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Effects of Green Tea Powder or Antioxidant Vitamin Supplementation on Lipid Peroxidation
and Antioxidant Enzyme Activities in 9 Month- and 12 Month-old Rat Brain Regions*

Choe, Jee Hyung - Chang, Namsoo®
Department of Food and Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate the effects of green tea or antioxidant vitamins on lipid peroxidation and antioxidant
enzyme system in various regions of rat brain aged 9 and 12 months. Male Sprague-Dawley rats were raised on the experimental
diets: 3% green tea powder diet, antioxidant vitamins diet containing the B-carotene, vitamin C, vitamin E in the level same as in
the 3% green tea powder diet, and control diet for 3 weeks. We measured concentrations of malondialdehyde (MDA) and the
activities of superoxide dismutase (SOD), catalase, and glutathione peroxide (GSH-Px) in various brain regions such as cortex,
cerebellum, striatum, and hippocampus. Green tea powder or antioxidant vitamin supplementation decreased MDA concentrations
in the striatum and the hippocampus, and increased SOD activities in the striatum, and GSH-Px activities in the cortex. There was
no significant difference in the observed antioxidative effects between the green tea powder and antioxidant vitamin
supplementation. A significant difference between 9 month- and 12 month-old rats was found in MDA concentrations and GSH-Px
activities in all brain regions. These results suggest that green tea powder can have protective effects on various regions of rat brain
and that these effects on lipid peroxidation and antioxidant enzymes are different by age. In inhibiting lipid peroxidation, there was
no difference between green tea powder and antioxidant vitamins. (Korean J Nutrition 35(4): 431~438, 2002)
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Komatsu 58 %28} polyphenol A #¢! B-catechin
(1 ml/kg body weight) FEH4L & FA 3 & F<
Folgk An M%2A (striatum) W SOD &4 0] Z713H%
I 4 (cerebellum) el MDA &2 Z4Hcta B
a3tk 7o A7) et 1% H3 AR FFo] Az
o] MDA &#& re3ez 4aA7)a, st (hip-
pocampus) W GSH-Px @438 Z7M7= Aos YEt
W, Ha AR FE0] ¥ 54 239 A AskE 1Al
1 3As 24 A& STMITIE AR YEh. 53t
& polyphenol ¥%F o}ly2} B-carotene, vitamin C.
vitamin E¢} & @4tsh vellE o dHpElof glom
2 olg]gt i3l HIEIER F4te] gtdls 531 F v
7led Roz AZrEA} Ascorbic acidd) BE¢] €3 L
2 4314 2EY 25 23 guinea pigell UIAE dHtkE
%<  Suresh®”& ascorbic acid7} 2> ¢] MDA 3
< $I ST FAg Fo b3 fojFoz FaA7|a,
SOD¢} catalase 848 7RIt B ustsdt). o2&
ATEL I3 HERIEo] ¥ 229 QA e E W

2 o Saht At vEkne AA) W) 3
Eao] Hade 484 £42 g2 F
o 2 5 vk & QYA E 237 Sl
]EhR Pst A0S Ve
Pohu 3, o) usksol Aol wel YA EAE Uol

SYg BN AR 9iEHE T 12719
% Sprague-Dawley® 7 & FHHAh Aol 527.1 £
11.5 g (71€™H. n=21), 574.9 + 10.6g (127§€=, n
=15) 2 AEE FAT (green tea)d} 43l vlelF
(antioxidant vitamins), =T (control) & 5o 35
ZF AR Al AHEE Aoje] FHAEL Ameri-
can Institute of Nutrition (AIN-93M)"& Fu2 3}
AzFNeH Al A2E AEHY AU Euslsl
Ao] FAY 3%FELE HrFetdt. Aol AHE-E 2A]0)
T/448%-2 Table 1 AAIEATE &3} vletRl Aoj&
3% =2 AR 2olo] ¥ B-carotene, HIEIT C, ¥]E}
9 EE dxa 2o)d AUt Az, H2; AEe] &

Table 1. Composition of experimental diets 8/ kg died
Experimental groups” Control  Green tea An?ioxifiant
Ingredients vitamins
Comn Starch 620.7 59C.7 620.7
Sugar 100.0 10C.0 100.0
Casein 140.0 140.0 140.0
Soybean oil 40.0 40.0 40.0
Salt mixture” 35.0 35.0 35.0
Vitamin mixture” 10.0 10.0 10.0
Choline chloride 2.5 2.5 2.5
DL-Methionine 1.8 1.8 1.8
tert-Butylhydroquinone, mg 8.0 8.0 8.0
Cellulose 35.0 35.0 35.0
Green tea powder 0.0 30.0 0.0
Antioxidant vitamins
B-carotene, mg 0.0 0.0 3.0
Vitamin C, mg 0.0 0.0 30.0
Vitamin E, mg 0.0 0.0 3.0

1) Control group, Green tea group (30 g green tea powderkg diet),
Antioxidant vitamins group (3 mg B-carotene, 30 mg Vitamin C,
3 mg Vitamin Ekg diet)

2) AIN-93M' salt mixture (ghkg mixture): Calcium carbonate anhy-
drous 357, Potassium phosphate monobasic 250, Potassium ci-
trate, tripotassium monohydrate 28, Sodium chloride 74, Potas-
sium sulfate 46.6, Magnesium oxide 24, Ferric citrate 6.06, Zinc
carbonate 1.65, Sodium meta-silicate - 9H,0O 1.45, Manganous
carbonate 0.63, Cupric carbonate 0.3, Chromium potassium sul-
fate - 12H,0 0.275, Boric acid 81.5 mg, Sodium fluoride 63.5 mg,
Nickel carbonate 31.8 mg, Lithium chloride 17.4 mg, Sodium
selenate anhydrous 10.25 mg, Potassium iodate 10 mg, Am-
monium paramolybdate - 4H,O 7.95 mg, Ammonium vanadate
6.6 mg, finely powdered sucrose 209.806.

3) AIN-93M"” vitamin mixture (mgkg mixture): Nicotinic acid 3000,
Calcium Pantothenate 1600, Pyridoxine HCl 700, Thiamine HCI
600, Riboflavin 600, Folic acid 200, D-Biotin 20, Vitamin B,
(Cyanocobalamine) (0.1% in mannitol) 2.5, Vitamin E (all-rac-o-
tocopheryl acetate) (500 IU/ g) 15, Vitamin A (all-trans-retinyl
palmitate) (500,000 1U/g) 0.8, Vitamin D, (cholecalciferol) (400,
000 1U/g) 0.25, Vitamin K, (phylloquinone) 0.075, finely powd-
ered sucrose 974.655.

Ak} HlEl ke 52 %A Y oj%m T ® Hands,”
A7 BN Hate] datsl el e BAY ARE E
2 3l HAF A 1g B Bcarotene (Wako Pure Chem-
ical Industries, Ltd)+ 100 pg. ¥]E}%! C (L-ascorbate,
Showa Chemical Co., Ltd)& 1 mg, H|E}W! E (a-to-
copherol acetate, Sigma Chemical Co.)% 100 pg7} 3t
FE AT ALtsi e

A FEL & ola)y stainless steel cagedllAl A58}
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1) Malondialdehyde (MDA) &7

Malondialdehyde (MDA) 3#-& Rehncrona et al®
WS Hyst ST 79 HZEAE 10 volume
9] 27+ 0.1 M sodium phosphate bufferol] #2314
7l %o 50 mM FeSO., 0.5 mM butylated hydroxy-
toluene (BHT), 50 mM ascorbic acidg ¥ 37ColA
30%27} incubation3+ ¥, 20% trichloroacetic acid (TCA)
01 mE #H71sked 13,000 x gollA 587 L4 B3kt
I A&l 0.67% thiobarbituric acid (TBA) reagent
A7k 10870 89 e 224 WAEAT7t spec-
trophotometer® 532 nmolA] H] A A st}

2) gL oA 2 BY

a4 g4 AL 9T F4A9E 74 H Y 22E 10
volume?] 0.25 M ice cold sucrose &4dl #&3} A7)
< 12,000 X g, 4Tl 3087 9AHEE T F2d8 &
2o FHstey B4 AR - 70T Basttt

Superoxide dismutase #42 Pattichis et al'®2] ¥
HE ARt EA 3. E49Y9 65 mM potassium
phosphate buffer (pH 7.8), 15 mM xanthine, 10 mM
hydroxylammonium chloride, xanthine oxidaseE #
7Vated 25Tl A 20827} incubationd ¥ 0.03 mM sul-
fanilic acid, 0.1 mM naphthylamineZ #7134 530
nmelA 30& 0= 1802714 St &g Atet
[t

Catalase &4 Johansson and Burg™# Hossain
et al”e] WS AMEEle] FAEITE Z4ol 250 mM
KH,PONaOH buffer (pH 7.0), methanol, 0.27% hy-
drogen peroxide (H,0)& Y1 20TANAM 2087} incu-
bation3l¥th. ¥kS-oo] 7.8 M potassium hydroxide
(KOH)Z 7}8ta 34.2 mM purpaldS 718l oA 20T
oAlA 1027} incubation 3F3L potassium periodate (KIO.)
g 71ekdT), EAES 10,000 X gollA] 1087 94 £
3lo] FEAE F3ke] 550 nmol| A} ¥l A 3T

Glutathione peroxidase®] &4 Prohaska and Ganth-
erd] WS MRSl AT E499) 0.1 M po-
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tassium phosphate buffer (pH 7.0)-3 mM EDTA, 1
mM glutathione, glutathione reductase, 1 mM so-
dium azide (NaNy), 0.11 mM NADPHE #7}s} 25C
oA 583t incubationd ¥ 100 pM H,O0.& 738t
340 nmollA 30% FFHo 2 30027 FREE S8l
GSH-Px® &4& AXtstAt.

2E 5299 9l FEE Lowry W7 e2 543
At

4. BHEN

H AT e Avs AYT 3 Fod RELLAE ALt
s, dErtez el a=0.05 A4 P&
A4 (one way analysis of variance, ANOVA)¥}
Duncan’s multiple range test® AAJslgn =T 7+
o] U] E 9J3}o] Student’s t-testE AAEATH BE B
&)= SAS (SAS Institute Inc.. Version 8.01. USA)E
AHE3HAT

L L

AY 59 dY Hi Ao A%, A¥riEde) A
FTE7MET e Be Y)Y FHE BT Hold w2
A zbol7} gATE F-H =229 i, A, Hx
A, dute] FF JA] ZE AT o FAHA Ao)E B
o]7] &ttt (Data not shown.).

1. Alojof ME RN L XA MDA el ¥ot 2
4y
7 A7) B9 Hx3 MDA §%2 Table 29 A
A&kt
9} 4 We] MDA §Hake Ao)df ojgh g3k v
goyt Azt diute] MDAT S Fabra) itst
HIERRIT AloloflE= fro & AbolE vehtA] Fgtct. 1
W 3ats HElS Foid A9 REE FHo MxA9
127045 F 9 siut Ul MDA o] gigol vl3) §<94
o2 A Jept) (striatum: 126.39 vs 179.52 nmol/g
tissue, hippocampus: 185.36 vs 295.72 nmol/g tissue).
3 508 =3} 2&E 37| ischemia/reperfusion® A4}
7 £4& 713k Mongolian gerbils®] A3 (whole brain)
MDA &%& w3tz Rusidch £8 79 A7%9)
Me 1% S2; A% o] Fdo| INd# F o Az} 3
o} ) MDA #3& o902 ¥e Ao veht 54
= ¥e) AW P4 dAlsa, 53 A2 3
vtlA a1 g7 Qe Ao Busteict. HE E (400
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Table 2. Effects of green tea powder diet or antioxidant vitamin supplementation diet on [ipid peroxidation in various regions of brain from 9

month old and 12 month rats

MDA concentrations (nmol/g tissue)

Brain regions Group P-value®
9 month 12 month
Cortex Control 205.04 +15.30" 297.71 £17.97" 0.0055**
Green tea 189.25 +20.73 266.77 + 16.81 0.0287*
Antioxidant vitamins 200.26 +18.93 262.45 +16.58 0.0484*
Cerebellum Control 252.78 £17.20™ 353.71 +£17.44"° 0.0027**
Green tea 253.19 +13.46 34553 +15.27 0.0019**
Antioxidant vitamins 238.62 +17.03 345.67 + 16.84 0.0021**
Striatum Control 179.52 + 17.30* 265.91 + 33.35™ 0.0350*
Green tea 152.80 + 15.25® 213.90 +£32.18 0.0969
Antioxidant vitamins 126.39 £ 12.61° 190.81 £ 11.67 0.0080**
Hippocampus Control 161.04 + 7.49™ 295.72 +28.93° 0.0360*
Green tea 146.42 +10.43 225.69 +23.62° 0.0066**
Antioxidant vitamins 131.41 £17.01 185.36 + 5.58° 0.0309*

1) Mean + Standard error

2) Not significant at p < 0.05

3) Values with different alphabet within the column are significantly different at p < 0.05 by Duncan's multiple range test.

4) Significance between two groups (9 month and 12 month) was test by Student's t-test at p = 0.05. {*p < 0.05, #+p < 0.01)

Table 3. Effects of green tea powder diet or antioxidant vitamin supplementation diet on activities of SOD in various regions of brain from 9

month old and 12 month old rats

SOD (units/mg protein)

Brain regions Grou P-value®
8 P 9 month 12 month

Cortex Control 11.07 + 1.89™%? 11.48 + 1.99™ 0.8883
Green tea 1469 + 1.79 12.38 + 1.08 0.3649

Antioxidant vitamins 13.99 + 0.96 13.24+ 1.80 0.7164
Cerebellum Control 21.82 + 236" 13.74 + 1.55" 0.0207*
Green tea 17.33 + 1.71 13.30+ 0.73 0.0689

Antioxidant vitamins 19.01 £ 2.81 13.02+ 2.65 0.1376

Striatum Control 11.00 + 1.30™ 11.42 + 0.89° 0.7882
Green tea 16.59 + 2.94 17.01 + 0.80° 0.8558

Antioxidant vitamins 1372+ 1.02 16.17 + 1.74° 0.0898

Hippocampus Control 12,51 + 1,58 14.38 + 1.94" 0.4766
Green tea 16.51 + 1.42% 17.34 £ 1.27 0.9182

Antioxidant vitamins 17.06 + 1.02° 15.75+ 1.16 0.2123

1) Mean + Standard error
2) Not significant at p < 0.05

3) Values with different alphabet within the column are significantly different at p < 0.05 by Duncan's multiple range test.
4) Significance between two groups (9 month and 12 month) was test by Student's t-test at p = 0.05. (* p < 0.05, #* p < 0.01)

IU/kg body weight/day)$} B-carotene (6.68 mg/kg
body weight/day)®l lipopolysaccharide® 4t8}3 ~E
A28 Fdg 2] htshed v 238 #AF
Abel 57L& olgjg Fats} nlelql BZFo] 3 F Ao
SOD &4 F7Mle oA 9%e X" R
MDA#ERS ZHaAZOn Buslgdth B dfaAes A
FAFe= 22 MDA "X HAke] &3t o3 o
2 YA E ggkoy 2kl MDA o] dizl
Hlg] 32 FAge Byt

A7l F9d Hzx329] SOD &/d-2 Table 33 o]
MzA 9L snk oA Aolof 93t J&g v Ao 1}
bl 1270198 A 537 (17.01 units/mg protein)
%} &zt Hlebdl T (16.17 units/mg protein)o] ZET
(11.42 units/mg protein)°ll ¥]&] A2 W SOD &4o]
freldoz Eokt} =3 e A A viElE (17.06
units/mg protein) 2] &iv} Wl SOD &) dl=7 (12.51
units/mg protein)dl H]3} feJHo= Eow AT
(16.51 units/mg protein)3} 34tst vlERITE Alolo=
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frolAel zojrt ATE Yoneda $4& Iake B-ca-  A7lE Aoz Uehdd WA B2 AEs 2 datks)
teching ¢ & F 9] Hof iron Fo= 4184 28 EZ9 FFE 5 SOD 4§ FT7/MIIE ALz 47
25 FEWS 9 ipsilateral di=jejA] SOD 4] 57+ €.

3l AL #BEElETh Komatsu 572 B-catechino] = Catalase @4 Table 4049} go] RE Hadn) Be
BH 9o HoAq SOD &4l v g3ke Bzl & % ¥ H2AdA] Holof wE F2)HQ Fel7} gLt £ 4
ot beta-catechin €9& & FHolA AF Foaieh. 2 o AYPA7EY 79 7PN B H2H A ca-
% tid ferric chloride €9& FAHE W, B-cate- talase A& AL =3} AR 7 o) JFe Ox &
chin 979 AzA)9} 3 (mid brain)¢] SOD &40l £ Ao=2 vepgrtt Sate] g 482 olAAT Roy
7T D Basty. B Aol =at AR FFE Do A AEY A ZALE Z2ATE g
127198 g9 AEAW SOD BAE F93o=z F71  EAY chlorpromazined o8 1271498 F oA 44

o ol

Table 4. Effects of green tea powder diet or antioxidant vitamin supplementation diet on activities of catalase in various regions of brain
from 9 month old and 12 month old rats

Catalase (units/mg protein)

. . 3)

Brain regions Group 9 month 12 month P-value
Cortex Control 0.18 £ 0.01"™? 0.26 + 0.03" 0.0729
Green tea 0.22 £+ 0.02 0.20 + 0.03 0.5866

Antioxidant vitamins 0.17 £ 0.03 0.23 £ 0.03 0.2442

Cerebellum Control 0.46 + 0.06™ 0.42 + 0.05™ 0.7516
Green tea 0.65 + 0.10 0.35 + 0.05 0.0880

Antioxidant vitamins 0.64 + 0.13 0.46 + 0.08 0.3669

Striatum Control 0.24 & 0.02" 0.22 + 0.02" 0.4729
Green tea 0.33+ 0.04 0.27 £ 0.06 0.4202

Antioxidant vitamins 0.23 £ 0.05 0.23 + 0.04 0.8980

Hippocampus Control 0.26 + 0.06™ 0.24 + 0.02" 0.7026
Green tea 0.31 £ 0.05 0.29 + 0.04 0.7654

Antioxidant vitamins 0.33 + 0.04 0.25 £ 0.03 0.1286

1) Mean =+ Standard error
2) Not significant at p < 0.05
3) Significance between two groups (9 month and 12 month) was test by Student's t-test at p = 0.05 (*p < 0.05, #*p < 0.01).

Table 5. Effects of green tea powder diet or antioxidant vitamin supplementation diet on activities of GSH-px in various regions of brain
from 9 month old and 12 month old rats

GSH-Px (107 X units/mg protein)

Brain regions Group pPam— P— P-value®
Cortex Control 339+ 0.35"™? 3.63 + 0.42™ 0.6754
Green tea 6.81 + 0.89° 4.20 + 0.61 0.0830
Antioxidant vitamins 6.41 & 0.59° 4.75 + 091 0.1382
Cerebellum Control 8.50 + 0.12™ 476 + 0.64" 0.0434*
Green tea 10.89+ 0.73 6.15 + 0.57 0.0017**
Antioxidant vitamins 931140 5.62 £ 0.11 0.1068
Striatum Control 6.07 + 1.01™ 3.91 + 0.50° 0.1316
Green tea 874+ 1.22 6.72 + 0.74° 0.2313
Antioxidant vitamins 9.24 + 1.53 429+ 0.46° 0.0223*
Hippocampus Control 3.04 + 0.66° 5.21 + 0.48™ 0.0382*
Green tea 5.90 + 1.30® 6.54 + 0.74 0.7085
Antioxidant vitamins 6.24 + 0.48° 5.43+ 0.40 0.2527

1) Mean =+ Standard error

2) Values with different alphabet within the column are significantly different at p < 0.05 by Duncan's multiple range test.

3) Not significant at p < 0.05

4) Significance between two groups (9 month and 12 month) was test by Student's t-test at p = 0.05 (*xp < 0.05, **p < 0.01)
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9} 7t (brain stem)] SOD$} GSH-Px2] &4do] 57}
=3l catalase A& o} F-H W3V} Qe AL B
t}. o]2 £ ), catalase E4E HIA A ) ggat
3} HERR Fo] At B4 FF0E Qs 4 A &
A ge Aoz Alsdr)

Z} A¥Te] GSH-Px 842 Table 59 Hlwatitt.
Glutathione peroxidase 842 2E F9d ¥z2 o)A
2k 34ks) vjERRle A 9] GSH-Px 840l o] &8k
o, 970EE F9 diHoNE 3 (6.81 X 10° units/
mg protein)3} 43} HIEMIE (6.41 X 10° units/mg
protein)o] thZT (3.39 x 10 units/mg protein)oll B
8] GSH-Px 4] fodoz Eith o2 AgAso
o3l =2le] Hz2 GSH-Px 84 FX&w7) o34
ATE glsiey, #akst £491 chloropromazine©] 43
9} brain stem® GSH-PxE FAAZIte AL #dd
L=

Azl e S g4 ALz RE QAE BEste 9
< stedl, 53] HEM C, HlEtY] E, B-carotene 59 H]

ATNA o 22 A9 Fitstso] YFH vt
' Gats) BlEn S REE Aolrt 9] o ZA oA
Fu3t BLBA vAE FFE Hur} 3 Urek 57
455 B HolA vitamin E (70 mg DL-o-tocopherol
acetate/kg diet), vitamin A (240 mg retinol acetate/
kg diet), vitamin C (500 mg ascorbic acid/kg diet)Z
B33 Ao) g FFeg a1 Ad} veh C BEL A
°] Mn-SOD #4& 15% 7R, HEl E9} uleldl
C B3 HoA9] GSH-PxS 84& 377 itk
3} vjely] B3Fo] catalase 4ol oFF-H FFS 1A
okt B sy B A3 2ole] gitsl vieldl B3y
Z (B-carotene : 0.14 mg/kg body weight/day, ascorbic

acid : 1.37 mg/kg body weight/day. c—tocopherol : 0.14
mg/kg body weight/day)-2 $1¢] -t &4ls} vjelal
BF &l vl 1/10 1A, AIN-93"elA] @3
HIER 3o vlsiAE 208) o] &2 FEolfitt olE
B, ahtsl vjeldle] B3 JA] ¥e d slstE A
& 93pA)7)a, st 34 848 FU7IY o ade
3% =2} AR 9] idsts FRERS} Aolrt gle AR
Atz H)

2. 0139 M2 28 RN MDA [P TN} BA
2y

Aol we F9d =z MDA 39 vlu A1E
Fig. 19 Yeligich 28 $98 ¥ x3)9] MDA ¥
RE AgTolA 73 ute} foF oz Frsdct 1271
4% o] MDA e 97193 o nls) o Hedz
140~160%A % 27}k o2 Yehde},

grksl 34 B4 WM3lE SOD9) catalase 49 QL
oANE AuoAe SOD B4& A9stue 7HHd U
Freldel W} Bolx| ¥strl. 2MdAe] SOD 4L
74l we} Yol = Aol AU dRTAME FoF
o2 Z+4slEYt Fig. 291 GSH-Px @44 44 = 1]
w3t e, GSH-Px 842 #uks A9g BE 229
A 7Yl wat fojFog Ak Ao yehyt o
o] #ital XA FeFolu Bitst 54 BAL dHd ue
tl2di B a3k A3 AxE0] ol 9Jr}. Ramassamy
578 3vke] MDAV} 3703 Fol wis) 1371€3 Fol
AA Fre)d o wgka, whd SODY GSH-Pxe 842
txit sjolell A 7o) whE {2 [ Wa) gl Aoz
vehgtian B st Dogru 578 671¥# 3 2271
d 79 o AAE e gitsl g4 BT A )

400 ~ e e
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Brain regions

E 9 month
O 12 month

Fig. 1. Comparison of MDA concentration in
various regions of rat brain between 9 month
old and 12 month old rats. Statistical sig-
nificance was tested by Student's t-test at p
= 0.05 (xp < 0.05, **p < 0.01). Stiped bars
and blank bars represent 9 month old rats
and 12 month old rats, respectively. CN: con-
trol diet, GN: green tea diet, VN: vitamin-sup-
plemented diet. Cx: cortex, Cere: cerebellum,
Stria: striatum, Hippo: hippocampus.
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& 0.04 Fig. 2. Comparison of activity of GSH-px in

T various regions of rat brain between 9 month

3 o002 old and 12 month old rats. Significance be-
tween two groups was tested by Student's t-
test at p = 0.05 (*p < 0.05, #*p < 0.01),

Brain regions

Striped bars and blank bars represent 9 month
old rats and 12 month old rats, respectively.
CN: control diet, GN: green tea diet, VN:
vitamin-supplemented diet. Cx: cortex, Cere:
cerebellum, Stria: striatum, Hippo: hippo-
campus.

E F95 Aol ol ot 67187 Fof v|F] 2270€
& #9] HoA MDA &8 1 &1 glutathione &%
o wia B usint ol 4958 B o, e gt
9] MDA ##e $71819, GSH-Px 84L& 7#ishe
Aoz WZE catalase EAEAHE 718 wha} ws)
A WsslA @ A0 AARET. Fukui™ $& B
E H3& 339 tix ¢} sjntell A w3} AsA 2Eg A
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