~ 1 mM NaN, ~ 0.2
mM NADPH - 1 U/ml GSH reductase & 1 mM GSH =
100 mM &% 8 47 & #73& (pH 7. 0) o fw A 100 pl & 20 mM
Basr g (ol TOSHE S0RAGHESD > &
BAEEBTHEL >4 - B 0.1nl 2.5nMH,0,
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Ly A 0 £ 340 nm > 25°C F B H & % A &
it 3948 > 3t E NADPH R b i £ - & Bt H K& &
it & 7& # 2 nmole NADPH/min/mg protein & 7= °

Fvg o BB H M E B EEM AR

F B % # Bellomo % A F 7% (1978) - B H # &
ZwmBp Y BEELR N 1.O5nl 5REFmA 0.9 nl
RE®R(2H 1.1 nM MgCl, - 6H,0~ 5.0 mM GSSG &
0.1 mM NADPH = 100 mM =28t ér & %% » pH 7.0) >
e 80 pl 20 mM BBk 47 & & (pH 7.0) & 20 pl
B o A kAR £ 25°C ~ 340 nm T E A
BAMBBE > FHE O, 3 E NADPH R D & % -
& Bt H KB R B E M

nmole NADPH/min/mg protein & & -

+ 5 -FHRBRPEBTHRABBEZTMNE>H

E &% A Habig & A& B 2 (1974)- 3 880 pnl
2 A 1 oM GSHey R B & (100 mM potassium
phosphate buffer > pH 6.5) A 20 pl 50 mM 1-
chloro-2, 4-dinitrobenzene (CDNB) ~ 80 pl 10 mM =%
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B 47 4% #78 % (potassium phosphate buffer pH
7.4) R 20 pl HEB=B8 ER (L&8H 100 nM
BB EHBERAEEL048) ReHYRAA T
FAEEAL M A K TAH2CEHALRLM
38 2aa 20 pul %?&%7&*&’(}. 3t K
CDNB-GSH 3% Ao i& B - GST 7& H %

nmole CDNB conjugate formed/min/mg protein %

v °
5 ~ AP Bk Total P450 4 & Bl &

# A Omura and Sato 89 F & & % # (1964) -
HHEE-BICARBFOREBASIRYE R
BREH #ERAMINMBEBRBRIER B L
HEBRIFBERABELEZSETRES 1.5 ng/mnl >
BE 2ol HRERBFER mA L ng ¢ Na,S,0, R &
R & P50 RAH 94 5 5RE 1 nl B
HRREPLRET B EBEREIA>ARAEAY
reference cell & samplecell £ B # B & & 400
~ 500 nm#F 8w - & LKL A 450 nm A 490 nm
ZMRIFMAEALMAE AR YE sanple cell 2 5 #
FEoOBBWHEAH L BRI BRSGRE - RAE
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B KBy k& H4ik sanple cell X B > B R #7F
B 3 224k 450 nm & 490 nm 2 HF B AL ME 0 EE

A nmole/mg protein %k 5 °

+t - HFE s e £ P40 BREBFHAR

#% #& Phillips and Langdon & % # ¥ %
(1962) - 4 bty ®H # B total P450 & % » & #%
HaZa B REAEXR 0.0ng/nl 2444 A 1 nl
LHBT o A 320 ul 0. My mip & & Co
40 pnl HEZ o4 &b > 360 pl 0.3 M 8% Bk 47 4
BRI TTD RERENEZRT 304> A
A 40 pul 10 mM NADPH #1 B o R £ 8 4& £ % & 550
nm FRAEREE L& =08 RALMAE I P450

# BB 2 &M M nmole/min/mg protein & 5« °

+ N\ ~ BF 8 N-nitrosodimethylamine

demethylase(NDMA) & M B &

#% B Nash i1 B &9 F o5 (1953) - # & & # F
total PAS0 & & » A E A B RAFRBEL |
mg/ml A& ° A 100 pul 100 mM MgCl, ~ 100
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pl 1.5 M KC1 #o 400 pul # B &4 % (1 ng/ml) >
100 pul 40 mM NDMA - 200 pl 50 mM Tris-HC1 (pH
T.4) EEagE 900pl - ReHHHAwA 100 pl
100 mM NADPH ®» 3TC FRE 10 448 > K& w A
50 pl 25% ZnS0, A 50 pl v Ba(OH), R & it R
B oo ZaFEHRA L& MmN NADPH Z AT > B im A& 4k
RERB - Kt R BEZETES > X 1000xg BC
5 48 > B 0.7ml EA® > A 0.3 nl Nash
R A (4 5 g ammonium sulfate~ 0.1 ml
acetylacetone 6 ml 3% acetic acid) > R4 % &
S50Ch#BTHR 4 AL RENTFERMY
BREHK  AAS>AEEZRAKRK 412 nn T A E
% % 4 > NDMA /% M 24 nmole/min/mg protein & 5k °

+ . ~ BAFBK Pentoxyresorufin O-depentylase (P0OD) &

eI

¥ A Lubet £ ApiiE A& 7 E(1985) - b EH R
total P4S0 4 E - AP HSEECHREARER 1 ng/ml
A& > A 100 pl 500 oM MgCl, ~ 400 pl ##1%
#5% (1 mg/ml) 20 ul 1 mM pentoxyresorufin @ 380
pnl 50 mM Tris-HC1 (pH 7.5) s i 48884 :% 900 pl >
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R HmA 100 pl 2.5 oM NADPH # % B F R /&

5 548 0 Bk hoA 200 ul 25% ZnSO, R 200 pl 4
Ba(Ol), R # . R o % & K %Al 4 o A NADPH 2 47 -
S Ak RBERE &1L R B #ATH-C 2L 1000xg B8
w5 4 BB 0.5nl EEZR B 1L.5nl wadk
ERE > MABRAEME T RITHH (excitation B 522
nm -~ emission & 586 nm ) > A €40k & & resorufin 4
—ZE s R EE resorufin £ R E » POD 7ML

pmole/min/mg protein & s~ °
—+ - R TR RS M

1# B Lepage and Roy #& # & F /£ (1986) - B
0.2 g8 A 1.5 ml CH,Cl: MeOH (2:1):° %
THERAULBERBIEBRA LR KRE A 50 pl
CHCl BB EERYASKRERSYY - KA
TLC aluminum sheets (20x20 cm)> A L& % 0.2
mm silica gel 60(Merck) R o & i 4 ¥ &5 #&
FE AR KA E FERME A TLC sheets £ > L
hexane/diethylether/formic acid(80:20:4, v/v/v)
BHARER  HARHABRBEH EEHE TLC sheets
B lentr - HFTLCREBRERE - FELEZ &R
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2, 7-dichlorofluorescein (0.1% w/v 1in
methanol) » WM N B EBHBBE TS 23T > K&
EAFEHBRE T A2 nl nethanol:
benzene (4:1, V/v)% & A o # kb B 1
#m A 200 pl acetyl chloride: ZFH#FH A S
BE o OERN 90-92°CAm P 1B sir PR
RE > BRHA%% 0N 5ol 6% K,C0, RAE3H Y >
2o1100xg 8~ 10 948 > REBRUAKRRE -
e A 20 @l n-hexane~ B 1 ul 5 » R 48 &
Wk (GC) YR REHEENHRSE - REBE R
#H R A B carrier gas’ & B E £ 150°C
HH&E8nst AExa3°C RE LA
190°C» = 4 % (injector) A 18 # % (detector,
FID) 9B E % A 220°C> il RV A BB A
B B 4% 2 & (Alltech, Deerfield, IL)# & & M 4%
b A FEBENR - BBEENEE AR
BR R BEEME B ZIEDHLRITE -

RBENBKASL: RMBEMHK (3000
(Hitachi Tokyo , Japan) » D-2500 integrator
(Hitachi, Tokyo, Japan) - & 48 B # & % £ (GC

column) : SP-2330 fused silica capillar column
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30 mx0.25 mm ID > 0.20 pum film thickness
(Supelco Bellefonte ,PA) o

==~ &3t oW

% 3t & X one way analysis of variance

(ANOVA) &R 4 # > 3 XX Duncan’s test #4758 2% £ B

a4 Ep<0.00 R TEFHEEERE -
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BEMWTARHBRE

ko287 8480 ~100 K£ 1500 ppm 44 £ E
EARBERABEENERRYHBRE -

HEEE

k4R BAT 0 424 1500 ppm 44 EE RSB ANEE
FTHENBEBR T sLEZINRARZELE T EM KA
(p<0.05) f2difeé 100 ppm e A ERXRSRBBEE £ E -
o FKEATR P4 BeH Ak (GSH) R E

REZEZXBT O KEAEAE 1500 ppm 4 £ E o3k
GSH BE 8 EZ 3N HE4 =48 (p<0.05) » @ GSSG & & 83 2 1K
#H 4 =4 (p<0.05) » GSH/4a GSH b1 » 4845 1500 ppm %
2 FEAREBEZFaNEALL EFEHZH KA (p<0.05) -

FREKRGRKRAENAZRETHRLEEZESEMVE -

KBMREALS T
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AOERBET O RRTELEFESE U R T4
5C RanBhH T2 2 CREALSBELE - HR
41500 ppmn A2 EEXRR A FREREEEFANE R
—# K R (p<0.05) -

HEIE &

RBERXRBT  BREY4H&EXE4SE (0-1500 ppm) -
b BRAR 3B A ALk AEER(SOD) ~ AT B F Ak 28 SOD & 4
PeE KB AALEREN > RRABENLE - EHF BB Y
SOD FHFr @ > KEAEEE S 1500 ppm 4 T E&R > H7F
HEEE G4 100 ppm 44 & E &9 K R (p<0.05) - R B 48
£) 1500 ppm 4 X EfR R HEBHRBREGEMN > B
aRRARSHLE T ERREH AR (D.05) -

T B S8 28 4m 6 &, & P450 Fo 4% Bk AR 57 % 48 85 (GST)

RNERBET kEF4AEFESE (0-1500 ppm) it

THEMBRMARE 888 % P450 4 & ~ NADPH P450 B &
EREM R NDMA B £8H - k& F 2 100 A& 1500 ppm # 4
¥ Mgzt £E BEH AR POD R GST FH
(p<0. 05) -
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MAgEFERAE

HE— & RBETag YL FEREREAR TS
25 EA4EH RN RAEZBMABEEMYER
(p<0.05) »

HEZ wWERET ARMESEF LI RRARAN
B R 4 P Bs 38 BG4 R AR E B R4 100 & 1500 ppm
#AEE 9 RA(p<0.05) - 44 % E ¥4l @ &5 98 &4t
ERAB ERBARLE -

BT B& %4 5 B BS BY BR 48K,

REtERBT RRETARASEZ4LEFLEERGHEN
B Bs 8 C16:0 & C20:4 (n-6) & - AR 42F 4 1500 ppn
w4 K E &R Cle:]l (n-7) BEARARABAT 4L
# E& & (p<0.05) - M C18:0 & XA+ 4 Cl6:1 (n-7) &R
AR - KREME S 1500 ppn 4 & E &2 & C18:1 (n-9) 2
FanAREEA2 100 ppm %4 F E 4R (p<0.05) - M K &
#2445 100 ppn %4 FE&2H C18:2 (n-6) BAFEHEAL
=8 K B (p<0.05) - C20:5 (n-3) A AL 2 F8¥%in
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HBEWHE A (p<0.05) KAMFAS 100 ppm 4 4 % F 4
&0 £ C22:6 (n-3) BMEANARMASTSHLFE&R
(p<0.05) = X & 424 1500 ppm # 4 % E # C24:0 B an

H ¥ = 4(p<0.05) -
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g4

B EREW

FR%&A2 5 E4EZHRKR HARRYBERERE
Mg AAABEBE  LWERBUNRAETREZILTOHAE
FH(Liietal, 1997) XA ERHBREFREHENERL
BEVYHAEAZESCEFEMAMBE HEREZIH TR
HBRHEH - B/E 1500ppm # 4 FEHRRARNBELL
®wAEEFEMNAR  MEBEEPHELSEEACLLEAFHEE
¥ 4(p<0.05) » RRBAFBAMA+T2#HE -

£ M & B H AK(GSH)IR A

WRBTHRERET > 84 1500ppm 42 FEW AR -
Hirk3X GSH 4R @ total GSH Lb i fEFsr s e 4 &
E RALB —@8FBEHEE(<0.05) EEBEASEHN
¥ £ GSH 2 &R & total GSH Lt B FE 2 3% fuw > {2 &
FFEY GSHAaE AR total GSHELEHW A BELE 4§ 4 £ E
CEHKRRMAMBE - R\ Rojas FAH 135 h(1996) -
BEAXESE4% 4§ E &% guinea pig (15-1500 mg/kg ) -
#RCBEE GSH 4 &8 » 122 4 total GSH a4 & %
BB AERTENEERNE N LaRKELYBRNEFTEA
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ROEE % —HRASABRAER  HNARARIH
BB RBEHAFREAr FAL  BARABEBEVRILGE
( Kurata and Suzuki, 1994 ) > B st 54 b B 6930 S AL BIE B
WHBAREE S XEKRENBE KRR THLFES
BT UAR Dok P GSH 934 > ¥ KGR

AN RO aR LB TAFAXEHAIALGE -

KB AL DT

UATHERER  AMIMEXZLT  RBRALERIR
HHROEAKERAEAILS T BEECMRAILCEIHEKR
A& B> 44 & C> 4 pc# Bk (Winston et al., 1998 ) -
ARERERBET (Rw) BAFXRASEH#LEFE&KR
HRKBEMREIES TR TARBRIFSABZNLE  Hib
BrARXBERTFTEALEFESCENBE KRR TFARASE
AR ECHERRRE  THEBRZGALAFETHER
BREHM B AEFEBRIIBART G wIKBENELE > B
MEZRFZEET  URALHARER T HAKNEES
REABHOREHNREICERER RS —HFF -

HAALEE &

THEYBRBEERSENE TFEE - 5 Y 41t - NADPH
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SALVERPERmBERAER R R e e EHMFERE
By e ada kgL (Minoetal,, 1993) B8R 2%
MBBRS FAELEDERR @H*?ub&%é‘ﬂ’ﬂﬁ TR
FAELHBRRAMERBELEGE - £ YBRNREAE LR
AKX TREBSOD FRBARETFRKBRLBALY
B4 GSH @A udseytF A - R#ARAK (Chow, 1991) -

FHRERB T BALRALLEFE 42842 (0-1500
ppm) > #H 4 b SOD ~ A ¥ SOD #v GSH & &1L 8575 &
BRAEBERE - MW R LER » AE AT 2 15-1500 mg
A FENAHBAERLZRALES BEAEHIHEAR
B ENBE  BRARKRRFTHGLE T ELREBERZLAR
Bkt SOD #u GSH 8 f4t&s5 4 (Rojas et al., 1996) « M
AXRTRTHER AN R ACEEFEN  EREXHK
YRR BEFESZNHE -

MEBZTH

BYMBRAFFR S ELLEFENKE SamBER
P450 &% ~ NADPH P450 :E REs R NDMA B R 75 M A A AR £
R-TiR At kPI0SEREAEFRH oM & F P450 &2
FEREAR  wp e EPO0ZYT Lo F SR EMHE &
—HFEHERBEBECNE B AL €XBEHF L
ZHENFE - KBEALL FEH 2 842 K POD Fo GST 2%
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EEMBE AN A S MmE 4 100 & 1500 ppm 44 £ E w4
£ (p<0.05) -

HWHERBTRRTY AR S ENELEFE » B 58
FREMOTEREEL ML BME -

BAgEFE FETBAMLHRE

BrRgt AL RETRERRFTLEZTESSH MM
W o A2 FEEARFHRAMAHEAERS T 5&& B 3E
2 (Brown et al., 1998 ; Eder and Kirchgessner, 1998;
Scholz et al., 1997) » & ¥ LA A 2 &9 40 H] B5 By i@ RALAE A >
ERAERBACERAEERRFELFTESENHE 0 B
BRETSAILREAABRTEAES -

s B BR 48 ¥,

FRERER BAFRNSELLFTEORRHENITRE
Bihs W R Wi @ A oy B - 484 1500 ppn 44 % E 48
BAaA 100 ppn A 5 ARG EMBE  2LHEL
WA BENEE - MA_THRAEKEK  TREMRHE
AL FE2ENHN MABEENEN  —THRAKE A
— RS AR 0 T A b R B 6 R B
(Castuma and Brenner, 1983) e —+m BB ALAR %
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F—. B a5,

Table 1. Composition of experimental

diets.

Ingredient

0 ppm vitamin E

%

100 ppm vitamin E

1500 ppm vitamin E

Corn oil, tocopherol-stripped®
Corn 0il®

Casein "vitamin free" test®
Sucrose®

Corn starch®

Cellulose®

AIN mineral mixture 76°
Vitamin mixture

( a -tocopherol devoid)?
AIN vitamin mixture 76
Tocopheryl acetate®
DL-Methionine®

Choline bitartrate®

20
50
15

3.5

0.3
0.2

5
20
50
15

5

3.5

0.3
0.2

20
50
15

3.5

0.15
0.3
0.2

a : Teklad (Madison, WI)

b : CPC Intl Inc. (Englewood,

c: EHmEr

NI
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k=, FR##AFRE REHHPRALRFEVOBE.

Table 2. Effect of dietary vitamin E on food intake, body weight gain,
liver weight and liver weight / body weight .

vitamin E ( ppm)

0 100 1500
Food intake (g) 1031137 108551 107861
Body weight gain (g) 288+42 318422 307421
Liver weight (g) 12.6£3.0°  15.0+3.1%°  16.4+]1.8°

Liver wt/body wt (%) 3.54£0.48°  4.00+£0.60°  4.88+0.81°

Values are means £+ SD. Groups that do not share the same letter (a,b)
are significantly different from one another, p<0.05 .
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REZ. AE#AEFRE REHWM KRB ol foiFRANRHRKRENTE.

Table 3. Effect of dietary vitamin E on glutathione redox state in the RBC and liver.

vitamin E (ppm)

0 100 1500
RBC
GSH (nmol/mg prot) 3,53+0.41° 4.00+0.60° 4.90+0.90*
GSSG (nmol/mg prot) 0.0093+0.0024*  0.0081+0.0074*  0.0042£0.0059°
GSH/ (GSH+2GSSG) 0.9947+0.0016°  0.9963+0.0033®  0.9983+0.0024°
Liver
GSH (nmol/mg prot) 26.03+6.15 24.95+5.71 27.17+4.20
GSSG (nmol/mg prot) 1.14+0.22 1.02+0.20 0.99+0.07
GSH/ (GSH+2GSSG) 0.927+0.01 0.92+0.01 0.93+0.01

Values are means = SD . Groups that do not share the same letter (a,b) are significantly
different from one another , p<0.05 .
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Zw., FESHAEFRE REHPRABAKERREIST FAHBE.

Table 4. Effect of dietary vitamin E on plasma vitamin C, protein thiol, uric acid and
liver vitamin C .

vitamin E (ppm)

0 100 1500
Plasma
Vitamin C (nmol/ml) 74.6£22.9 04.8+6.8 81.3£24.9
Protein thiol (nmol/mg prot) 2.712+£0.95 2.63£0.43 3.05+0.90
Uric acid (mg/dl) | 0.96+0.30° 1.16+0.35° 1.74+0.52°
Liver
Vitamin C (« mol/g) 1.64+0.29 1.74+0.22 1.72+0.34

Values are means = SD . Groups that do not share the same letter (a,b) are significantly
different from one another, p<0.05 .
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RA. FR4LERE REHN AR KB BRECEETHLE.

Table 5. Effect of dietary vitamin E on RBC and liver SOD, GSH peroxidase and reductase activities .

vitamin E ( ppm)

0 100 1500
RBC
SOD (U/g Hb) 2893+302 2740170 2854340
Liver
mSOD (U/mg prot) 0.43+0.02 0.39+0.07 0.450.06
¢SOD (U/mg prot) 0.084+0.022®°  0.071£0.012°  0.0910.009*
GSH Px (nmol/min/mg prot) 425.7+26.9 478.7+60.6 462.541.9
GSH Rd (nmol/min/mg prot) 57.41#2.23°  63.19¢4.17°  60.97+4.31°

Values are means = SD . Groups that do not share the same letter (a,b) are significantly
different from one another, p<0.05 .
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RN, FREEFRE REHPREAN R 6 FP-00 R £ H R BHEETHENB Y

Table 6. Effect of dietary vitamin E on hepatic total P450 content , P450 enzyme and GST activities .

vitamin E ( ppm)

0 100 1500
Total P450 content (nmol/mg prot) 0.60+0.09 0.68+0.11 0.61+0.06
NADPH P450 reductase (nmol/min/mg prot) 299.9+46.1 320.5+£69.0 301.0+30.0
POD activity (nmol/min/mg prot) 0.39+1.22°  13.07+2.41°  11.96+1.2%°
NDMA activity (nmol/min/mg prot) 0.50+0.11 0.46+0.09 0.54+0.11
GST activity (nmol/min/mg prot) 1500+138° 1876+241° 1857+198°

Values are means £ SD . Groups that do not share the same letter (a,b) are significantly different from
one another, p<0.05 .
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0 ppm 100 ppm 1500 ppm
Dietary vitamin E level

B— ARE%AFE REHAR 4L FE RESBE

Fig. 1. Effect of different vitamin E level on plasma vitamin E
concentration.
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Liver vitamin E
(u glg liver)
S
=)
I

0 ppm 100 ppm 1500 ppm

Dietary vitamin E level

B= ARE#AFE REHAENFTHAEELLE RE

Fig. 2. Effect of different vitamin E level on
hepatic vitamin E content .
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Plasma TBARS
(LM)
S

0 ppm 100 ppm 1500 ppm
Dietary vitamin E level

B= AR#4AFE REHALLRETRACHRENDBE.

Fig. 3. Effect of different vitamin E level on plasma
TBARS concentration .
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Hepatic TBARS (nmol/g liver)

0 ppm 100 ppm 1500 ppm

Dietary vitamin E level

Brw. FE4%&4A2E REHARHPHEEIBA/iMEENTLE.

Fig. 4. Effect of different vitamin E level on hepatic
TBARS content .
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k. FE#AEFE RIEEH K BATRRSEAS A5 BL & AR89 %

Table 7. Effect of vitamin E treatment on hepatic phospholipid fatty acid composition .

0 ppm vitamin E 100 ppm vitamin E 1500 ppm vitamin E

Fatty acid

16 : 0 (% 18.04 = 2.15  19.61 = 1.63  19.52 + 1. 82
16 : 1 (n=-7) (%) 0.78 + 0.24>  0.94 + 0.24™  1.27 + (.54
18 : 0 (%) 24.39 + 1.61%  24.08 + 0.69%™ 22.52 + 1, 36"
18 : 1 (n-9) (% 3.48 + 0.64™  3.13 + 0.42°  3.95 + (.47
18 : 2 (n-6) (%) 11.47 + 0.91*  9.83 + 1.18 12.48 = 1.17°
20 : 4 (n-6) (%) 36.20 + 1.71  36.08 + 3.60  34.11 + 2.98
20 : 5 (n-3) (%) 0.20 + 0.03°  0.25 + 0.04>  0.31 = 0.02°
22 : 6 (n-3) (%) 4.45 + 0.50°  5.08 + 1.57*  4.68 + 0.38®
24 : 0 (%) 0.98 + 0.50°  0.98 + 0.09°  1.17 + (.14®

Values are means = SD. Groups that do not share the same letter(a,b,c) are significantly different
from one another, p<0.05 .
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Part 2

BREFAESALEFE 4 F
¥ B8 B% 7% %) phenobarbital K &
BRNREHIMERNBE
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T oX #H %

By mppé & P-450 A sk B o) £ 4 5 4b ~
NAEAMRDENEDBRAFHOB AR A ER
MAe AnBTRBIIHESZINARARKALRETF A
HAE  RAENHARREHELE BREAXEHSEH AL F
E-a % E K&+ CYP2Bl B H -

T %% A 16 & 4% % Sprague-Dawley X & * 4
# AIN-T6diet m X - #F ZH AR > 2% KA 5 &
Wiy e 4 0100~ 5000% 15000 ppm # 4
FERRWR ARBRUAETEHRLHBBEH
phenobarbital (75 mg/kg) = X » RF B mih & %
P450 2B1 & & -

# R B2 o~ 4 1% phenobarbital B B & & K

AR TFTHALEFESEHEEFELARRITB AR
P A FERE  EAE4% A K E A g4l TBARS
MEAL - ENABFEFTE  CYP2Bl 2 H ARA
5000 #= 15000 ppm 44 X E e A & muAaeAa 100
B O ppm 42 X EM AR > THA RABERA
(p<0.05); 424 5000 #v 15000 ppm #4 4 % E &
ARB@wmee £ P02 EHESWAEE 100 ppn 4
£ 5% Ex K& (p<0.05)-

BUEERERF 2o KRR P 4% A X E &5 ma
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K & % % phenobarbital 3% % A & & % CYP2BI -

M et - 44 £ E- 48 & % P450 > phenobarbital
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Abstract

Hepatic cytochrome P-450 enzymes play important roles in the
bioactivation of chemical carinogens, the biotransformation of
many endogenous compounds, and the detoxification of
numerous xenobiotics. These enzyme activities have been
showed to be regulated by various dietary factors. The objective
of the present study was to investigate the effect of dietary
vitamin E on hepatic cytochrome P-450 2B1 activity in the
presence of phenobarbital. Weaning male Sprague-Dawley rats
were fed the AIN-76 diet for 4 days, then fasted 2 days,
followed by semipurified diets containing 0, 100, 5000 or
15000 ppm vitamin E for 4 days. Both liver and plasma ¢ -
tocopherol concentrations were dose-dependently regulated by
dietary vitamin E level. The inhibition of lipid peroxidation by
dietary vitamin E was dose-dependent. Rats fed diets containing
5000 and 15000 ppm vitamin E had significantly greater hepatic
total cytochrome P-450 content than rats fed diets containing
100 ppm vitamin E (p<0.05). Hepatic cytochrome P-450 2B1
activity was significantly greater in rats fed diets containing
5000 and 15000 ppm vitamin E than in rats fed diets containing
0 or 100 ppm vitamin E (p<0.05). These results suggest that, in

the presence of phenobarbital induction, dietary vitamin E
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efficiently affects tissue « -tocopherol level and inhibits lipid
peroxidation, and that vitamin E supplementation (a diet
containing 5000 or 15000 ppm) enhances hepatic cytochrome
P-450 2B1 activity compared to a diet containing 0 or 100 ppm

vitamin E.

Keywords : Vitamin E ~ Cytochrome P-450 ~ Phenobarbital
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A

F-HoHERERET BAXREGLL XL
SENRRENERERTREE L FEWR
B> B#4% FERAZNIH TBARS 4 & - £ %
FBEFBHER CYP2Bl v GSTE (5 » KR
P@AEFESEHmMAEmOEYE LGB EE
HARZRREFTHEAEZESCENTE - AURMRA
BRRETFTHAFECZHNBEBR TNV EREFNM
JE2 @t -

HELEF O TR LERAE IS
phenobarbital (7o mg/kg) » A3 % 4 5% CYP2Bl &
o RBREKRT4S4EEES B CYPBl ey B & -
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B

UEFETURER SR FLANAHBBRE
ho BmEBETESEWAEMBRNGHER
(Carpenter, 1972) - A MR RV LI B R A &
(biotransformation) &4 TR ARBEREHE X €
1% %] & phase I fv phase D&% - £ % # @ 5
REFEDEHRLE AW BNGBRFELTHLEH
o BRENEGAFREDBEREERSKERMLY
B SHCHHERS RO EHHeBERGS
% -phase | WM EE A TR F ek P4S0 R
NADPH 4= g & % P450 % /& 8§ (Fabacher et al.,
1980) - M phase M &y HEE ¥ > O3 A KB H KA
##Es(GST) ~ N-zEmAdHE (N-
acetyltransferase) A #i# # 85 (sulfotransferase)
R

Phenobarbital (PB) & B A4 & 2 1& A &9 AT &
12 # #| (hepatopromoter) #vém B8 &, % P450 #4935 %
# (Nelson et al., 1993) > 12 & PB & 4o 1 3| % 7
EWBRH BBMALERRRFE MPBHBRTT
LA 58 phase 1 tmpb & & P4S0 B2 &£ 75 1% (Nebert_
et al., 1991 ; Ryan and Levin, 1990) Elef & B &
%% phase I #BcH AR HEEMIEM (Vosetal.,
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1988) - |

% %% % phenobarbital #% % CYP2Bl = # #| &
BE#sk b ® 6 a4 A (Waxman and Azaroff,
1992) - 2 S H 2 HE AR ERE RN Rkl §
XK E} # & phenobarbital (Agrawal and Shapior,
1996) » # 3 phenobarbital #F#> CYP2B1l mRNA &#9%
o, 4 2253 > phenobarbital = tA3% 4u CYP2B1 mRNA
WE LA ERABSEOREBRE SN MHER
Ao BT mRNA AR > TREFET &ML R CYP2B]
FAENERRLBEZSHMBMEEER -

# 4 % E BFAGKHMAFE F mixed-function
oxidase (MFO) st h » A A KT EH#ZHFEAT
MFO R#tEHHE N eHFA  FLEHAAXETT
# MFO #4374 (Carpenter, 1972) o % b % 2 5 7 %
REMLEFERZE  BRART @B EF P4SO 8
% ¥ » ethylmorphine A& benzo[a]pyrene & 4% &4 X, 3
e N B 2R N B E R PSSO BER @B E |
P450 E REGw E M RIA A B 49 % % (Yang and Yoo,
1988 ; Carpenter, 1972) -

A FEHN @B &K PASO BB R 9R %4 RA
TRRAHEBERACE G HE > HENB LY
BEAERBEAARE B SEFHYEapE
* P450 B H e eyt B (Gower, 1988) -
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ZHERALERE > @4 FETUE DAY 50
HEILBE > GHFF Y B@ipe k& P50 EHM
(Cassand et al., 1993) Mm@ RGO E &5
. # (Chow et al., 1984)-
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BYREBAECH O BERRFHAERBAE
MMt c e BP0 B AL A RN S B -
BEd - RSt  BESEDHACRBRE -
REF IO NTRER KRBT ARG T4 AL S
E> TA#Z EPODAF GSTHE M » EAALME KA BB E
4 phenobarbital (75 mg/kg) > Fl 44 R B4 4
A2 FE RBEKRRT4HALFE S ZH»CYP2Bl &
M E -
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o R’ F Ok

T 5 W B Ak

TE$
BERHAEERGEMEARAR IO > AL
M Sprague-Dawley K& +~x%& -

£ R

A 4% £ F ey £k % (tocopherol-stripped corn
oil)> R a# i K Ewy AIN-T6 4 FiREY -
tocopherol-acetate ~ AIN-T6 # 4 £ 64 & AIN-T6
B ERAMEH B Teklad (Madison ,WI); =E 3k
h & Mazole & 8% (CPC Intl Inc. Englewood, NJ)-

B W £ &

B3,z M Sprague-Dawley K& 16 & » 3588
E60-10 % BERBREILARA—BRSEHB4EE
YooY EIRESEFAE 22T ABRMERER
&B 1200 ERFARKUIERTALHE - B4k
AR AIN-76 diet (Table 1) BE 4 X > H ¥ %
B2R ZHB KA mwa 538440, 100, 5000
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A 15000 ppm # 4 % E & & w X (Table 2) > &»
phenobarbital (PB)EA % 3% % 4= e & % CYPZ2Bl F i
HIAER KRR AT R R B 4
phenobarbital 3 % (9 g/l saline) B EAHBXRHF
NFBETDD g TRABHEMEIARBIRZLEAA
FMBRE -

ABRHBRBEUETREE ST R

AP BE vk k28 CYP2Bl &8 H &2 R

SDS-% A M B B AR B E vk %k (Laemmli, 1970)

b H

AR BERBEETE.ESN  EEEXRSHAT AN
FlaamA#hrFERE  AMTEEGETIRE(Lowry et
al., 1951) - B¥ L#HE A 2 ng protein/ml - K54
A% & protein loading buffer > E# 95°C F#& 5
58 A G AR E SRS N E R b A A
v ERMBEZREN 00 RFHEREE > FHE
BATEEEHRERS 0D cn ¥ > BERMETE > UM
LB h B BRERT o
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% & B 2% (Towbin et al., 197.9)

#% PVDF B & blocking solution B # - & buffer
A3k - BREns-BEA—KHALHE (anti-rat
cytochrome 2B1 #i#8) > B ® b6l 4 F A7~ > # 37°C
kKis¥ EE 30 54 -

BB — &8 E% > o buffer Ak 3k o
HBROpsE BEEA_KHEE (goat anti-mouse 1gG
antiserum # anti-rabbit IgG biotinylated
antibody) » % 37°Ckis+¥ E#& 30 448 - X R EH
—BHBBEAR > AbufferA 3k BRL 5% -
B4 Z # N A-B complex (avidin-horseraddish
peroxidase) &%k » W 3T°C KRBT EH 30 nsg - %4
R ¥ A-B complex /&% » X buffer A% 3%k %
K554 o & MmA 3,3 -diaminobenzidine (DAB)

(10 cc buffer B sw A 4 ul 3% H,0, & 40 pl 25 mg/ml
DAB ) 2& - E8E®& » X buffer A Wk 5 &
48 - B PVDF B > BT o
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e ETR AR E - A

— R B B

P450 2B1 antibody : buffer B |anti-rabbit IgG : buffer
2B1
=1:1000 B=1:400

Mgtk CYP2Bl #6aE2 €

# A £ B Alpha Innotech /3] & Alpha Imager
2000 A H B2 A2k - AR BT REEH 16
EREBHCYP2BI R G HHH 2 gel - A& gel K
BARGEIMARBERT Y » AXEIEMS gel £ 8
BEFHTR - BEHR CYP2Bl R HHE -

& 1% A integrated density value (IDV) & &k 7 &

AL o
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BEHNWERARHBRE

KRB RBET 0 ARLME XS phenobarbital (75
mg/kg ) Fl o424 4 5000 £ 15000 ppm 44 % E &% -
EemBREIBREAS 00 ppn L ZEARORKAFBE
720 (p<0.05) - B &3 fudf 5 > £24) 5000 ppm 4 % E K
AAABRAN A =8 F BE R D (p<0.05) -

AP € &

KB R T 0 KB & B S phenobarbital (75 mg
/kg ) B E4EA 100 ppm 44 £ B EAFREELTBAE
FE LBESNAEHEE (p<0.05)-

B4+ 2 EEETARLHRE

ZwERBET 0 KR LB X4 phenobarbital
(15 mg/kg) » e v 2 5 ELRE  BMEKRTHALERES
ENHE A BREEGER(D.05) - RABRALLFE
SEBRETHBA LR T ETSACYREREZ ZNRE
100 ~ 5000 & 15000 ppm 44+ £ E 9 KA (p<0.05) - 44 %
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B 4 ] 48 2 B B3 i R ACAE B R B AR ©

T B Aok 28 % AR &, & P450 o 4 Bk H IR 2R 8 #% 85

R B EF BT 0 KRR LB 4 phenobarbital
(75 mg/kg) » 4249 5000 ppm 42 £ EA R EAB P am e
FPAS0 S ERE AN H 458 (p<0.05) » w424 100 ppm
A FEARBBEBEME=8F ABEEIR(D.05) - K&
£24) 5000 ppm 42 FEHtapp & £ PAS0 B REBEHEE S
HH &4 (p<0.05) - £ POD B2 & 7FH @ > 484 5000 ppm
$# 15000 ppm 44 £ E R R > B EF 724 0 XA 100 ppm
#4 FERKA(D.05) - maEA 100 ppm#e 4 F EaS KRR
EGSTERETMHBEAN LA E8(p<.05) -

#ote ik POD (2B1) & H 4R

B— By EBr8&RE7 #5000 ppn e EFE 8
AR ABMERPD e AASNEEAHLIE L FE
#2100 ppm 44 5 FE 9 K& @m44e 100 ppm 44 £ E &y
REMBBPHEE-ZBFBRZRIHER -

BhEe 88X g/ AAFHOERAE —MHHEM -

84



R AL RBEM

oy EREE Y et 0 24 1985 %4 Wade
LAUBRREHFE AL TARABEEEHAIN-T6 LR R >
BEHA-_B XL ALABRARRAKALEFTESCENKREW
X CRABHAZREFLHE KB ES 75 ng/kg
phenobarbital * B &R EAEFR NBRE =L &k P450 7F
Mo

A & #£i8% phenobarbital &3 > 4 5000 ppm 44 %
EmRE -EFBMESHARNE a5 5 8% %K (P<.05) -
AT R H(Lil et al., 19D& 2 FE4EFE4STHA
R EMHESMEGHOLLIBBENLE  BARTRE
RARFE - #7% K B B # X phenobarbital @44 ¥ E &
o URELECM_FIHAEALANIEERAARK -

Bru4atr T ERBEETBALHRE

BRET ABRBARZBLFTE KR Hafhsf

Bag 42 FEREBBNBRAKRTSRETENK
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ARXBRFHAFESCEMPBE ABTBAILTE > §h
RAoRFB e Ps FEREN S 2 TBARSIR A & /K >
THTHLEERAANFEEBRHER - KRRFHLETE
SERENETARLYREZABN  BHOERALE
& 2 prAF &4 4 R 48 Bl (Wang et al., 1996; Tampo and Yonaha,
1990) -

A B % . 88 pox 4% phenobarbital (75 mg/kg) » &£ %
R MEEFHFHEERSE — 4 kX4 phenobarbital # X
RRES  HEFEEMREHUIEIIRYBEANS > THHE
BANBEEEEN QA BHA S &4 Waxman et al.,
1983 ; Waxman, 1986) - A (¥ EHBEB EFHLE itm
B8 & % P450 42 Fv NADPH P450 reductase ¥ @A A A&
BE o B R A LA R E R 48 (Carpenter, 1972;
Horn et al., 1976) - 23 POD F M & » 44 5000 Fo 15000
ppm 44 FEMREEFHBRNEC B FBEH
(P<0.05) > 2R~ FAp L FENFAHPODEHEAR
by £GSTHEM Y& > 24100 ppn £ 42 5 E 4 K
B0 3t GST % 1 # S = 8 B 3 49 26 o (p<0. 05) » T f &

phenobarbital #1444 £ E #$GST FHEFEHERXEHER -
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87



# —. AIN-76 #3548 7x,.

Table 1. Composition of experimental diets.

Ingredient AIN-T76 diet
%
Corn oil” 5
Casein "vitamin free" test® 20
Sucrose* 50
Corn starch® 15
Cellulose® 5
AIN mineral mixture 76 3.5
AIN vitamin mixture 76° 1
DL-Methionine® 0.3
Choline bitartrate® 0.2

a : Teklad (Madison, WI)
b : CPC Intl Inc. (Englewood, NJ)
C : 2AEtmE)
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Table 2. Composition of experimental diets.

Ingredient 0 ppm 100 ppm 5000 ppm 15000 ppm
vitamin E vitamin E vitamin E vitamin E
g

Corn oil, tocopherol-stripped® 17 - - -
Corn 0il° - 17 17 17
Casein "vitamin free" test® 20 20 20 20
Sucrose® 23 23 23 23
Corn starch® 15 15 15 15
Cellulose® 5 5 5 5
AIN mineral mixture 76° 3.5 3.5 3.5 3.5
Vitamin mixture 1 - - -

( @ -tocopherol devoid)?

AIN vitamin mixture 76° - 1 1 1
Tocopheryl acetate® - - 0.425 1.275
DL-Methionine® 0.3 0.3 0.3 0.3
Choline bitartrate® 0.2 0.2 0.2 0.2

a : Teklad (Madison, WI)
b : CPC Intl Inc. (Englewood, NJ)
c : ENEmE)

89



k=, £EPB RET, FBREALRRAKLEELE 2 FTRAUMARBRERFHOBE.

Table 3. Effect of dietary vitamin E on food intake, body weight gain,
liver weight and liver weight/body weight in the presence of

phenobarbital .
vitamin E (ppm)
0 100 5000 15000
Food intake (g) 122:+4% 131+2° 116+6° 116+13°
Body weight gain (g)  51.2+#1.1° 58. T+4. 9 42. 244, 3 55. 5+7. 0°
Liver weight (g) 9. 25+1, 15" 13. 15+1. 20° 7. 38+0. 46° 8. 900, 97™
Liver wt/body wt (%)  7.27+0. 46 9. 94+1. 32° 6. 52+041° 7.26+0. 79°

Values are means + SD. Groups that do not share the same letter (a,b,c) are significantly
different from one another, p<0.05 .
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Table 4. Effect of dietary vitamin E on tissue vitamin E content and hepatic
lipid peroxidation in the presence of phenobarbital.

vitamin E (ppm)

0 100 5000 15000
Plasma ' |
Vitamin E (zg/mg total lipid) 1. 01+0. 07° 2.86+0,42°  6.95+1.13° 9. 23+0. 91°
Hepatic :
Vitamin E (ug/ g liver) 0. 00=£0. 00° 6. 73+2. 04°  T1.75%14. 62 320. 6869, 75°
TBARS (nmol/ g liver) 467+27° 151+35° 119414 100+10°

Values are means = SD. Groups that do not share the same letter (a,b,c,d) are significantly
different from one another, p<0.05 .
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Table 5. Effect of dietary vitamin E on hepatic total P450 content, P450 enzyme
and GST activities in the presence of phenobarbital.

vitamin E (Epm)

0 100 5000 15000 |
Total P450 content (nmol/mg prot) 1.09£0.11°  0.68+0.14°  1.20+0.08"  1.18+0.10%
NADPH P450 reductase (nmol/min/mg prot)  574+56™ 533+76° 622+36° 51443
POD activity (nmol/min/mg prot) 572+33° 445+60° 1252+131° 1177+68°
GST activity (nmol/min/mg prot) 2289+256°  3317+395°  2269+116°  2565+170"

Values are means + SD . Groups that do not share the same letter (a,b,C) are significantly
different from one another, p<0. 05.
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A BRI BAGRBEPOD a8 kBB E.
l: 0 ppm vitamin E  2: 100 ppm vitamin E
3: 5000 ppm vitamin E 4: 15000 ppm vitamin E

Figure. 1. Effect of dietary vitamin E on hepatic

cytochrome P450 POD (2B1) protein level in the
presence of phenobarbital.
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Table. 6. Effect of dietary vitamin E on hepatic cytochrome P450 POD (2B1)
protein expression in the presence of phenobarbital.

) vitamin E (ppm)
0 100 2000 15000

POD protein density (IDV) 17820+2164° 13420+1249° 22880+2667° 206801560

Values are means + SD. Groups that do not share the same letter (a,b,c) are significantly
different from one another, p<0.05 .

IDV: integrated density value
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Acetic acid

Tedia Company Inc.

Acetone Merck
Acetonitrile Tedia Company Inc.
Acetylacetone Sigma chemical Co.

Acetyl chloride

Janssen Chemical.

Alcohol (95%)

ERERBNEA

Ammonium acetate

& A

ATP; adenosine-5’-triphosphate

Merck

Arachidonic acid

Sigma chemical Co.

Barium hydroxide

Sigma chemical Co.

Benzene

Fischer

BF3; boron trifluoride methanol
complex

Merck

BSA; bovine serum albumin

Sigma chemical Co.

Bromophenol blue

Bio-Rad

BHT; butylated hydroxytoluene

Sigma chemical Co.

Butanol Merck

CDNB; 1-chloro-2,4-dinitrobenzene |Sigma chemical Co.
CHCI, Tedia Company Inc.
CuSO, BEAESHKA TR

Cytochrome C

Merck

2 *,7 ’-dichlorofluorescein

Sigma chemical Co.

Diethylether Merck
DMSO; dimethyl sulfoxide Sigma chemical Co.-
EDTA Sigma chemical Co.
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EGTA

Sigma chemical Co.

Ethanol

B8 fu b £ £ X & &

Formic acid

Merck

FDNB; 2,4-dinitrofluoro-benzene

Folin-cicalteu reagent; Phenol
reagent

Sigma chemical Co.

Wako

Glycine

Bio-Rad

GSH; reduced glutathione

Sigma chemical Co.

GSH reductase

Sigma chemical Co. !

GSSG; oxidized glutathione

Sigma chemical Co.

HCI; hydrochloric acid

Merck

Hexane

Merck

H,0,; hydrogen peroxide

Merck

IAA; 1odoacetic acid

Sigma chemical Co.

KCl Sigma chemical Co.

o#h B ¥ X
K,CO, gi%$ ¥ # X
KHCO, Sigma chemical Co.
K,HPO, Sigma chemical Co.
KH,PO, Sigma chemical Co.
KOH Merck

MeOH; methanol

Tedia Company Inc.

MgCl, - 6H,0

Merck

NaCl; sodium chloride

Merck

Na,CO,

Sigma chemical Co.

B-NADPH; nicotinamide adenine
dinucleotide phosphate

&

8

Na,HPO,

Sigma chemical Co.

NaH,PO,

Sigma chemical Co.

NaN;; sodium azide

Sigma chemical Co.
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NaOH; sodium hydroxide

Wako

Na,S,0,; sodium hydrosulfite

Sigma chemical Co.

Phenobarbital

Sigma chemical Co.

PCA; perchloric acid

GFS Chemicals Inc.

Phenanthroline

Sigma chemical Co.

Phosphotungstic acid

Sigma chemical Co.

Petroleum ether

Merck

PMSF; phenylmethylsulfonyl
fluoride ‘

Sigma chemical Co.

POD;7-pentoxyresorufin

Sigma chemical Co.

Resorufin

Sigma chemical Co.

Sodium acetate

Sigma chemical Co

Sodium borate

Sigma chemical Co.

SDS; sodium dodecyl sulfate

Sigma chemical Co

TBA; thiobarbituric acid

Sigma chemical Co.

TCA; trichloroacetic acid

Merck

TLC aluminum sheets (20x20cm)

Merck

TMP; 1,1,3,3-tetramethoxy propane

Sigma chemical Co.

o-tocopheryl acetate

Sigma chemical Co

Triton X-100

Sigma chemical Co.

Trizma base;

Tris[hydroxymethyl]aminomethane

Sigma chemical Co.

Tween 20 (polyoxyethylene-

sorbitan monolauurate)

Sigma‘chemical Co.
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