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Protective and Therapeutic Effects of Malloti Cortex Extract
on Carbon Tetrachloride- and Galactosamine-induced
Hepatotoxicity in Rats
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‘College of Pharmacy, Kyungsung University, Pusan 608-736, Korea

(Received February 4, 1999; accepted March 5, 1999)

Abstract — Hepatoprotective effects of Malloti cortex extract (MCE) from Mallotus japonicus against the
carbon tetrachloride (CCly) and galactosamine (GalN) were investigated. Whereas serum aspartate aminotrans-
ferase and alanine aminotransferase levels were markedly elevated after CCl, and GalN administration,
pretreatment and posttreatment with MCE before and after the injection of CCl, and GalN resulted in
decreases in elevated serum aminotransferase activities. Whereas CCl, and GalN treatment caused 3~7 fold
increases in sorbitol dehydrogenase and Y-glutamyltransferase activities, pretreatment and posttreaiment with
MCE resulted in the blocking of CCl- and GalN-induced liver toxicity. The hepatoprotective effect of MCE
was in part due to MCE-induced elevation of hepatic glutathione levels. Pretreatment and posttreatment with
MCE also reduced increased lipid peroxidation induced by CCl, and GalN. These results suggest that MCE
may be useful for the prevention and therapy of hepatotoxic pathogenesis. It is presumed that protective and
therapentic effects of MCE due to be inducible glutathione S-transferase and glutathione reductase activities,
involving in glutathione-medicated detoxication and maintainment of glutathione content, respectively.
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 2u)Ake] AE]l schizandrin?} A1 AFFAAEAR
ZrEA A g a3l 393 v} glchk(Martindale, 1989). 315
iy e 2 de] 2ol 7ha 3+ 84)7F DDB, silymarin,
ursodesoxycholic acid 2 vitamin B complex % 7 & 3ko]
AL vsl 2 BA L FHT A e & HGE
ol A2 bFA sEAe A o 2] 27) sg 2oz 5t
At

of| & L} F-3] (Malloti Cortex)e= o=} 5-(Mallotus japon-
icus Mueller Agroviensis, t=3} Euphorbiaceae)2] T3 (7}
BYE Axg Aotk dEui= dn b T EHER) &
F Aol (FEMN) SR 2] dE oY, o] 1Y
52 ghEre] gaAatelad Al ofguiFe]d s
P AR AREE I gl e (ka3 3, 1994; o
okl Ad Ay, 1996), ke 2 JESR(ES,
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1971)0] 9le Ao Id=A gl 5A0] -2 #3 ofy
2 oAt okelahg 2 BiAbol ik <A@ 5, 1979% ¢
=Aer ¥yg vl glrh. AE 2 2= bergenin, mallopere-
nol, rutin 5 20JFo] 9l ow(dRFE| A, 1996),
bergenin o] dxo] B E o o) 7 oFatg-
(Okada =, 1973)2]e)| &}od=t-2(Swarnalakshmi 5, 1984),
g7 @2k (Jahromi B, 1992) §°] 1=, F4, oF&A
2 gk B4 A5 SAEE 5, 1975)0] A9 9= 7
o2 9#A gl

CCLS} 22 7FBA 4L ZtzA Addists f=
&ho] XUk AL WA FFHLE2E AESES F
uk] A THNoll 5, 1984). CCL7} ZEAIE2] A Z A ol A A}
e} trichloromethyl free radical 22 ALEZLAZ = o
AAIEE 2 sta = AAIALEEEe] AT F&
el HEE Jogln e FaArl Aoz o
2 A AAHAEHE FEke] S7)EA = Ak Al
A7} Aty 3lglcH(Fantone 5, 1982; Johansson
£, 1985; Letteron =, 1990; Rechnagel -5, 1973).

Galactosamine(GalN)e) oA 43 ZeqsbaA glzlol
AA vehbs 71T §A1EE A ske frasicl 7hA)
¥o]| galactokinase®} galactose-1-P-uridyliransferase: uridine
diphosphate(UDP)-glucoseZ} %7] wjf-ofl GalN-2 Z}tel] Eo]
Aol o> o o}E 7|l AY J3ke FA) derh
(Keppler 5+, 1970; Maley %, 1968). GalN-2 ZFA| =] AF &
AR A Fe) Folote] &g HURbch(Kepplere}l Decker,
1969). Zt=x-2 UDP $=Ale] #Ade] )5l uridine
phosphates®] & 7+4-2 RNA$} glycoprotein®] A5 o]
A s)5] o] Alzeke] £aka) AT Ca® FE7F F7hE ] F
wk2)) (Decker 2, 1973; El-Mofty 2, 1975). GalN] -4
F%A), glicose A& FA1A717] AT dAtgel7} o
ot 7= A7} AdeluiA S WA S5 A 173w A 24
Zoko] JolulA Fch(Farber T, 1973; lller2} Miller %,
1972; Lesch 5, 1970).

olel] ¥ Aol 7A gk ok 2 X gA e o
o g Algsigts @ GalNo# §uEE 7hEA e o4
e ae) 2HEA o) 2 X5 Z9-E A4 B4
2 U rod g g3 g 85 A8l HATFE A
Sodaly 3k A8 Al FrAse, Fo A
sleka wEl g 7kzAe) 54 HELS BeA 49
g d a0 Aldsigka 2 GalN - 7HEA o ml A=
22 A} R

SR

Al
=

gk

E=
==
= A FEAletellx] 7-9fa 150+20 g°| Sprague-

DawleyA &3 4T dFUo|d £ FEHNA 94
g ZARE2042T, $5:60%, B 1247t light/dark
cycle)llA] A-g-A17) F Agd| Agsided, sulels &
ToZ st
Alzol ®=E

dueiiis 38 LejilelA AAdste] 350 o)A L
27 2y F dPura g gAstn Adsian. A
Z3F ARy 27 1kgoll S5 10 LE 718k 2417
2 23], 33 A= 5 L2 spelm 247F 90~100T 8%
oA 7k F&alm oJagt vk o] o9& FEAH60°C)el A
75571 32(<10 mmHg)te] dlevtFa] g2 160 g(16%)
< dgvhdBoaube] g4, 1993). o=
g ZFol] S3lste] Ag el AREslaiet
ANZF0 U AIHEIE 2H5N 7l

deuFs s Feodi= AT (pretreatment) T 55
o (posttreatment)?] W e 2 stoict. ofjehlr] g0 A
ol Ay Zas BdE st o) Ze] A
g}, Qe e Q2 150, 300 2 600 mg/ke/day2] £
2.7 79 ATFRY 3 CCLE 5] S| Bl Sa3te]
0.5 mikg?] S22 HFFo] 124743} 3647kl 7
of Zzt Foisle] ZHEAE ARG, CCL HE5F]
1227 A} F AR siEc) duuEdas] Frode
AR A A=} 124)7F Fe] CCL, 0.5 mlkg2S B7HFoishx &
A% F 24A7HRE AR G2 150, 300 B 600
mg/kg/day& 797F ATFsglch dlEupga] s HE
Fof 2427 A5} Fo) A st MHETLE sily-
marin 100 mgkge ZTFeislgcl. AgdEEE A€A
87t Fok A RE AlAstT 24 AAA sk
A|250{ LU galactosamine ZHEA Tt

et e Fole AF o (pretreatment) 2 F-F
o (posttreatment)®] B ¢ 2 sl JFuira] o 20 A
e duiAy AxE eWE sle} ohgF 2ol A¥E)
g}, Gt R oA~ 150, 300 = 600 me/kg/day2] -2
o2 79 AFEAE ©lg, 2442k 964 7ke] GalN 400
mgkgs BIFHol Foiste] 7HEAAE FAFHCL GalN
HEF] 727 A F A sk oAHuby-o] 29
FEA e AYAZHO0ANZHF 72417k Foll GalN 400 mgkg
& B7}Fe] 8l3 & GalN Fof F 79 F48 by
el 150, 300 @ 600 mgkg/dayS 77 AT 819
o} AR A s wpxRe g Rk Ty 2447 &
o] A stAct. 2T 0= silymarin 100 mg/kgS 7
T-2oskuch AR EEL AA 847k F1t ALRE AlA
3tz ER= 4 F 7 st

SARZTAH|
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o Abgslel.om A A deE BHI F AF 3 3He 44
2 A 50 ikl (pH 7.5) 2= 4] 3}e] homogenate S
utEt}. o] homogenate S 13} A1 B2 (600x g, 104 )5}
o gl olvbd -4 A A S-S 23 AAIEE](10,000%
g, 20325t mitochondrial fraction2 AA%F & A}l &
4] 105,000x g2 147} 94dE=] sl 2 2kA] & (cytosolic
fraction)yg B4 22 Alg-sleit).
HYMES =3

ASTe} ALT®] #AL Reitman¥} Frankel(1957)2] w4y
o) m}E kitAlek(opakAl) o2 AlAstei ). Sorbitol dehy-
drogenase(SDH)®] #4-& Gerlach(1965)8] ¥hH o) ol kit
A2k (Sigma, USA), 7Y-glutamyliransferase(y-GT)2] 22
Szaz(1969)2] HiHell wE kitA|FeRiA o r 23
s},
ZEh &0 £X

Cytosolic fraction%- glutathione S-transferase(GST) A
£7*]-2 Habig(1974) 59| #}Y, glutathione reductase(GR)
FA-2 Mize¢}t Langdon(1962)2] W}l F3le] £3]3)e]
). 2245 glutathione(GSH)T =] Al5}451E(MDA) T
% 24& z+7b Ellmand (1959)% Ohkawa™ (1979)e] %
stol Sgsteinh.
CHAZIo] MaF gl EAIXE|

ZF ZA4gl A A= bovine serum albumin(Sigma
Fr. IV} EFE 02 39 Lowry 5(1951)2] Phenol A]2F
Holl men, AQAdnes FAA+TEAAE FA 8
T EAA f-2]A4-& Duncan's new multiple range testE o]
£i5m,

1

-

Az

CCL, 7 2=

EH= alanine/aspartate aminotransferase A0 0|
= HEk

AF] A¥A CClL w552 ASTSF ALTS]
Ao} 1814 2 87.4 KA unit/ml® HAM7-o]) v]8] 22} oF
3 Zrbstgeh. asvt ARureelas Areigt F2
F7H 24 FAF FaAgor, deursdga
300 mg/kg -2 CClL, §15-Fojtol] H]sl ASTS} ALTS) &
234G Zh2 ok 45% 9 34%7R] QA A FEAle] B
R} )88 o & sIgith(Fig. 1A). =3 )iy
g FFoigt AN E CCl FHF79) Z7HE &
284S FA4UA JAANA, qHrisiod 300 mg/
kg FFAAF Fojl4 CCL HE-T)Fo| u]s] AST<}
ALTS] BAdo) Zh2t 47%, 26%2. 7hA4ste] X2 E57) g)
£-2 ghalslsith(Fig. 1B).
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Fig. 1. Effects of Malloti cortex extract (M) on serum am-
inotransferases activities in CCl,-intoxicated rats. A) Pre-
treatment. B) Posttreatment. The data are expressed as a Mean
£85.D. (n=8). Values having the same superscript (a,b,c,d) are
not significantly different each other (p<0.05) by Duncan's
new multiple range test. N; normal, Sal; saline, S; silymarin.

0| x|= Hgk

AFe] Agedd, CCL REFIZ2 AT Hld
SDH#} +GTe] ZA4EAe] 61.0 sigma unit/ml E 189.8
mU/ml2 Z7}ste] CCLe| &8 7HEA]S glslein). o
HuF o dAg AFET 72 CCLE 71 4842
LA A 242X A 300 mgkgFoll A E 2 49%2) 46%
o] A EA}E ¥olck(Table I). o]2]dt A a2 o}
FH A 2E TR AQA T 22 b vehfe] o
Y- 2 300 mgkgTelA SDHS} v-GTS] E2%A
o] 247} 37%5} 48%71A) 3B Sict.

Z=RZE XSS o|X[E g

ey Aol A, A2 20.8 nmole/g livergld] viF)
CCl, &2 67.4 nmole/g liver2 oF 3.28] =7)5¢]
26, R A2 300 mpked AP TL 6%
ZhAAlA B adg el okFig 24). £33 e R
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Table 1. Effects of Malloti cortex extract (M) on sorbitol dehydrogenase (SDH) and y-glutamyltransferase (3-GT) in CCly-intoxicated rats

Pretreatment Posttreatment
Group
SDH" v-GT? SDH v-GT

Normal 18.241,99* 2444202 17.2+3.07° 25.3+3.52
Cccl, 61.0=4.80" 189.8+17.85" 59.944.90° 190.5+16.07°
M 150 mg/kg+CCl 56.94+3.76° 171.1+13.12° 56.2+4.97 172.2+15.04°
M 300 mgkg+CCl 3124357 102.8+10.29° 37.6+3.42° 98.7+£7.77°
M 600 mg/kg+CCl, 30.144.30° 98.1+8.70 35.7+2.67 96.1+7.60°
$ 100 mg/kg+CCl, 244+237 91.8415.40° 23.5+1.72° 81.5+7.60°

The data are expressed as a Mean=+8.D. (n=8). Values having the same superscript (a,b,c,d) are not significantly different each other
(p<0.05) by Duncan's new multiple range test. Units: “Sigma unit/ml, mU/ml. S; silymarin.
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Fig. 2. Effects of Malloti cortex extract (M) on hepatic lipid peroxidation and glutathione levels in CCl-intoxicated rats. A)
Hepatic lipid peroxidation. B) Hepatic glutathione levels. The data are expressed as a Mean+S.D. (n=8). Values having the same
superscript (a, b, ¢, d) are not significantly different each other (p<0.05) by Duncan's new multiple range test. N; normal, Sal; saline,
S; silymarin.

Tl 300 mpkge AT B TRl £ CClL, B
ZofFol| H|s] Dzt glutathione ko] 45% T AR TR
Z7k=E ik Fig. 2B). A dag2 CClL ZHEAd ol
B g A 53 9E vehgch

Glutathione S-transferase?} glutathione reductase &
A0l 0jX|= HE

Hodxg FHAgt AP E 2 A AT Wl 54%
o) 2B aINE ehgs

7|'x’—‘|§ glutathione 2| O)X|= HEF

Axe] @ T2 A, CCL FEFATL gluta-
thione #8ko] Z}zt ¢F 2.73 & 2.78 mole/g liverE FJAFTE
v} glutathione?] Fx=r7} FAs] 4=} &4, d<dvt

Table IL Effects of Malloti cortex extract (M) on glutathione S-transferase (GST) and glutathione reductase (GR) in CCl-intoxicated rats.

Group Pretreatment Posttreatment
GSTY GR? GST GR

Normal 252.3+13.78 24.6+1.90° 248.74+15.27° 26.1+2.39°
CClL 143.7+16.59" 13.5+1.74" 131.84+13.23° 12.141.56°
M 150 mg/kg+CCl 152.2413.14° 14.441.54° 149.7+15.19° 13.4+1.22°
M 300 mg/kg+CCl, 201.8+17.45° 19.94+1.32° 201.5414.64° 20.641.85°
M 600 mg/kg+CCl, 198.4+16.54° 20.0-£1.55° 203.0+15.52° 21.3+1.91°
S 100 mg/kg+CCl, 140.3+15,70° 13.4+1.47" 134.1+15.40° 11.1+1.82°

The data are expressed as a Mean+.S.D. (n=8). Values having the same superscript (a, b, ¢, d) are not significanily different each other
(p<0.05) by Duncan's new multiple range test. Units: "1,2-dichloro-4-nitrobenzene nmole/mg protein/min, *GSH formed mmoles/mg
protein/min. S; silymarin,
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Aol g Ere] Agdlr, CCL FFFT-2 GST
gAlo] A2 AR} oF 120012 FAdo] AAFA
Haoh. AT ag A Fe] B FRAF T& Ik
# A& dA3] F7HAA, 300 mgkge T T2 40%
ol 5497 EAo) -’57]—‘3]-¢=‘1:]—(Tablc ). CClL, &% BT
2] GRe] 8A4& AT 2 FRAAxE or L2l 24
°1 Zrastgch deu s d g R g FRojq F

L CClL ©E ToFRn) B50840) Zh7 ok 47% 2 70%
Tﬂw}oq BE g AEade vych a2y silymarind

Fof B 5 AY 25 24 GSTe GRE 24
qeE FA] Wit
Galactosamine S8t ZH=EM

&= alanine/aspartate aminotransferase 240]| 0|
A= Hg

A Fo] AF A GalN FHE =l ASTS} ALTS] &
Z3Ade) 105.8 T 56.0 KA umt/mli A o] vl 2z
ok 2vf| Frlslgict. Tefut devbia] d g A Feigl 7
< F7HE 84S W3] Az o, dEurad
2= 300 mgksgE Foi¥F)t F-& ASTS): ALTS] E48A 0] 2+
7+ 69.0 ¥ 39,7 KA unit/mlE GalN PE-Fol o] B3]
35%, 29% A A)ste] REEINZ Horh(Fig. 3A). w3l o
r:;]LH’—rqoq FRo3} AP X GalNel o5 Z715

AL %94*43171] A7, Al 300
mg/kgﬁ' FBo g FollA] = GalN ghE-Fod Fo| )& zt2t
34%, 38%7 A QA GalNZ 458 ZFEAo] A E&E
& EP A ST HFig. 3B).

Sorbitol dehydrogenase®2} v-glutamyltansferase £
Ol 0| X[= A&k

sl Ao GaNGE ZojF-& SDHE} v-GTe &
A3 o] 545 sigma unit/ml 2 84.2 mU/mlE. £7}3}e) ]
2ol BlE] GalNel| 28t 7H5Ad-& Falsloict devhy-
A ~E T3} T GaNZE F718 54848 9
AA Z2AA 300 mgkgE AFAE FolMe 27
46%, A% A&7} HE=|glvh(Table TI). vhEr}A)

A)
150

120 b

sAST/SALT (KA unit/ml)

N SAL M150 M300 MGOO S100
GalN

23]
—

sAST/SALT (KA unit/ml)

N SAL  M150 M300 M6&00 $100

GalN
Fig. 3. Effects of Malloti cortex extract (M) on serum amino-
transferases activities in GalN-intoxicated rats. A) Pre-
treatment. B) Posttreatment. The data are expressed as a Mean 4+
S.D. (n=8). Values having the same superscript (a, b, c, d) are
not significantly different each other (p<0.05) by Duncan's new
multiple range test. N; normal, Sal; saline, S; silymarin.
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Table ITI. Effects of Malloti cortex extract (M) on sorbitol dehydrogenase (SDH) and y-glulamyltransferase (y-GT) in galac-

losamine-intoxicated rats

Group Pretreatment Posttreatment
SDH” +GT? SDH +GT

Normal 18.2+1.99° 24.4£2.02° 17.2+3.07° 25.3+3.52°

GalN 5454529 84.2£4.49° 49,5+ 4.49° 82.0:6.53°
M 150 mg/kg+GalN 50.31+3.94° 79.44:9.07° 44.6+3.66° 76.2+£5.37°
M 300 mg/kg+GalN 29.6+4.08" 49.8+4.82° 31.34+2.87° 45.1+4.11°
M 600 mg/kg+GalN 27.843.24° 47.6+4.32° 29.7-+2.28° 45.14+3.19°
S 100 mg/kg+GalN 29.5+2.63 35.944.39° 32.94+2.40° 47.3+3.90°

The data are expressed as a Mean+S5.1. (n=8). Values having the same superscript (a, b, ¢, d) are not significantly different each other
(p<0.05) by Duncan's new multiple range test. Units: "Sigma unit/ml, *mU/ml. S; silymarin.



40 Hack-Seang Kim et al.

80 SDHS} 1-GT2) #7de) Z12} 34%, 43%7VA] ZhAH e A&
(] pretreatment BHE ehisln. - = Y ———
T o 2ER F NAISHS0N /3 Gt
AFod AgolA], AalFL 20.8 nmole/g livergld] v]3)
GalN P=-F o] 7L 57.2 nmole/g liver2 ¢ 2.9 Zr}=]¢l
2w, dRuralds 300 mgkgs K L 40%7t
d 4 2] A A Zch(Fig. 4A). g FFog AP E At
=56l 300 mgkg ToIF-E GalN SHE-S T v]5) %]
AzpakslEe) ek 34%71R) ZHA FHok

ZIEEE glutathione EH2H0]| O|X|= HE

AR @ 550l AYelr], GalN 5Tl T gluta-
thione gheke] Zhzt oF 3,16 2 3.24 mole/g liver 2 AAT R
GalN t} glutathione®] =7} @A8] =g}, 3, At
FAg2 300 mgkgd AT B FFAY T2 GalN 2
= FofFe H|s] 22 glutathione ko] 44% H 46%4
T2 Z7lEe] GaNe R fid 71546 18 9 X848
7} 9188 selsksitk(Fig. 4B).
¢ Glutathione S-transferase@} glutathione reductase &t
Mol 0jX= A&

ARl B F5o) AgelA, GalN FEFHT2 GSTS
gAjo] 22 AAFHT) oF 164.6 2 162.3 1,2-dichloro-4-
nitrobenzene nmole/mg protein/min ©. 8. 43| 7tag 4]
& Jepigch R dag 15 @ SRR 2

2 ZHad 84S Z7HAA, 300 mgkeS Foig 2 R
M150 M300 M600 S$100 T 28%71A) F7}st4r). GalN ©% FoF9 GRe 24

GalN & Axe] 9y FEoJA] Zkzt 162 2 16.1 GSH formed
Fig. 4. Effects of Malloti cortex extract (M) on hepatic lipid nmoles/mg protein/min FEZ FAdo] ZAslch. At
peroxidation and glutathione levels in GalN-intoxicated rats, Tl 300 mgkeE A5 B Fhedd)t & GaN
A) Hepatic lipid peroxidation. B) Hepatic glutathione levels. E BEo{FHo} §40840) 2r)ale] -2 30%, 33%9] 3

The data are expressed as a Mean:8.D. (n=8). Values BEFE BT o : i B TIo. 2
having the same superscript (a, b, ¢, d) are not significantly FAS Bele(Table IV). T2t silymarin Foi37-& A

Z

MDA pmoles/mg protein

N SAL MI50 M300 M600 S100

m
~—~

[} pretreatment
a B8 posttreatment

c
L

GSH pmoles/g liver

N SAL

different each other (p<0.05) by Duncan's new multiple range Fol g TRo] Ag nF 714H GSTel GRe) &4lel o
test. N; normal, Sal; saline, S; silymarin. g2 F=x] ekglr}

Table IV. Effects of Malloti cortex extract (M) on glutathione S-transferase (GST) and glutathione reductase (GR) in galactosamine-
intoxicated rats

Group Pretreatment Postireatment
GSTY GR? GST GR

Normal 252.3+13.78a 24.6+1.90a 248.7+15.27a 26.1+2.39a

GalN 164.6--14.69b 16.2+1.48b 162.3+15.23b 16.1£1.80b
M 150 mg/kg+GalN 176.1+13.65b 18.4+1.58¢ 169.1+17.81b 17.5+1.71b
M 300 mg/kg+GalN 210.1+15.16¢ 21.1+1.64d 208.1-+14.65¢ 21.4+1.87c
M 600 mg/kg+GalN 208.4+12.23¢ 21.3+1.27d 212.54+13.87c 21.54+1.80c
S 100 mg/kg+GalN 169.1+18.00b 15.940.43b 158.3+9.68b 15.5+1.10b

The data are expressed as a Mean®S.D. (n=8). Values having the same superscript (a,b,c,d) are not significantly different each other
(p<0.05) by Duncan's new multiple range test. Units: 1)1,2-dichloro-4-nitrobenzene nmole/mg protein/min, 2)GSH formed nmoles/mg
protein/min, S; silymarin.
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L

Transaminaset= amino7| #o|vhL-2- Zv]sh= T4 &
Aoz YAHe P wol o] 8% 9l AST# ALT
7} ¢l o5 &5 amino acid®} o-keto acid}e] A}
o]e]l amino7| Ao|uhE-& Zeljsh= Zl g Aol g ¥
zH o] glr}. o] o] Zh&Ake] A ER de] AMgEE TS
YA E 24A AE gt 2 fE3EHe FEELTEA o] I
Ae AZRE energy FH 248 AHE AT K
o]-2o] AELR 257 Na¥, Ca¥ H F=Fo] Ax R
$eslo] S, 1 A3 Az B4 D, AZo] Sl
o] A zale] EA]5H ASTS} ALTY} $-3€c). 84 5
ASTS} ALT 5] ZABAES) 5L 5L AT
R ECIEP PR ECPEE IR ET R 20
WFoz feisel el ae 254 Q7o) o452 3)
t}(Plaa and Charbonnean, 1994). & A= cClL 2
GalN Eolz Zrls]l ASTS ALT EAZA o] i
Ax20) AFe] L FFAR 73 2AH o

7 9] 71758 Azr) He 84 SDH ¥ -GTE 744
Fo| HAdo} = AL Hhed sl S84 ZAA 7HRkel 2
5 2 FA4 2k we] 2r)Rnde] P5Al a4
rzA A e 202 {5 1 Z4o] Fv1H
= 7oz auA 9jrh(Asadas} Galambos, 1963; Whitfield
=, 1972). el R u]d 2 o] & SDHS} y-GT2] 24
o] SJAIHo] CCL 2 GalNel &5 Z=le] egolt} 2
AEG SASHAAA e Fsr} shdr) A2

o}v]1-wkel GalN-2- galactose(Zieve 5, 1988) thAlAkol
2 %3} uridine triphosphate, uridine diphosphate 2 uridine
monophosphate 5-&] 5% 7+4 % RNAL] o] &=
A8 £4-L §5 8} (Deckere} Keppler, 1973; Wang¥}
Wendel, 1990), T3+ 4| E9 A8 v Ee] 247 A
U i PR AsAA A $4E UUTHE-
Mofty %, 1975; Keppler 5, 1968). GalN2] FAIE=5FA| ¢l
£ A}, WEES) Agolis AT AT Fdo)
Yol }A -} (Farber £, 1973; Mere} Miller %, 1972; Lesch
=, 1970).

ouba] o g A zA] AETe] £ Az FALE
gl polyunsaturated fatty acid®] ZH41&}7} 7. 3k71A] 8le
2 A-E 1 9, AAaEke) Aa 9A] gl #ut
ohjel WA el gelel 2)ale] A2H oxygen free radical S
ool of71E ), Az ARt 714, F3) ExIFA
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e} o] TAse] ARt FE AL A5
A u] o A2 AAedF T2 CCL E GalN w5 Fod
T vla) f-elAdde ZAAE By o)l FAEA =
Z4) A AFaRERRgo] 318k AT (Klimezak -5, 1984)

o d

o} @ o B d7eAE e FaE Byen
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LollA Afella dxpA ez SR fAEE T
Aol A Wl Bhe-A el glutathioneS- o]-£-3fe] A< =
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o ag A2 4 9lrk(Chance 5, 1979; Matharoo 5, 1989;
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AN SR ST FAAL d AASIR| A L] #E 65
FA oz BdA 02 glutathionee] L£.75]w] o] 232 A
Ff gk fRels §4A B0 dFakg F AAEE
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