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Vitamins E and C: Are They Synergistic in Protecting Liver
Cells against Hepatic Ischemia and Reperfusion Injury?
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Abstract — This study was done to determine that vitamins E and C are synergistic in protecting liver cells
during hepatic ischemia and reperfusion. Rats treated with vitamins E and C were subjected to 60 min of
hepatic ischemija and to 1 and 5 hr of reperfusion thereafter. Serum aminotransferase level and microsomal lipid
peroxidation were markedly increased by ischemia/reperfusion. These increases were significantly attenuated by
vitamins E, C or its combination. Hepatic wet weight-to-dry weight ratio was increased in ischemic group, but
this increase was prevented by combination of vitamin E and C. Bile flow and cholate output were markedly
decreased by ischemia/reperfusion and vitamin C alone and combination of vitamin E and C restored their
secretion. Cytochrome P-450 content and aminopyrine N-demethylase activity were decreased by ischemia/
reperfusion and restored by vitamin C and combination of vitamin E and C to the level of sham-operated rat.
Aniline p-hydroxylase activity was increased by ischemia/reperfusion and this increase was prevented by
vitamin E. Our findings suggest that ischemia/reperfusion diminishes hepatic secretory and microsomal
functions by increasing lipid peroxidation and vitamins E and C synergistically ameliorates these changes.

Keywords[ ] vitamin E, vitamin C, hepatic secretion, drug metabolism, ischemia/reperfusion.

(Younes &, 1992).
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Vitamino] 3 A4 el A==} ofA|=t 4gko 2.4
Al fA]e) Ha= 27125 /7] 82 o)} Vitamin E(o-to-
copherol)7} # 2] 829 QIALZ W7 H o)) T =] Al
X A7 2 AR gAshe dHkstakgol
Ut Aol B =3 /A L a3} R vl e A}
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AR S olohe W Lelel ALHILE e A
Ak3}A| (pro-oxidant) £ % 2T (Wu 5, 1991).
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Serum aminotransferases(ALT & AST)= Sigma kit # 59-
UV ¥ # 58-UV(Sigma Chemical Co., St. Louis, U.S.AYS
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Fig. 2. Effect of vitamin E and C on serum ALT activities in
ischemia/reperfusion of rat liver. Values are means+S.E.M.
for 7 rats per group. *=p<0.05, **=p<0.01 vs sham-operatcd
rats. +=p<0.05 vs vehicle-treated ischemic rats.

L

Fig. 1. Photomicrograph of paraffin sections from livers of rats killed 5 hr after hepatic ischemia and reperfusion. Sections were
stained with hematoxylin and eosin. % 200. A) Hepatic ischemia/reperfusion control, B) vitamin E treatment, C) vitamin C treatment,

D) vitamin E and C treatment.
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AT ABF 547l 330+32 UL = <7 =7} shaidd).

HE 2 ABF HETdyes AzEtoz o3 38
F 227434 UL, ADF 14 7¢e]] 14514397 U/LZ 1 4=%]
7} Z71817] AlEbske] AfgF 5A)7kel 41054816 UL =
2 etk dR2FdA E7hE exle DR
1217k vitamin B G551 Tl 4 f-2) A0 A 24t n
AN PF 54 7kell = vitamin C THE-Fo]F3} vitamin E2} C
H-8-Fof o] oSl E F2] A9l Al ZHaEtgdnh

ASTH| % ALTS} v}#7}A] 2 sham ol AE 789 UL
2 AY 7Y dAsE oA dERTddEs dEs
598+80 U/L, A #F 1417k 10434351 ULE A} 2713}
of A HF 5AIZbol|l & shamTE} 22 3|7} 783 F71EE
6135212 U/Lelgich. dj2Tel4 2718 3= ARF
5A)7kel| vitamin E9} C z}zho] w50l Fof 23] f-2)4
oAl ZFAdted 3, vitamin B9} C B $-Fod Tl M= o) 2T
of] B] &l A ¥ o}z}, vitamin C, vitamin E ©h&-Foi B o}
oA = AAaE Rl ok (Fig. 3).
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2)A3 oA ZF3=shgirt.
ZHALY K= afrtst
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Fig. 3. Effect of vitamin E and C on serum AST activities in
ischemia/reperfusion of rat liver. Values are means =S.E.M.
for 7 rats per group. *=p<0.05, **=p<0.01 vs sham-operated
rats. ++=p<0.01 vs vchicle-treated ischemic rats.

E F7hste] AR 547kl shami-2] Sui7bA] =
i}, o] &71d $2]3= vitamin E Tl Fol| A ADRE
121743} 5A]7ke]], vitamin C GHE-Fo] Foll A &8 32} )
5 1417}, vitamin E$} vitamin C2] H-$-Se 7ol
W SAIZ ] el zTel wle] 22 {2 9A gt
t}(Fig. 5).
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0.23+0.03, 0.20 +0.03 ml/hr/100 g bwto]gl.om & 2
AR dE2FdA= 0111002, 0.15-0.03 ml/h/100g
bwt® Zha shd ot AR 1A 7ol W RrtellA] Zh4s
FFEo] vitamin C FE5-Fof Foll A F2A4 1A F71shd
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Fig. 4. Effect of vitamin E and C on liver wet weight-to-dry
weight ratio in ischemia/reperfusion of rat liver. Values are
means +S.E.M. for 7 rats per group. *=p<0.05, **=p<0.01 vs
sham-operated rats. +=p<0.05, ++=P<0.01 vs vehicle-treated
ischemic rats.
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Fig. 5. Effect of vilamin E and C on lipid peroxidation in
ischemia/reperfusion of rat liver. Values are means4 S.E.M.
for 7 rats per group. *=p<0.05, **=p<0.01 vs sham-operaled
rats. +=p<0.05, ++=p<0.01 vs vehicle-treated ischemic rats.
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Table I. Effect of vitamin E and C on biliary secretion in ischemia/reperfusion of rat liver

Group Reperfusion Bile flow Cholate output Total bilirubin
(ml/hr/100 g b.wt.) (mg/hr/100 g b.wt.) (mg/hr/100 g b.wt.)

Sham operation 1 hr 0.23+0.03 1.23+0.07 1.49+0.18
5hr 0.20£0.03 1.00+0.07 1.39+0.19

Ischemia/Reperfusion 1hr
control 5 hr 0.11+0.02** 0.61£0.07** 1.25+£0.36
vit. E 1 hr 0.15+0.03* 0.231+0.09** 1.27+0.35
5hr 0.13+0.02** 1.74+0.26" 2.07+0.51
vit. C 1 hr 0.13£0.03 0.3230.07** 1.70+0.25
5hr 0.18+0.02" 0.60+0.10%* 1.274+0.48
vit. E+vit. C 1 hr 0.23+0.03 0.54+0.04*** 1474047
S5hr 0.16+0.01* 0.51+0.15%% 1.03+0.27
0.30+0.02*%" 0.47+0.04*+* 1.70+0.23

Values are means =S.E.M. for 7 to 10 rats per group. *=p<(0.05,
treated ischemic rats.
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Fig. 6. Effect of vitamin E and C on microsomal cytochrome
P-450 concentration in ischemia/reperfusion of rat liver. Values
are means £S.EM. for 7 rats per group. **=p<0.01 vs sham-
operated rats. ++=p<0.01 vs vehicle-treated ischemic rats.

Zhof] iz ol A ZhAR dgake] S717t sham ol u]3)
23 F7lsiich

D55 cholaed] k& shamTolME ANBF 14170
527 el Zk2y 1.23+0.07, 1.00£0.07 mg/hr/100 g bwt.o]gd
od, 5 2 AT gl ANDF 147 2D 5420
242} 0.614:0.07, 0.232£0.09 mg/ht/100g bwt.E ZF4F 9ict.

Y 2 ARFE 2ad FEAES ARF 5AZE vi-
tamin C T=-Fo| 73} vitamin B} C B9-Fof Foll 4] £-2)
oA ks ATF 1A7Yel) vitamin E whE-FolF
A= F2 A9l A 715t oH(Table 1.
ZHE AR FECHAL SAA|

Fig 6ell4] H= vl Zo) 2H4F 2E A cytochrome P-
4500k shamT-o] S|P Fo} @7 142 & 5417kl 2
Z} 0.80+0.03, 0.76+0.03, 0.74+0.07 nmole/mg proteino]
der #H¥ g AR Azl ASF A 7kele

**=p<0.01 vs sham operated rats.
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Fig. 7. Effect of vitamin E and C on microsomal amino-
pyrine N-demethylase activity in ischemia/reperfusion of rat
liver, Values are means-+S.EM. for 7 rats per group. **=p<
0.01 vs sham-operated rats. +=p<0.05, ++=p<0.01 vs vehicle-
treated ischemic rats.

HEo] glgdevt, 54)7ke)) 0.33+0.08 nmole/mg proteinz
shaml W1h SleiglA sk ABF 5420 vie
tamin C ©HE-50] 73} vitamin B2} C ¥-8-Fof FollA] 2
Lol Zad A& #2405 F7ksknt. Fig 7o+
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M AF B7)7EL BAeot B B ADF =
TellA ABF 147 B SA el Zhzh 28.243.1, 10.7+2.1
pmole HCHO/mg protein/10 minZ. shamyof| v]3}e] 2]2]
oA #FAAasthct. oy 24 fPF 547k¢) vitamin C
D553 vitamin B9} CH-§-Fofgofl 23 284
Al F7hE e, ART 147 el vitamin E &S50
o4 esle izl wisl 7A4t9ict. Aniline p-hy-
droxylase B3 == 38 2@ AFF 2ol Ad5F 14
Zholl shamol] W] WlAAFA A BYF7HE e e
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Fig. 8. Effect of vitamin E and C on microsomal aniline p-
hydroxylase activity in ischemia/feperfusion of rat liver.
Values are means +S.E.M. for 7 rats per group. *=p<0.05, **
=p<0.01 vs sham-operated rats.

o Al = ${cH(Fig. 8).
o E

Y 2 ARFR AT 2AL B A 42
7 A (Braunwald S, 1985), &4 z
7]0)A] (Trauman %, 1988)%- <142 2]
A3 Eo|n] A&l Ay AL o}x ok 4 glovt oy
A s 2AALTE 23 AP Drhn oAl
, 1985; Fridovich 5, 1978).
Vitaming- %A 2} A A4S =4 3= glo]
£ g=EE 7o Mol viEwl é%/‘]‘ﬂ °1% HZ35)
4F7 |2 Agsled et el
Az ge] BaEAzAe] A4 o] W 551.'11 st
Vitamin E9] ¢ Al shabsiA g ggarse] gAeR
olgh stz A ] BAdE AAsled AL ¥ Il Holnd
ET2 vehdichs gcl(Ingold 5 1987; Di Mascio 5
1971). Lee¢}t Clemens(1992)l] £]3tH &€ @ AFF= =
A ik, A Agats) g sz A 2480 HES 2
g}z 3}v] olw vitamin B2 Folg FALabal x| Hat
ArE7E AR 7 G4 vAARE ] leHsst HAdes
: %%um o} o) ole] el % viamin E]
2=} &laltgbE 7yt #AElg) =] a-tocopherole] Foi=
Aﬂz]LH Mﬂoﬂ,q ATPZHFL/"’ =x1=} J,]_A].ﬁ};q;a_J An/zqo
A8k} 31 5} (Marubayashi 5, 1986), 715 A-2-3Fe] 2
2gusas A4A5 HEe S22 AFelA vi-
min E¢] 84 f=Aal troloxe] TFAH T2 ZbA
zabe DA Eoba Do T vitamin B A4
Molez Folzke] AHAE Fafaute] Aol fsde]
o] shatslaba-g viehdth(Wu 5, 1991).
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Vitamin C= A Z7re] A 2=l collagen A= me-
lanintAbel] Feidte] RE3p IshE, JEged, oA
4, B9 gl Br)9lE 92 vitamin C¥ A F32
ol 4] A7}A] & el (reduced ascorbic acid, ascorbate radical,
dehydroascorbic acid)2 ZA3}HA] Ak3} gHelnbg-2 o
719 vitamin Eeh= de] 844 4F AAs7| = da A
Az} & &ch(Takayama %, 1993; Holloway %, 1981;
Dillard 5, 1982; Wu £, 1991). = vitamin C¥ A E&44-S
Z~= hydroxyl radical, superoxide radical, hypochlorous
acid, carbon center radicalel] W&}ed AT B3 FAE
epiie}. v o)l 2] vitamin Ce Ao|vf Fe|3b
Aol &Asl|A]  AbaEAE FUAA  hydrogen
peroxide Z A 8}7) = 8} AL 2 vitamin CE 7 &
= A4 2ojal e A-2o= cytochrome P-450%F2] |5},
cholesterol o-hydroxylase 24 2] I3}, bile tumover rate2)
=2 B 4 o) e (Holloway %, 1981), A A|&] A3«
A} vitamin C 0.5 mmol/LE I-HNd) Hr}eledS A+ 3
B pEx AF-$EZ He $e9 Fe™g vitamin C7}
Fe*2 walA#A, o] Mslsl Fe*2 =} 2. hydrogen perox-
ideZ hydroxyl radical®]t} hydroxyl like radical 2. ¥%}A]
7 AArsbatg-g epdvla &9 o]l dk A4tstah g2 vi-
amin CS] o] FASE7IA) 73R AW
., 1991). o]} 7o) vitamin Cx AbEo]r} £-8ko]| w2} )
A e AakEkA R A= gk AAE 2 dF
Ao E A8k vitamin C= 743 #E 2 A{FA] oF
715 & 7PAeArS whA| sl 1-4-2k2] vitamin G 23]
27 g ekalAlZ)-e BowEhl glck(Kim, 1995).

]EJ = vitamin E g} c= 71—71— E'ie:]-al- ?ﬂ-/\]- _g:‘.)ﬂ—ﬁ_—— L]-E}
WXk Zhzh A & vitamin B2] A9 zhadise] x4,
vitamin C&f 73-9- :‘,:%M olo 2 A FLtol| EFhe B

g AR APE) DEY, = AT 8T 3
e Ao glom 2 T71x] vitamind #8510 2zt ‘:Jr’ﬁ
2 REANATE T30 FUIAE 44 4 Qoke
o Aakstod ofz] Adeld F FASAE Bgole] F A

Al fZzbgo] Tl =H Leung 5(1981)2 liposomal
systemol] ¢le14] vitamin E¢} C7} zb7} B o F 9031
rAatsl Z A5 Jeh B oz}, vitamin C7} vitamin E rad-
icald SA A ANYE HEH Fo] M2 FFH A
48 Veldyw 3k} &, vitamin B $ 2 A Aol &)
atv] Aol A= FAY4LTE AAA 7L, A2
o-phenoxyl radical e}l 7} 5 v], o] | A ol EAY3}= vi-
tamin Col] )3} }A] vitamin EZ A &% © ohi] gl4b
55 AAT & Y 5 2A o] 459 Z9E e}
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