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Effect of Dietary Soybean Protein on Cerebral Infarction Size and Antioxidant
Enzyme Activities in Rat Focal Brain Ischemia Model

Hee Joo Lee

Full-time Instructor, Department of Nursing, College of Health Science, Sangji University, Wonju, Korea

Purpose: The purpose of this study was to investigate the cerebral infarction size, antioxidant enzyme activities and lipid
peroxidation changes after 6 weeks of dietary soybean protein intake in a rat focal brain ischemia model. Method: Wean-
ing Sprague-Dawley rats were fed with either modified AIN-93G diet containing casein 20% (control}, 20% soybean pro-
tein isolate-based diet (520), or 40% of soybean protein isolate-based diet (840) for 6 weeks. The animals were subject
to right middie cerebral artery occlusion for 2 hr. After 24 hr of recirculation, the rats were sacrificed. Antioxidant enzymes
activities of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) and thiobarbituric acid reac-
five substance (TBARS) level in the right brain were also measured. Result: There were no significant differences in the
right cortical infarction volume, TBARS level, SOD and CAT activities among the three groups whereas the GPx activi
fies of the 520 group were significantly higher than those of the control group (p=.02). Conclusion: QOur resuits sug-
gest that 20% of soybean protein may have a modulating effect on GPx and possibly have some protective effect against
oxidative stress although it may enough to decrease cerebral infarction volume in rat focal brain ischemia model.

Key Words : Soybean protein; Cerebral infarction; TBARS (Thiobarbituric acid reactive substance); SOD {Superoxide dismutase);

GPx (Glutathione peroxidase)
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20 [ A7} FE8] Y= YoHChan, 2001 Choi~
Kwon et al., 2004), =38 F Ab4: &K reperfusion) Al
HHY Gl BReA) AbAE(Reactive Oxygen Species, ROS»E
THARSHE 2lt)ZH(superoxide anion, Oy), TARE} LA
(hydrogen peroxide, H:0), 447] o] &(hydroxyl radical,
OH) 522 +4=lo} 91 20}(Chan, 2001), ROSE AHlEahe]
A& #H:EEHlipid peroxidation) §H-& Fste] 23] &4
& 2#5}3(Davis & Goldberg, 1987), T#A-& A3Kpro—
tein peroxidation)AlZ # ofe}l - og DNA ¥
RNAY] A34Q 9 1A HEAE 7371 2L
2 98 HcHMacManus, Buchan, Hill, Rasquinha, &




Preston, 1993; Chan, 200D, @2}A] ROSE 4174k}
715 BolE Fiske 222 924 (Chan, 2001 =734 &
Ao} a3 g2lo g B nErhKinouchi et al., 1991),

ROSe|| 23t &2 &0 MAE Bosle gAist 48
+ superoxide dismutase (SOD), catalase (CAT), glu—
tathione peroxidase (GPx) 5°] $loH v|E4AE ROS
AA G8& sh= glutathione (GSH)©] 2UtHBorrello et al,
1984; Chan, 200D). H=2|2] 542 A t+& 22| =]}
Agzzlo] govt ROS A8 IAIEHES AAT 4 e
SOD, CAT, GPx 59 3t} B4 B4 =2t GSH &%o] 4
fHeR wn ibkh 2ugto)] gop w3 & AuF A wh
E ROS 37F5 Boln, Ak &40} 88 o)) ¢ Forsjct
(Chan, 2000).

@A ROSOI 23 4F3t2] $4H8 A7 RS o
3 W& gt AYEL glon He7l FEdE iR
At Fdol b gEo] Ja, F2 Ak 283w
574 59 AYH 4L Uepl, B ARS distAu g
HE AdA e At Qe Ao BuEltHSauvaget,
Nagano, Allen, & Kodama, 2003; Xu, Harris, Wang,
Murphy, & Hendrich, 1995). 1 3 ti5+= 2z} 114
T ARt gt e gt AZoR A2 A
T2 T At 53k @ HYY A8 F ARE 7ol B
EHA] i ) o Roll 23 Zlet B
3 #ilo] F= 2 ItkRimbach et al., 2003). tiF &
W FWAseL T EF-2 £0](Anthony, Clarckson,
& Williams, 1998), LDL Z¥| 26 29] 4184 A4 7= &
AsE a7t Qo] T HEFO] WS Sole AR
&2 A IchRiikka, Timo, Jani, Riitta, & Heikki, 2000).

EG o g A3 Al ZellA Cu/Zn~SOD B9t
GPx =S $7H7|e At 2371 Qe A0 R By
%2 (Song, Igawa, & Horri, 1996; Aoki, Otaka, Igarashi,
& Takenaka, 2002), 8% A2 48t S a7
(Madani, Prost, & Belleville, 2000), 212 74t} @4 )&%
7} == thiobarbituric acid reactive substance (TBARS)
£ R A2 BI3E SRS FaNFen 22 A A
EfLE WEE Aos BuEivkSekizaki, Yokosawa,
Chinen, Adachi, & Yamane, 1993), o] 2jo)|% ths T 4]
Fe HzAoA 218 7}id8}e] 2F 4HEQ! malondialdehyde
(MDAYE ¥32(Madani et al., 2000) =9} F43 38 &
Athe{conjugated diene) B8 A QA7 A28 B
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AchCastighioni et al., 2003). E3F Madani 520001
casein®} th Tl 3ol w2 ¥5 TBARS 5= W3}
£ vl 23t A, casein 10% (BEH), 20% =), 30% @)
+ iF SR 10%, 20%, 30%°] B18) TBARS &2jo] -2
SHA) wot Sld Foof Aglo] thild s wot Z4ade]
w2} TBARS %210 F71810, 233079 thF T2l 7]
A TpARSE A S FESHs 202 B vsleitiMadani et al,
2000). whebA ko] o ol H3E ROSSH ATt
B Ao ATk AW AlSHA Aol disted 2jd Fhatst
EZHE Y A HeA BE gE 7)giE 4= Qlnk

oj2igt thF thiE9] 7152 & wof F g o=
HzAolA ROSSH A1 THHEHE W3S Fof ghilst avt
7F & AL 7Y=L 220 s G T
OjX e Gl T3 A APE] njulet Aok uhEkA
Taglo] AlEolA o] AHEE o 9ed 20%9}
4077t HEE T HBF A, HEL 27I0 A s &
Aol njRle S AR Zart Sltk

»
4

=5
T 52&& 6527k Sprague—Dawley =3 F9] tiF
A A7 HSEAER F HEA 271, AERAdsE
2 Y Ak} 54 B o) njAlE FRke sk Aoltt,

FAH A7 BAL ohgT) Zek

D HE d 4371 HE 8RR & 2 dixEd
A A7)0 vjAls Gae e

2) o T A7t HSE /AR £ 95 gikEEe
A2 FAISE(TBARS) S0 wlAls €% A3
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2 dFolde Fol 2% ARE Alsld T
QF WS AWska Y] AW BN WASH
2 probeE AHYdh= £5 SR 4 S ojg3ieie
H(Focal cerebral ischemia model, Nagasawa & Kogure,
1989) o) o g & FHFWOR l= BRE N &
Sk 2psle BB ES Yov)e AL Sulsi),



Tl T B M3} B4 WSE/AR B HZA 2719 BASEA BT OiXi Y 3

2) MR

B HFolAE Nagasawa?l Kogure (1989)¢] S5
w4 shdol wet 7o) WAF el probe Aelst, £
FHFHOR Ji= ERE 247 B AT ¥, probes
A st 24A17F B2t ABFAR] 2L on|git,

3) M 37|

£ QT A= Nagasawat Kogure (1989)2] =5
3 wpef whel F19] 95 FiEW o] Ha & YUFE AH
3 P Mo} futEl HE YA HE FEL, AFA
7122 A 1 mm O)]FHE 2 mm FAZ A% AHSIY
t}, o} AHE 22+59] ZF AA(mm?) ¥ 7 slice T2 mm)
£ I3 $8mm)Y F &L YnEh(Korea Food &
Drug Administration, 1999),

A7 Wy

1. ¢t 47

B AtE 228 g2 A% AAE o183t ¢ HEd
F-oltt, Sprague-Dawley <=3 & iR+, S20 181,
S4079] 37} #2o2 Vol 657t ZF o =R 4lolE
AFA F =HS8/ARR F 4 29 W34 37), AE
THIBHE 54 9 ARt G40 B =E v It

2. HEhY 3 Uy
1) MESE Y Ao
(1) Mg=s

AFFELS AT 459 SpragueDawley A F(Dae-
han Experimental Animal Co., Eumseong—gun, Korea)
2 BHEZER Z gnecific Pathogen Free (SPF) AHE}E 90u}
2 ¥helste] dizdat S207 12|31 S40<tel| Zkzh 30t
¥, 1] caged F 3|4 TR gsiqint, Zh ol
FFEhe Alolg AT 657 ARSI, Alo] HHFS
2-3Y, A5 15900 & WY SAsIGIT 343 H3E
BEg o835 HIE fE = Al BFAE 290-320 gol
it Hold f 8 F diRTolA 29k, S202elAl 2
uta] 223 S40wollA 4ute] 5 F 8utelrt ABF 244170
ol A AMYEIH L, e T HRAS ERIG) 2 A}tz
ofjA] 6ute], S202lA 4ute], S40elA 9ute] 5 & 199t
glojlA k@ o] YR FUEIAY HE Frdo] FA| gol,

AA 270tel 5 A|elgt & 63ute]7t Aol it 63mt
2 5 =N 37] AL iz 10v1E, 520+ 10mtel. 19
31 S40+F TutE], TBARS 42 tiz+ 6vt, S20 70t
712131 S40% 5uteE, dAkE A B 23S R 67F
2, S207 7ake] 18] S407 5utelzh i =i

= 20£2T, HE= 50+£5%, 2HL
12A17F 24 2 2(7:00~19:00) B53 olF2-2 2T
193] 29, &% 55 2Hs9on ARG AE &
A& Alolahs ZE ARRE 4] AdEE HE 3U3Y
(Association for Assessment and Accreditation of Lab—
oratory Animal, AAALAC)IA AXEhe ZAIAQ 71E
Folo] o]RZojz) AMSAT HEA 87 BUEH, 3%
B Zej@olAlp), Had ¢E Yt &, B L A
2 A3 AT 71ES AR R FEErHLabo—
ratory for Experimental Animal Research, 2000).

(3) Aloj

olft7t B 4571 E 67 5% R casein A
20%, S20e- thF A 20% 181 S40+-2 i O
A 40%=5 AR 227 S207 R S4079] Aol
B T3] A& AIN 93G (American Institute
of Nutrition, Reeves, Nielsen, & Fahey, 1993)& ©]43t%1
om g AdE-2 Table 13+ Zt}, AIN-93G= 4337 1(Growth)
o] HEFE At 712 Alo]2 & AofA tixwt 4o
(control diet)= o83t th2e] Tla F¢%] casein
2 52077 840l A o Tl R A=A, S40e
£ 8202 visl E7HE 20%¢] T vl oAl S A
HollM 20%5 TaAHoH, B3 437 ARF o)A HE
o BE o 9sf tiF Dl Eox] A T e
& Arlste AlFstarhalo)e] ZH R ol=-9] Sigma
OF ICNof| A 4=Q)8ted A&, 1ajat BE Alo]i= A3}
T A Ee HEE 3 T AFEen, 85 auto—
claved = purified AEHE 2o} AHHES 311,
Alo] FHE HUFHE AFEHIeRR Ao] &4S T

o) 52 olgstgict,



Nagasawa®} Kogure (198991 23t 9% Su 50 w4 ¥
O 24 W38 B(Focal cerebral ischemia model, Naga—
sawa & Kogure, 1989)< o185l 3|82 usigict. 30
% 02k T0% N0 enflurane (15%& 3713t E37IAE
olg3to] T ulFHE AlX ¥, Bo] A5AL ulgt ARE A
73t $-Z %735 (common carotid artery, CCA), 7
S (internal carotid artery, ICA), 975 WM(external
carotid artery, ECAy& #2|5l3ith. 373583 135S
st o] FF el £x-oA Y& o2 uAstA EA)
E3F, WAETY UHE 1.7 cm®] probeS 4Ql3te} £ =
HEWOE 7H= ERE AU & 2/ E ST
Mol A probeS A|ABtH 24A17F ABFAIZ T BPAIA
ZA HE A28 HoE Bd g fske 5ot Haw)

=g olgslel A AL 37050 FAsHAch

3. X2 3 X I
) 25 ti-IE 3N 37| 25

Nagasawa®} Kogure (1989)°f] &J5t -2 F=|m w4
ol w2t HEES X% HE SAAA 17 Yo HE
Z&315lth. Brain slicerl] &3 H& 28y, AFEL
71822 AF 1 mm A 27F Ao o] 83514 3, 1
e e 2 mm FAR A& 02 dHsle F 124S v
£ & 2% 2,3,5-Triphenyltetrazolium chloride (TTC) &
Hojlrf A2of 6057t ©7HA B THBederson et al,
1986). 2% TTC H4 & 10% phosphate—buffered forma—
lin -§Hol| LHAIZ] & 24A17F Well ZF Aol 2 A4S
CCD video camera® #gsto, G4 £4] A=) (image ana—
lyzer Ver, 2.0)2 °-8-3l 7 A2] WaZ £33t

2) XIEaMStE(thiobarbituric acid reactive substances,

TBARS) & &3

MDAE AAIESE A7) 84 Fof| 7MY @& alde-
hydeZ TBA®} #3314 2348 W BPE = TBARSE
SAsth &5 diHude FAsMed B B EA
0.1-0.2 mg/ml®| Th¥E& TRFE AR TCA-TBA-HCI
(15%, w/v, trichloroacetic acid: 0,375%, w/v, thiobarbi—
turic acid: 0.25N hydrochloric aicd/& Y2 & B= %
oA 1087F 7HEstgIT), 7HE & A0 2 4od 12000
rpm o2 1087+ 94 BEAIZl & A5 Bejato] 535 nm
o)A} spectrophotometerZ SFE=E =33t cHBuege &

olslx

Aust, 1978).

3) ShMst EA BMT 5
(1) A2 28 ¢ ® Az
AAFNA HE AE3t] AEez @ ,
2S wlojujo] XA SR BRISH$ H7lo] 89l
w2AE 7H-§ 4§} Hlo] F
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293to] 45 e AU At 22 @
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A7l & B3 mj7kx] —700o) Baksh

(2) st g4 gME =X
®SOD BA=E

e wdg 22 Hast
SHE 1,000xg, 4TolA 1087 P4 Bejsto] A= &
A3} ngZCeols Rt A2 Ei5e 353
304 0,05 M NaHCO,~Na,COs buffer (pH 10,2, 10™M
EDTA ¥ 2.9 ml& 3 ml cuvetoll 21, 0,0IN HClol| =
2l 10°M DL-epinephrine 0.1 ml& ¥ & 480 nmo]
A B B Zol7h0.025 o] HEE AHE W &
Buffer thA] 93] 3]418F Al= 2.9 mio] 0.1 mi®] epinep—
hrine& 92 3 387 TS 24310 159 g2 H8igd

tHMisura & Pridovich, 1972).

o

(e
Iy
)
i
=)
i
itjo
&
i)
o5

@ CAT A=

CAT Ed%= =5 dix] 93-S FAsIR 892 1,000xg,
47CoA 1087 dalEgste] AZd gd1) njgE o}
£ Bttt 7552 AlZE 84S phosphate buffer
(50 mM, pH 7.02 2 mI7} E)A 8433t ok 30 mM H,0,
1 mlE 2713t 3 89 vortex® mix3t the 3027t spec—
trophotometerg ©]4-5t0] 240 nmollA] L= = 24519
ThAebi, 1984).

@GPx 8=

GPx B4 %= 5 tixju)ae] #2de] 1000xg, 4ol
A 1087 94 E23t A2 g3} n| B2 T ejols Ha
T 12,500 g, 4°ColiAl 3087 G4l Helate] 32l Al
27 LMA| cumene hydroperoxideZ 7|3 E AR5}
2431t Reudeed form of glutathione (GSH)= GPxll
2J3} oxidised form of gluatathione (GSSG)E Aree|=d],



Fol tifF THE MFD 34 HSE/ER F HEM 3|9 glistea

o] A o] thA] Glutathione Reductase (GR)2} NADPHe &J3i]
GSHE 3= ©j, NADPH7| NADP+E AlSHel= A=5 340
nmOl|A} spectrophotometer® 7315 HTappel, 1978).

@ 2l A
FA8E B 2L, A g protein)@HE Al
Asles ol ks 819l

el el 5-100 pg/ml HE2 AT AR 1 ml
9] solution A (0.5%, w/v, CuSO,6H,O: 1%, w/v, sodium
citrate)®} 50 ml9) solution B 9%, w/v, Na,COs: 0.4%,
w/v, NaOH)E FA] 42 84 2.5 mlE 7131, & 412 3
A& 5-1087 HA% &, /T2 11 34T Folin-

Table 1. Experimental diet composition

Grams/kg

Ingredient

Control* S20 S40
Casein 200 - -
Soy protein - 200 400
Corn starch 627 627 427
Celiulose 50 50 50
Soybean oil 70 70 70
Vit. mix! 10 10 10
Sait mix* 40 40 40
DL-methionine 3 3 3

$20: 20% soy protein diet, S40: 40% soy protein diet.

*: Modified AIN 93G purified rodent diet; ": Nutritional biochemicals, ICN
Life Science Group, Clevetand, Ohio. Vitamin mixture is composed of;
Vit. A Acetate (500,000 IU/g) 1.8 g, Vit. D= (850,000 IU/g) 0.125 g, DL-
a-Tocopherol {250 1U/g) 22.0 g, Ascorbic acid 45.0 g, Inositol 5.9 g,
Choline chloride 75.0 g, Menadione 2.25 g, p-Aminobenzoic acid 5.0 g,
Niacin 4.25 g, Riboflavin 1.0 g, Pyridoxine hydrochloride 1.0 g, Calcium
pantothenate 3.0 g, Biotin 0.02 g, Folic acid 0.09 g, Vit. B 0.00135 g
and Dextrose to 1 kg; *: Composition of salt mixture, g/kg mixture; cal-
cium phosphate dibasic 500 g, sodium chloride 74 g, Potassium sulfate
52 g, Potassium citrate monohydrate 220 g, Magnesium oxide 24 g, Man-
ganase carbonate (43-48% Mn), 3.5 g, Ferric citrate (16-17% Fe) 6.0 g,
Zinc carbonate 1.6 g, Cupric carbonate (53-55% Cu) 0.3 g, Potassium
iodate 0.01 g, Chromium potassium sulfate 0.55 g, Sodiumselenite 0.11
¢, Sucrose, finely powdered 118.0 g.

Y=o 0lXl= BT 5

Ciocalteu phenol reagent 0.25 mlE 7}3to] & 41%ich
20-30% 3] 750 nmY|A] spectrophotometer® S F=E
ZAsH=t, A8% gHEU(bovine serum albumin)g F
Yo7 ARgsto] Tl S A4tstAtHLowry,
Rosebrough, Farr, & Randall, 1951),

4. X2 8 g

7} A= SPSS WIN 11.0 B4 program 0|85} £
Atk ZH 29 AlF, =AM 27), A-IAEHE £4 9
WAL 54 ST Hd #EEAE et H3A
27| AA IS EA A kst G4 YT A 25
H| = ANOVAE #4033 Al% H7-2 Duncan's multi—
ple range testE °-§5to] E45H3t). =& $A44 ol
T2 p<0.059014) H&Hz}HT.

o7 2

1. XSHER} Ao] MHE
Z+ & 7He] TR FEE $138) 453 9] Sprague—Dawley
A HE R, S20 17|31 S40f 2442 FA912 uf

& h2FE 100.5+10.0 g, S207-2
85g zm S407-2100,4+8.3 go 2 thzat A
= Zhll frofgt o7} HA o (F=782, p=.461), 657
Alo] ¥ 3 A|FL RS 314.6+11.9 g, S2052
299.5+13.5 g 121l S40+-2 305.1+10.3 g & S20<3
S40wto] thzwtol Bl AiFo] FJaHAl AThF=12.072,
p= 000). 3 & d-2] A7|7H e AEF Y Aol 4H
0. Table 204 H ulel Zro] 3t njalyd 632 Z9F B
dl?— Aeko] 272 149404 g, S2072 145406 g
71831 S407-2 15.010.5 g0 2 thRET AEE 7 -9
3k 2}o)7} QATHF=2.444, p=.106) (Table 2).

Table 2. Body weight & daily diet intake in the control, S20 and S40 groups

. Control (n=30) S20 (n=30) S40 (n=30)
Homogenety (m=SD) (m+SD) (m+SD) F P
Body weight At the beginning of the experiments (g) 100.5%+10.0 979185 100.4£8.3 .782 461
At the time of occlusion (g) 31461119 299.5+ 135" 305.1+10.3' 12.072 000
Diet intake Average daily diet intake for 6 weeks (g) 149104 145+0.6 15.0+05 2444 106

Data are mean = standard deviation. S20: 20% soy protein diet; S40: 40% soy protein diet.
* Significant between S20 & Contral; ": Significant between S40 & Control; ; p<.05.



Table 3. Right cortical infarction volume in the control, S20 and
S40 groups

EES

Table 5. SOD, CAT and GPx activity of right cerebral cortex in the
Control, 520 and S40 groups

Infarction volume (mm?)

Group (m=SD) F o
Control (n=10) 196.71+102.8 681 516
20 (n=10) 257.0+971

$40 (n=7) 237.3+158.3

Data are mean = standard deviation.
S20: 20% soy protein diet; S40: 40% soy protein diet.

Table 4. TBARS levels of right cerebral cortex in the control, S20
and S40 groups

TBARS (nmol/mg protein)

Group (m=SD) F p
Control (n=6) 0.194+£0.04 2.966 082
S20(n=7) 0.16+0.02

540 (n=5) 0.21£0.04

Data are mean =+ standard deviation.
TBARS: thiobarbituric acid reactive substances; S20: 20% soy protein diet;
S40: 40% soy protein diet.

2. &3M 37|

I E/AAF T 5 d=ua] KM 7] d2dt
2 196.7102.8 mm®, S207-& 257.0£97.1 mm* 183l
SA0F-L 237.3+158 3 mm* O & 2T AIFF 7holl |-
3} xjo)7} QIQcHF=681, p=.516) (Table 3).

3. XFzElE =X

=5 8/AR 25 tEw 2] sk £242 o
Z7-2 0.19+0.04 nmol/mg protein, S207-2 0.16+0.02
nmol/mg protein 712]1 S407-& 0.21+0.04 nmol/mg >
2 iz A7 bl 5998 Zol7t YATHF=2.966, p=
.082) (Table 4).

4,

ook

LMSIEA ST

& /AT $ 95 =12 SOD B ee et
£ 29.89+7.26 unit/mg protein, S20w-2 37,89+11.13
unit/mg protein 12|31 S407-2 29.30+13.05 unit/mg
protein 2 27t AT 7 Fafgt Zol7t giglem
(F=1.304, p=.300), CAT 4=+t 2 3.75£0.63
unit/mg protein, S207+ 3.44+0.95 unit/mg protein 1
23 S407-2 3.86+0.93 unit/mg protein®2 TR}
AT 7ol §5 Aoj7t $IThF=.383, p=.688). THH,
/AR T = tiEl9de GPx B Es H2TE

SOD activity CAT activity GPx activity

Group (unitimg protein) (unit/mg protein) (unit/mg protein)

(m+SD) (m+SD) (m=SD)
Control (n=6, 6,6) 29.891+7.26 3.751£0.63 0.028+0.006
820 (n=7,6,7) 37891113 3441095 0.040£0.005"
340 (n=5, 5, 5) 29301305 3.86+093 0.035+0.009
F 1.304 383 5.146
p 300 688 020'

Data are mean = standard deviation.

SOD: superoxide dismutase; CAT: catalase; GPx: glutathione peroxidase;
$20: 20% soy protein diet; S40: 40% soy protein diet.

* Significant between $20 & control; ': p<.05.

0.02840.006 unit/mg protein, S20w-2 0.040+0.005
unit/mg protein 28] S40%-2 0.035+0.009 unit/mg
protein®| 3t} 2079 GPx A E+ o] Hls| 72
M 2 208 LR THEF=5,146, p=.020) (Table 5).

= 2
£ A7E 657 2T, 5207 € S4020) Z4H2ef Alo]
& 33t 24 29 K /AR & 95 tiuiE e =73
A 37), A deke 52 223 s a4 B 5
£ Z27sto] thF S Aojrt M8 /AT § A
o)A AE FEskct 1 2HE B2 ot 2ol =
ofata} g, |

HIE/AuR F 25 di=Hu2e] HZA e gz
o AT 28 52057} S0 7hell 413t Aol It
o o S A3 A A 27) g4 aspel ] o) At
3} B4 A= uX= Ao tisf Hard uh glo] A
Aeke] ZHAR) vzt of2 gL, o SR At 2
o4l Cu/Zn—-SOD B4 =2} 41812 &4fof & o GPx &
H=E Z7H17]9(Aoki et al., 2002; Song et al., 1996),
LDL E2HE2 ABHE A4 €5 TBARS 548 4
271 kst 837} Qlol(Riikka et al., 2000) 318/
A5 F =G4 2718 A 5 A AR LS
.- 22 GPx B4=7F 371 o) H73A 3717 Had
A8 A7L(Choi-Kwon et al., 20042} HHh2 2 AFofA]

T e AR & BN 277 gaEA) g2 olge
GPx BAEE S7HI7171e stAIR =784 2718 A4
Akt o] ohd o= AZHET B SODY CAT &
drole G PIAAl @37 fEd Aoz AAE 5 9l



Tl tiF T 3P 34 HSE/RE £ HEM 379 eMEieA BHE0) DiXls S 7

o} 3HH d= U2 CAT 8HEE GPx J89 Fa4ol %
ZEfed)], AR P4k B4 BHES} Tl SFol 2o|
7t QL.BE olof thaf ¥ 22 W IS 540 thild =5
3} apoptosis AEHE Y A= A B A A%
& ERIgk= 37 A7 2o g Ao AzbE
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