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=Abstract=

Effects of Ischemia/Reperfusion on Hepatic Secretion and
Microsomal Drug-Metabolism in Rat

Joon Pil Cho, MD., Yoon Seok Jjung, MD.

Department of Emergency Medicine
Ajou University School of Medicine, Suwon, Korea

Ischemia causes tissue necrosis in a wide variety of pathologic conditions. Permanent deprivation of blood flow is
lethal to any tissue and the prudent therapy for ischemia unquestionably is reperfusion. While reperfusion is necessary to
reverse the progression towards ischemic death, reperfusion is also thought to be accompanied by its own component of
injury. Oxygen free radicals, formed during ischemia/reperfusion, have been proposed as one of the main causes of
reperfusion injury. Free radical attacks on biological membrane, such as mitochondria and endoplasmic reticulum, and
can lead to the oxidative destruction of the polyunsaturated fatty acids of the membranes through lipid peroxidation.
However, direct association between microsomal lipid peroxidation in vivo after ischemia/reperfusion and changes in
secretory function and drug metabolism on the liver have not been established.

Therefore, present study was performed to evaluate the hepatic secretory function and the hepatic microsomal drug
metabolizing enzyme activity after ischemia/reperfusion preparation in rat liver. Further, the effect of oxygen free radical
scavengers was investigated.

The animals were divided into sham operation group and ischemia/reperfusion group. The ischemia/reperfusion group
was subdivided into non-treated control and treated (with superoxide dismutase, allopurinol, e-tocopherol, deferoxamine)
groups. Hepatic ischemia was produced by clamping the left branches of portal vein and hepatic artery, resulting in
complete ischemia to the median and left lobes while the right lobes remained perfused to prevent intestinal congestion.
Reperfusion was permitted by declamping after 1 hour. After | or 5 hours of reperfusion, bile was collected, blood was
obtained from abdominal aorta, and liver microsomes were isolated.

The results are as follows. Serum aminotransferase was increased 15~20 times by ischemia/reperfusion. However,
this increase was attenuated by free radical scavengers, especially 5 hours of reperfusion. The wet weight-to-dry weight
ratio of the liver was significantly increased by ischemia/reperfusion. e-tocopherol pretreatment minimized the increase
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of ratio. Malondialdehyde level in the liver microsomal fraction was significantly increased after ischemia/reperfusion,
but this increase was attenuated by scavenger pretreatment, especially a-tocopherol. Bile flow and cholate output, but not
the bilirubin output, were decreased after ischemia/reperfusion. The free radical scavenger pretreatment restored the
secretion significantly. Cytochrome P-450 content was significantly decreased after ischemia/reperfusion and
ameliorated by free radical scavenger pretreatment. NADPH cytochrome P-450 reductase activity and aminopyrine N-
demethylase activity were also decreased and improved by free radical scavengers pretreatment.

These results indicate that ischemia/reperfusion deteriorates the hepatic secretory function as well as hepatic

microsomal drug metabolizing enzyme activity, and the oxygen free radical scavengers attenuate the functional changes

of the liver induced by ischemia/reperfusion.

Key Words : Ischemia/reperfusion, oxygen free radical, drug metabolizing enzyme
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HY/ABFE A AN, HEFP R & F
thity A713A39 53 72 oo B9 4
HolMe A7) &4t #EEe Yo ¢EA
Atk B3] 7ro|4g uHIEF A7)0l 4(organ
transplantation) ¥ A% A #F(cardiac reper-
fusion) 9} & MZE AEYo| F718HEA ¥
A EE AAks AR 2 A&7t AEY
HAY, ARFE F dove 98 AX FAd
wurye] H2 UE 71A e Ao HopA
Ui 4= O

Y T2 Ada AHdaME duAdd
ATP7} %o| ARH¢ hypoxanthineo] =% i
o 2453 ZAd NAD ¢ &4 xanthine
dehydrogenase7} AtA 2]&A4 xanthine oxidase®
APET ABFE A4 =UHE 38
purine tHAVES B 47 213lEo], A& 4
% xanthine oxidaseo] 2|3} SAJe] 733 84 4
A AZRIY, XY ohF BES A
o] TR AARAE AFA (hydrophobic) ¢l
otol] LT} A7) WES free radicald 24

NA ¥F5E& Y293 Yoprbx M EZFH
(cytolysis) & Rz gct.

A dax A4 9A 2 AAEZE S alopuring,
superoxide dismutase, catalase, deferoxamine, a-
tocopheral £9°] 1t} Allopurinol€ superoxide
anion AAlell Fd3lE xanthine oxidased] YA
A o)™, superoxide dismutaser xanthine %
hypoxanthine©] xanthine oxidaseo] ¢]3] 4+3ls
wA AAEE superoxide aniong FHAZTAE
ABA L ANE FABFAE catalased] 23]
B3 A4 22 ¥alHoh £33 on chelator &
9] 314<l deferoxamine” > Holl 23] w7
o8 Ak ANE 91;;]3}131 x}.&)ﬁ BN
AAEARE AFHAN3 W3 JAFE o
tocopherol® 5o] G&A Ut

7He AdelM HE dARgel #E 3719 &
UzA ok AeeM & AA Aa ARES
0%E AT 2H L AE oA dofut
EFEE A 3E §o9 oA kA '
%"1 olEE T 7B T £
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1. 4sE ¥ dE

AYFEZE F5FA 200~250g8 F3
Sprague-Dawley#l ##E ol &3tdom AF A
47 B YN B AHEFA dF s
£ 39tt. 4832 sham operationd, 3E/A
FHFFOE FRINeH HY/ARFES A
) Z &, a-tocopherol T3, deferoxamine

<, allopurinol $o4 3, superoxide dismutase %<
o7 Urarh

B AN SH/MERE AT Y s A ABAN BE - 60

2.8 83 ¢

A¥ EEE pentobarbital sodium(50mg/kg) L
E OuHAAL, 4F FA9E s AHH
catheter® cannulation3t & 25 ATAHE wet
NEste] FHe] 9% B9 7y A I
o F8 A4&E 3 1EHUE campstd ¥
TEAZIT, 9 AT A3 $(60%) camp
AAS AFFAHDT ABF AT D54
Fol PE-50 tubing® Ha A#sld 2%
A § EF geUo2RY AL A3
33 e HY 2 FUES HEEo AP A
L3 ol HHe dHE #et FAE 54
8l (wet wt) 80ColA BAT AXAZ & F
AE Zol(dry wt) wet/dry liver wt, ¥ 5 &4
A th Sham-operated 52 ¥ ¢
g 7F FHE clampstA] @3 EE AE

o SAaA Agsren.

to L mlo

i -‘H Gl
o e |
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3. %=X N

g9 A2 Ad 94 2 AA EZEE o
tocopherol, allopurinol, deferoxamine, & superoxide
dismutaseE AH-3lHth e-tocopherole H¥ 39
HAHFE sl 20 me/kg body weight ¥ E7hH
FARBIH O £ 2= soybean ols AMEIIA G-
Allopurinol A¥EA 2YHE &5 50 me/kg
body weight ¥ 7 Fodsigeorn AF 74 2
A Aol 50 mg/kg body welghtE 737 F43}
At} Deferoxamines 518 22 5584 © 47
Z A& 58A 4 150000 units/kg body weight® A
W FEAL 3192 ™ superoxide dismutases H A
3y 2 534 2 AB/F = 5EH
60mg/kg body weightE® A T}t
Allopurinol, deferoxamine, ¥ superoxide dismutase
of &= 25 AeA AAFE

(o)

4. W3 AXN 299 2

A& 73S A #ol teflon pestle
2A 1g% 4ml2) 015

H
5

homogenizer& o] &8l 7}
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M KCl1&dez FA3}AZ o 9,000ge14 20
E27F qARYs A A5dTE A 459
£ T4 105000g91 A4 60E7F A EE®Y AF
A W 35 AAEQ AXA Y& @
Ao ZHAEA 1gF HF AXA §9o] 4ml
¥ E& 01 M phosphate buffer, pH 748 A7}3}
o NHGAA -70C deep freezerol R A3t 4
ol AHEEAT 7 FASMNEH AXA AY
g§71x¢ RE #AAL 2CAA FH3dh

5. BN YH

A aminotransferases Sigma kit # 59-
UV (Sigma hemical Co,, St. Louis, MO, US.A)&
AHesle EEEFYOR ZAFYLH, BF
cholate ¥ 5890 Z sodium taurocholates M
A 630nmolA EEFIHOE FAIULH,
bilirubin& AM 301-K(Nipponshaji, Tokyo, Japan)
kitg AHe-ste EFEFEHOE SASAC HF
AFA EYY A HAASELE Masugish
Nagamura(1976) ¢} ¥HH0e] we} thiobarbituric
acid(TBA) assayE® AHME3te] 535nmellr F3%
g 2AFPgoey EFHPOE = 1133
tetraethoxypropane (malondialdehyde [MDA]
tetraethyl acetal)$ Ar&3 vt NADPH-
cytochrome P-450 reductase 84 32 Masters
5(1967) 9 I B Mazel(1972) 9] HP{12)9)
el 2FF 9k £57F 9AA He 3~4%
Apolel 550nmolAM 1#7ke] FFE 2HE A3}
T molar extinction difference® 19.1nM/L/cm@
2 3l ZA3Yr} Cytochrome P-450 e
Omura®}t Sato(1964) ¢] ¥ w}e} differential
spectrophotometer & 450nm$}t 500nmel A EFF
€ =A% 3 1 A°]& molar extinction coefficient
€ 104mM/L/cmE A4F8t% Tk, Aminopyrine N-
demethylase®@/J& A S+ formaldehydeE
Schenkman-(1967) &) ¥HdWo] we} 412nmel A
EF35E A3 AAS}AT. Aniline p-
hydroxylase® 4 & A 4 = &  para-
aminophenol(PAP) & Mieyal# Blumer(1976)¢] %

o) w2} 630nmel A FFEE FH3te A
3%t} Protein® & Lowry $(1951)¢] Hhge)
o] wel bovine serum albuming FFLAOZ
AHg-3te] A sttt

6. W™
£ 49 A% FFLEZORAE YUY

o AF EAL one-way analysis of variance
(ANOVA)E ol&3t9 p(00s FEolAM #FA
& 2R3 g

m. Y iy

1. 9% aminotransferase(ALT) 8%

¥y ALT BA-L sham operation 3§ 550+
50 U/LelReY &% 5A17b & 33001321
U/LZ Z7F8eh 1A% 5 38 2AA
S W 3 ALTEAL 1053+270 U/LE sham

B Sham

& control I/R

8 Tocopherol 1/R

W Allopurinol 1/R

M Deferozamine /R
B SoD I/R

b

6000
5000
4000

Reperfusion time(hr)

I8 1. SE/MAR £ A aminotransferase?| H
S 3 83 o180l 9
e zhzh 7aiE]e) AN HFLEF2AY
*0.05, **p{001 sham operation 39| W&
Yoos, o001 sl¥/ABF Bz Bz



operation®l] ]3| %7+ F7tstA ok, A #F Fol
= 8A3 sk & ARR AN e
1425611707 U/LE 718928 5A17F Fo&
5269445752 U/LE A&7 Aol H|ste] 50u] o]
& F7hEch 28y g4 AkA A 9A 3
MAEE Fode SAL AJRE AT A
ALT 84 /M8 4%~LFE7A A
% a-tocopherol®} deferoxamine *A|7+¢] 5A|7F
A#FA @ ALTA= ZHzF 1812635139 U/L
9} 161112966 U/LolR1 2w, allopurindl Fo 7
3} superoxide dismutase TS 25654+8762
U/LS} 24328+4321 U/Leldh 238y A#F
IANZlE SE8/A 3R dXxFold FEAAL
Atolo W Aozt RUTHIH 1).

2. 189 wet weight-to-dry weight H|

Sham operationzol A 7+3e] wet weight-to-
dry weight ¥ 3333005904 & 5A17F 9|
T 350400308 ¥ Aojzt itk I} 14

B Sham

I control /R

M Tocopherol I/R

B Allopurinol I/R

M Deferozamine /R
6~ MW SoD I/R

Reperfusion time(hr)

D2 2 HE/HF £ wet weight-to-dry weight
raio HE X gtst =9 A
e 27t 7okl e] AANA Wt EF LA
#0005, **p<0.01 sham operation 2] H| W
Yoos, Mool HB/ARF h225e) vl

BA IEOIN HR/ABFE AP BY NE L ARAN B - 483

™

7+ YR o] H|E 378101628 Z713lgon,
B35 1217k 3864010, 5A17H) 4034008
FEo] oA Frtstdch 18 84 da
AAEE B AARE A% 22 s ¥
ad3ko] 20U, superoxide dismutaselr A BFH
5A17Fol Al 1 ®)7} 3510092 Z7HA HEE o
A JAFAHIH 2).

3. HAXAY A A 2t

7 AEJ AFH433HEQl malondialde-
hydeX|+ sham operationol A 4% A F 044+
0.05 nmole/mg proteino] A} 1A|1Z}, SA17F ¥ B &
050+003 nmole/mg protein® 2 ¥ =}o]7} YU
o I8y /85 A2 AR JA
180028 nmole/mg protein®] QW, 1A] 74
211015 nmole/mg protein, 547 258+031
nmole/mg protein®. & A&£F 67 HAF =7}8}
Aok A Ax A A4 2 AAEE FH7
oAM= sham operationitoll H|3td ®F Z7}&

Hl Sham

[ control I/R

M Tocopherol I/R

M Allopurinol 1/R
3.5 B Deferozamine I/R
M SOD /R

Reperfusion time(hr)
T3 3 5{E/XAUF F malondialdehyde HE 2
A3t okEe| e
ke 27 Tolele] AN BRLEF LAY

*p{0,05, **p<001 sham operation 3}¢] H]
toos, todool S8/ 25 2ol vz

ogk
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o Autaoez JHY/ARF xR v
o I 57t Axs AUA st E3
a-tocopherold X Z ol A A #AF 54 7He
malondialdehydeX] £ 095+021 nmole/mg protein
o2 HE/ABF Uz v gdA 7
423999 sham operation?# ¥ ztol7l AN
(2™ 3).

4. BE& BEY

4& FH|FL sham operationwo] 1A R 5
A7+ %o Z+z} 0234003, 020£001 ml/hr/100g
body weightZ A Z dAHASY 3E 7|7+
Fole A3 GFEHE 2 F Ao A
#F FAT AY/ATJF 2NN 1A
0124002 mi/hr/100g body weight, 5217kl 008
+003 ml/hr/100g body weight® 2 ZHA3ch
A A2 A4 94 AAERD FoREE 9F §
HlZ 7hao] d ge] ¢tk F bilirubinX &
sham operation#ol ¥/ A7 Atoldl 9
9J9lE Aol7b §iith cholated] ¥H|EkE ¥/
AHF d2ZAM ABF AT € 5AT 34
Z}z} 062+0.14, 023+0.09 ml/hr/100g body
weight2 sham operation 9] 123+007, 100+
006 ml/hr/100g body weightEth 7FAEHAT 3
/A AF F 1A a-tocopherol Fo7o] 1.74

I SE/MER F

o 26 7150 HE % Y

+0.26 ml/hr/100g body weight, deferoxamine ¥
a#o] 1644015 mil/hr/100g body weight,
superoxide dismutase ¥ ] 1.53+0.08
ml/hr/100g body weightZ 3 ¥/A#F 2
H3ted 22 9lA FrHE ATHE 1).

5. Cytochrome P-450 = % NADPH
cytochrome P-450 reductase #95k

WA AZAY cytochrome P-450 %2 sham
operation=©] T& AF, 1A7} 4 5417k 74z
0.80+0.03, 0.76%0.03, 0.74+0.07 nmole/mg
protein© 2 YA HE/AFF AZFNA
= AFF F N ¥ WFo] fisdey, 5
AlZ4o] 0331008 nmole/mg proten® & #2]3}
A Zadach 84 44 AL oA 2 AA E
F FAFZ EF)A sham operationgtoll 4]}
EAAHCR £ Aole YUY deferoxamine F
superoxide dismutase FAFANA A TF F 54
Zvol Z+zb 0.92+0.13, 0.87+0.15 nmole/mg
protein® 2 %7}t sham operationi® 3} H]$=38}
9t} NADPH-cytochrome P-450 reductase®] <
< sham operation@ol A& ¢ ¥, 1417}, 54
Zvo) Z+zh 1284+104, 12861104, 137.0+10.2
nmole/mg protein® 2 AA& A AY/ATAF
YEFANE 5844170, 5714972, 676+11.1

Sham oferation

0234003 020£001 1234007 100+006 1491018 1391019

Ischemia/Reperfusion
Control 0124002 006:£003" 0624014 083+009" 1254036 1274035
a-tocopherol 0131002 013+003t 1740261 032007 2074051 170102
Allopurinol 011+002* 0124003 066013" 0514011 1381041 1791044
Deferoxamine 016002 010001 164201501t 049+0.18" 152401 131035
s0D 008001 006001 153+008*t 1 1284058 1301046 1544013

e ztzt 7ule] AN HFLEFLAY,

* p <005, ** 1y 001 sham operation+ 9] ¥] 3
tp <o tip (ool HE/ARE dZ2oe HE
1: ml/hr/100g body weight 2 mg/hr/100g body weight



I 2 S{8/MNAUFR F Cytochrome P-4502F2F NADPH cytochrome P-450 reductase EAI HE

B DN R/MEEE A% 2Y e X ARAN UF - 485

Sham operation 080003 0761003 074007 12843104 12861104 13704102
Ischemia/Reperfusion
Control 070+0715 065021 0.33£008" 84+170" 5714036 676 111"
atocopherol 0714022 0831031 089+0.38 846111 1480+3501 1069+1161
Allopurinol 1474135 0981062 1054063 1000+424 10721480 8254933
Deferoxamine 0871020 0974011 09+013tt 13141401 930+ 86t 11104 771
SOD 12320191 0811013 0g7+015tt 931126 1621+7901 t 96+ 61%1
ahe 24z 7oke] PANA BFLEF LR,
*p < 005, ** 1 ( 001 sham operation?#¢] B
t o Cogs, tip Coo S8/AHE B22He) vz
t: nmole/mg protein 2: nmole/mg protein/min
¥Y HE U BM8 otzel 98

H 3 3{8/MaF & SYEUHAIES

o i

21631051

Sham operation 21414137 21524051 7302053 6401042 5504052
Ischemia/Reperfusion
Control 21244159 6611277 536103 6911072 13871182 7762139
atocopherol 21514226 16161276 874090} 7.33+122 773215 % 78+127
Allopurinol 23594885 1287+200¢ t 50+421* 962+458 6161065 F T 6724198
Deferoxamine 1970310 1180+200% ¢ 12204560 8634083 878190 8154191
SOD 2580£520 158O+190°t + te0x10"t + 877155 67+162% 67513

2 A 7ube] BHM HEFEBF2A.

* p (005, ** 1 { 001 sham operation?* 32| B2
tp (oo, to Coot HB/ABF 2D W

: nmole HCHO/mg protein /10min

2: nmolePAP/mg protein / 15min

nmole/mg protein® & sham operationg-ol 4] &}ed
oo QlA Wtk A AbA A A € AA
3 B2 FAAE ARF T 147 5217
a-tocopherol Fof o] 7}z 14804350, 1069+
11.6 nmole/mg protein, allopurinol £& o] z+z}
107.2+48.0, 825+93.3 nmole/mg protein,
deferoxamine ¥ o] 93.0£86, 111.0+77
nmole/mg protein, superoxide dismutase & 9]

162.1+ 19.0, 99.6% 6.1 nmole/mg protein,

superoxide dismutase Fof+o] 16211190, 96+
6.1 nmole/mg protein 2.2 HY/AAF R0
H) 3l Z7hstTHE 2).

6. A2HMN 2L Y

Aminopyrine-N-demethylase 42 sham
operation#oll A1 21.41~2163 nmole HCHO/mg
protein/10 minZ AY A 71TFS A
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a8y ¥/ABF dxZAME 3¥E 1% F
de ¥ Aol7t YUY ABF AT L AT
Fo& 661+127 ¥ 5361103 nmole HCHO/mg
protein/10min© & sham operationgoll ®l3le] ¢
qUA FAasA

a-tocopherol ¥ superoxide dismutase ool
A A#F AT T Zhz 16164276, 1580
+190 nmole HCHO/mg protein/10min= & /4]
BF dzFd vgd gUA F7rstEh
Aniline p-hydroxylase ¥4 £+ sham operation®
o] £&4%F 1A7t 640+042 nmole PAP/mg
protein/15min1 | ¥&ta HF/AAF W2
A ABF 177 13871182 nmole PAP/mg
protein/15minZ  F9]3HA FrtE Yo &4 A
A 94 2 AA FES FAsUE AF 0L
A=A FUTHE 3).

v. 2@

YL AA A9 7 HFH AR
ez, ol w7l 23 E4o] o
1B
[} ).é]

Aol 448 ATFHE Aol &4 A7)
Zof] Yotk IHY MAE AFT 3

<+ JPEAEG Ag 3 &gl xHEH o
< ABF 42 ARAFA HEAH] 22 &
A ga7t AGE7 HEg AR gEA Y.
A AA AA 7140 2= mitochondrial cyto-
chrome oxidase complex, xanthine oxidoreductase,

ml oy o @ rp

!
3
A

arachidonic acid cascade S°)v} iron-catalyzed
reaction, NADPH-dependent oxidase(respiratory
burst) Foll 93t AL + Aok 53 Y/
AN BE &40 x ¢ xanthine oxidoreductaseo] 2]
3 A AL A4 71AE ATRYE A 23
el 58 Aeizt fEEE JuAdd ATP7L
Zo] AREo] ZHU | hypoxanthineo] &3
T FA H¥ol A7 MEY ZF FTUIE @
B3 & A(calpain) 7} BA3E ™ xanthine
dehydrogenase”} xanthine oxidase® A $HH ),

Xanthine dehydrogenasex 7|ZZHE NAD+t

2 ARE AR WSS FAANNY
xanthine oxidaset= NAD* th4le] 442 AAE
AGSEE AFF st Fart A=YHH
24 purine AHES H& A AstE], 4x
A< xanthine oxidased] 93] ZAol 73 &
A 49 3] superoxide radical2 A @ TH
olgA MAH superoxide radicald Ao H
of 71d 9 3udE ZAdE superoxide
dismutased] 93t hydrogen peroxide® 7, ©|
T THA] catalased]| 93le] 3 44 EXE W3}
E A} glutathione peroxidaseo] 2]} glutathione
disulphide® ®3t¥&= 534S AXA "o
T3 superoxide radical® hydrogen peroxide= 3,
FEle 72 A9 YA uisfste] w§dd
hydrogen radicalo] 435 o]= ¥kgAo] w4
Fo} lipid peroxidation®] &|%+ M| E% &4, protein
denaturation, nucleic acid denaturation $2] %3
&8 F2de AR 4EA Utk oy o
g3 &4 AAE A9 22 YA BF E49
F8 71AY Bn ozt 45, #4Y, k3 ¥
G ME Fo8 el A & grhs),

E tiAtelE Bhd o3t Abs), &4, 2
Tt EAAZIE WS AEAYY o8 714
B30 ZFAE el Aot GES Mg
3 A7ledl ¥92% oxidative metabolizing
enzymes microsome®o] Eol U EFHY
electron transport system@ Z A o]E &AL A
51214l = NADPHS 447t @430t} §39
ZH microsomes cytochrome P-450 isoen-
zymess T3 AT 71A(FE) o4& 7t
A3 Jeng zh kEo) wE gAY dgAdS
vetdthY), mets ¥ 3 AA[E TG T
A Aeo M9 cytochrome P-450 isozymes2)
4 #ste 9830 ohlet YE o w3t
Ax7 tE AR AZE

ol ARPeA dWty 7+ &4 ANEE 7
Z HEY B (cytolysis) FTE Yotrr H3
o] A aminotransferase(ALT)E 2333, 7t
2 A E9| T3 (permeability) H3HE 471 A3t
o] wet weight-to-dry weight ratioZ %4 A3}
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ol B #H¥el 93td Ftezl AFALH A
7ol ddd I AR B HARA AH
7 SAZMA AR Freke AE #F3E 4
At E=F A Ahdl 2F MEw &4
AEZ 74 2EA A 445 A AHEQ
malondialdehyde™ #3/A#FZ A3l F7}3)
Qqon, o= HY/ABRE sy Frtsge
o, ol HY/ATF g TAE &4 A
AAE Alolel ZHI FFJAo] Qg ALR
Azt gLo] 84 44 A A4A 2 AA
B FoA RE FHY/AAF FAAM ¥H
ALTZ7F A%rt Zasty AFA 43 At 4
B9 Zyi7t dAEA dAES #FFIEH,
ol g4 Aad 93 MET AAHAE §
H/ABRF 49 F23 &4 NAYE A
3 F3 Utk

HY/ABF 23 F 7129 9F BHFE A
AFAFRH sATA AR FAHACH &
3 bile acid dependent@ #H]o] #H3l+ cholate
ko 7447t 8 2998 ¢ F AUk =
superoxide dismutasel} a-tocopherol X XA &
& 2N Z4E £ F dded o
71% £9 el gF FHIE JY/ANARE A
A 84 Ao 93t 1 715l Ay
2 5 g 778 ABFA 2709 AHE &
A Nace 7 AE oM AEHY ol FE
Kupffer cello) ojs] si7j=l3 7P ES &2 1
¥ 3F79 A& dAEGY ),

v FHE/ARFA FERA BAA
cytochrome P-450 system?| o]}o] 713 A XA
Ad HAaste YHGF #AAL o e-
tocopherol® A X 2 lipid peroxidation ZAA]71
oy gty AAlZ 7Y AEe GEUAIAY
7153 &AL o|AFIE oW 439 AFx
A Axe A8 2EFAY AZE A
F Aoz AztEd 73 dEUAL BEAA Y
% cytochrome P-450 42 38 3% 9 AAF
Al 8 WEo oy AMAF SAZE
A3 ZAasAnh ol & F cytochrome P-
450 %9 Zay 7H8W cytochrome P-450
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T ROE Hol 4 Atdd g 4E dAt &
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