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Effects of B8-Carotene Supplementation on Lipid Peroxide Levels and
Antioxidative Enzyme Activities in Alcoholic Fatty Liver Rats®

Lee, Eun-Hee - Chyun, Jong-Hee®
Department of Food & Nutrition, Inha university, Incheon 402-751, Korea

ABSTRACT

This study was performed to investigate the effect of dietary S-carotene supplementation on lipid peroxide levels and
antioxidant enzyme activities in alcoholic fatty liver rats. Forty five Sprague-Dawley male rats aging 8 weeks were used
as experimental animals, which were divided into the control diet (CD) and the ethanol diet (ED) and the ethanol +
0.02% p-carotene diet (E D) groups and fed the experimental diet respectively for 5 weeks. After the feeding, rats were
sacrificed to get blood and liver to analyze lipid and lipid peroxide levels and antioxidant enzyme activities. The mean
body weight and food intake of the ethanol diet group was significantly lower than that of the control diet. The liver
index (LD of the ethanol diet group was significantly higher than those of the control diet and the f -carotene supple-
mentation group. Serum levels of total lipid, triglyceride of the ethanol diet group were significantly higher than those of
the control diet and the S-carotene supplementation group. Total cholesterol levels were not significantly different among
all groups. HDL-cholesterol of the ethanol diet group was significantly lower than those of the control diet and the S-
carotene supplementation group. Liver TBARS of the ethanol diet group was significantly higher than those of the con-
trol diet and the [S-carotene supplementation group. Liver lipofuscin and conjugated diene levels were not significantly
different among all groups. The superoxide dismutase activity of the ethanol diet group was significantly lower than those
of the control diet and the S-carotene supplementation group. Catalase and glutathione peroxidase activities were not sig-
nificantly different among all groups. Because B-carotene supplementation significantly decrease the serum total lipid,
triglyceride, liver TBARS levels and increase the superoxide dismutase activity in alcoholic fatty liver rats, S-carotene
supplementation seems to give beneficial effect for the alcoholics. (Korean J Nutrition 38(4) : 289 ~296, 2005)
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Table 1. Composition of the experimental liquid diefs
(97250 mi diet)

Experimental diets”

Ingredients”

CcD ED EBD
Casein 41.40 41.40 41.40
DL-methionine 0.30 0.30 0.30
Cormn oil 11.20 11.20 11.20
Olive oil 28.40 28.40 28.40
Dextrin-maltose” 115.20 25.60 25.60
Vitamin mixture® 2.50 2.50 2.50
Mineral mixture® 8.75 8.75 8.75
Choline bitartrate 0.53 0.53 0.53
cme? 10.00 10.00 10.00
Xanthan gum 3.00 3.00 3.00
Ethanol - 50.00 50.00
B -carotene - - 0.05

1) g weight of ingredients in 2560 ml liquid diet

2) CD: control diet, ED: ethanol diet, E 3D: ethanol + 0.02% £-
carotene diet

3) Dextrin: maltose = 80 : 20

4) Vitamin mixture (g/kg mix) : thiamin HCI 0.6, riboflavin 0.6, ni-
cotinamide 25, pyridoxine HCI 0.7, nicotinic acid 3, calcium pan-
tothenate 1.6, folic acid 0.2, biotin 0.02, cyanocobalamine 0.001,
retinyl palmitata (250,000 1U/gm) 1.6, DL- e -tocopherol acetate
(250 IW/GM) 20, cholecalciferol (Vitamin Ds) 0.25, menaguinone
(Vitamin Kz) 0.05, sucrose, finely powdered 972.9

5) Mixture (g/kg of mix): CaHPO, 500, NaCl 74, KH.O/H:O 220,
K:SQO4 52, MgO 24, MnCQ; 3.57, Fe (C6H507) - 6HO 6, ZnCO;
1.6, CuCOs 0.3, KIO3 0.01, Na,SeO; - 5HO 0.01, Crk (SO4)2 0.55,
sucrose, finely powdered 118.00

6) CMC: carboxymethyl cellulose sodium salt
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11, aldehyde dehydrogenase (ALDH)®l 2Jaf thal=]o]
oHEIo|EE FA g} ‘

A3 talTbAl 9] AHERQY acetaldehydert ADHeY @)%t
it B2 2RE Wgsh= NADH/NAD' Bl-&2] 5719} ace-
tate2] A4S A G2 dirtel of7] v)dAA AEE
28tk Acetaldehydes ¥H30] ¥2 JEZH o
7H] o SHER vhgsle] 5438 vehllo] iEY] ¥
T, nEEZT ot 728 7159 s vAgae st
2 7} 28 a AAFNEE ST Ao Husn
9l25” NADH/NAD'H] $7h= 12483, 89S ¢
o] FAAE %4 5 it ot g 28 4 Yok

QA= A A deedME ez 4445
gaks} wWolAAle] o] FHE olF 3 YUk? o] #F
o] AR AeE A5tz AEH A 1P ZAH gy
Zho]) 23 A AR} Whe-2- superoxide dismutase (SOD),
catalase, glutathione peroxidase (GSH—Px); glutathione
reductase (GR)59) FAst 48l 18} Jddirs
o]0zl AU ksl oAl st oAlEct. whepA
31 AEHAC] FThs Aol Ay 2iizo] Fot A4A

HAY E2 33} WolA|A|Y 7150l FaEe] Yot

Carotenoidst N T 8 MAZ 2Ae)= oF 600
ojFo] EABI). o] F oF 10% Y E3ke] HE AR HF
g & Y&, E3) f—carotene< isoprene®) 71 AlE &
Foll 7719 B —ionone ring Z3L o ¢ % H
B A ATFAZA AFe] TR SR 18
U} B—carotene ©|9Jo|E ¥ caroteniods: HIEF AR
AFEA 431 7 AAHZ singlet oxygens AAAIIE F
go] 913 53] XAl Bas]= 2d3 radicals 3
A ARAIE FA8l 7150l Aol Hu=HPY 53] g-
carotene & RS 25 Aol dis] g € oL &
e 7RI QAgo] o Gzt FEAE, ITE

23] d=Ea 9)on B—carotened) AL BEAO

A3 AEYHAZRE NS Wolshed T8 2
oy g QoL

o|g} Zo| HZ A Azakslel thgh v E4A oAl
FABLYFAES FoA o] RAHUA of|ge] 2T At
3 2EHA ZyP Fake 434 AR TS A
v]g] e T Qe T3] Al71=E L Qck?

b & AFere HIFR d3d AHE AN &
FAEAXEb] e FHoAl f—carotene BAFA0lE F
Bate] A AAapdetE A9 F dadst 54 SR
B —carotene HZo| vlAe PES otr 1zt &5t
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1. AYE3 J A9

AP=EEE= A3 5539 Sprague—DawleyAd 7 &
F 457181 78] A (AJ &% 20~22T, HY
F7] 12212F cycle) oA EFALES} Eol2TE oA A%
B2 (ad libitum) 22 257+ T8 @730 A-eAFt 1
F oA dFYUz o] H-L717he AR F 8FFHo] H
o] AFo] oF 180~200 go| HAUS ) APl A3
AFFEL FAolT (CD)F dlk&2lold (ED), oe
& + 0.02% B—carotene@7bF (EAD) & ZF 29 15
nh) 4 Whro] A¥ Ao 533t FEBEISH

Ag ol ofghgo] Shggl AR2lolE AHAA Azt
& FEA7I=H AE3$ De Carligl Lieber™ 1231 Ya-
mada™ 2] ¥e]l F3lo] A FeE AzsINic ol
(CD) 2 A TG 18%F @A Z, 35%F A, 12
T YR] 47%E FAZ AFIRT e F Aol A
o} AR AFalo|F e FYsHAl A=t (Table 1).



gkl (ED)< Aol (CD)# 5Y3h 50 g/L
9] ogke-g, gk + 0.02% B—carotened 7} (E AD)
& JgheAo|F# (ED) o 5YU3IH 0.02%2] B—carotene
& Z7) TR oH, F Holo) It e TEH
o) 36%0) HFEHEE T o) IR FHAA Asod
A Ag2el7t BF 2 4 %S s AN
t} A FEo| ok A3 H-gse 7IkE 771 Hst
o] oghe2lo] 79 oehg FEE 20 g/LoARE A|Fs}
o] 3% kAo 10 g/LA 5331 50 /L7 AHApH o
2 59 gttt A84o)x did Hol3d Al Azst
o FE3i3ich

Agzgo Adys A€ AR & nlely Ll
AR om 2lo] HHFE WY, AT wiF FHY &
ek

2. Naai @ MAE

BT B0 3AA7|7] A 124)7K5<t F4] Al7]1, ethyl
ether2 A F B Aoz e S AHHs)
gk e A& B 284 (0.9% NaC) & Z
B3] AYsle) 2715 AAS F FAE S8tk QAL
2 75 dFAA 70T WE 2ol AAMtEE
FE9 FABELEY S0 ARSIt

A Mg AERE AREsle] A AL 3000 rpm
oM 1587 A4d%Este] g Re¥ ¥+ 54 TBARS
Ao AR Polyethylen tube®l] A3 $F AL oF
1A)7HE<F ¥ £ 3000 rpm (4°C) oA 1583 44Ee]
slo] RS wEey, B4 A7z 70T WE B
w3 & F AA, FAY, F Ze2EE HDL-Z92E

g $EE 2390,
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3. BN Y

1) 8% A3

F 239 %%+ Frings¥ Dunn®} sulfophosphovanil-
lin ¥ © 2 UV—visible spectrophotometer (HP8435,
Hewlett Packard, U.S.A)E ARS-31] 540 nmeld F3%
£ 2339, FAAY, § ZH2HE, HDL-FHAHE
S FAHE o] 4% kits (FEADE ARSI mAN]Y
Hog A3k

2) TBARS

A7} 719) TBARS (Thiobarbituric acid reactive sub-
stances) = 2~thiobarbituric acid Wi & ]88t UV—
visible spectrophotometer (HP8435, Hewlett Packard,
USA)E A3 BFLA02E= 1, 1, 3, 3—tetrae-
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Table 2. Food intake and weight gain in rats fed expermental diet
Food intake Weight gain

Group (ml/day) (g/day) FER"
CD 7854 +1.21%° 641 £021° 008 £001°
ED 63.11 £548°  420+057° 007 +001°

EBD 69.88 + 4.43° 528 £021°  0.08 x0.01%®

CD: control diet

ED: ethanol diet

EAD: ethanol +0.02% S -carotene diet

1) Food efficiency ratio: weight gain (@) /food intake (g)

2) Values are mean * SD

3) Means with different superscripts within a given column are
significantly different at p <0.05 by Duncan’s multiple range fest

thoxypropane& AT

3) Lipofuscin® conjugated diene &

7 AR g FE3 F 1 FE2 04 lipofus-
cin Y conjugated diene] ¥&-& 4331t Lipofuscin
& spectrofluorometerZ ©]8-3}93 excitation 73 380 nm,
emission I 480 nmollA FFEE S35, blankE
¥ chloroform& AHE3HTE® Conjugated diene?] 574
& Recknagel & Glende?] W& o]&3}] UV—visible
spectrophotometer (HP8435, Hewlett Packard, U.S.A)
Z 234 nmeld EFEE T

4) BNz 5L BYE

7+ cytosololA Cu/Zn SODS 44L& Misra $} Fri-
dorich?) #P& 0)12313tk® 7Fe) mitochondria®lA] cata-
lase BAEE Aebif] W& o83l H43311,
cytosololAl GSH-Px 845+ Tappeld] & ol&
3Rk

Thilal ekl hovine serum albumin ¥F @E 89
& AHER] Lowry 59 HHH®E o] &3t Protein Assay
Kit (Sigma, U.S.A) & AM&-3te] WA slint.

4, WA=

A& o] A= SAS version 8.1 programE &35k Z
ART vt FFF TFAAE AR T ANOVA test
%o} Duncan’ s multiple range testoll &8l p < 0.055<%
oM zt ART ) FALS AF3Ah

et

1. ACIFF NIZHSY

7 AP Aol dHF AF WS Table 20 e
Tk ollghg AAAo| = 553t AFFES AHJE A 4
odFFE ool YEEE FFUT EDT + ELD
Dell vlsl frelshAl B4 JeRRT (0 <0.05), ¢FEE F
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Table 3. Liver index (L) and alcoholic fatty liver level in rats fed experimental diet

Group Liver weight (g) Liver index (g/100 g b.w) 5% level” (@) Liver total lipid (@)
CD 5.81 £ 0.317" 2.58 + 0.02% 0.29 £ 0.01 0.24 + 0.08°
ED- 557 £ 082 3.14 + 0.22° 0.28 = 0.04 0.36 + 0.08°

EAD 56.34 = 0.55 2.88 £0.17° 0.26 = 0.02 0.31 +0.12®

CD: control diet

ED: ethanol diet

E AD: ethanol +0.02% B -carotene diet

1) 5% level of liver weight (@)

2) Values are mean + SD

3) Means with different superscripts within a given column are significantly different at p <0.05 by Duncan’s multiple range test
NS: not significant

Table 4. Serum lipid contents in rats fed experimental diet

Group Total lipid (mg/d!) Total cholesterol (mg/dl) Triglyceride (mg/dD HDL-cholesterol (mg/dl)
CD 178.78 + 59.43" 80.24 + 32.86™ 4218 £ 13.94° 52.24 + 14.56°
ED 249.95 + 26.88° 100.08 + 28.43 86.66 + 23.69° 38.35+ 890°
ESD 193.22 + 49.90° 90.47 £ 14.24 36.84 + 19.62° 6140 + 3.64°

CD: control diet

ED: ethanol diet

E A D: ethanol +0.02% B-carotene diet
1) Values are mean =+ SD

2) Means with different superscripts within a given column are significantly different at p <0.05 by Duncan’s multiple range test

NS: not significant

F3 (EDT + EADT) Ul olgk22dlol (EDT)
o] NolAdF o] gk + 0.02% S—carotene@7+ (B AD
DR FeAo g A JERtt (p<0.05).
AFSIIE Agaolro] TS BFHT EDT +
EADW) el ¥l8] felstAl #A JERt (p <0.05), €=
&g 39 (EDTF + ERDD) Y oS 2lolF
(EDD) AFE71o] &g + 0.02% B —carotened7}
Z EADD R fAH 0% vl Uebdtt (b < 0.05). ©]
2§t A= HoA 7% oAeES 85l F7HIA AR
Al A3 AFo] thxTol vl s A st
3t Rothwell®} Stock™ <] B¢}, tege] 4785 A
o7 A% S oz 3 APl €IS HFHA
Ao] HHF] Hag) o7 G FFEANE AT 7
A5 2= Liber &} Decarli®] P 9l% A3}
AFEF AF i Ho] AFHZe A ¥ nk opy}
UFE AAY B4 292 A% A8 A G
F gl 12ln nEEl) e HAZ AT RS F
& oA AR7F F717] WEe] Aoz Al -
carotene®] RZF& &3Eo] o3t Ho)dH i) AFF
7t A FEE RS & 7 Sl

2. Liver index®t SZZYAYM £F

AFog A3 2F FAY Ro|E HasRl] 3l 7] FA
£ AF 100 g2 FAIZ ARt liver index (L) Table 3
of Yehliglch 1o FAE due-g FFEH (EDT +

=)

+

E ADW 0] A2lolel vldl folzer w4 veRt (p <
0.05), &3S AFHAA FH2 2 Tl F7HEAH: Yar
mada $°¢ Bis} Y3 REE FEUT ED
T + EADD) oA e gdolF (EDP) Hla] oeks +
0.02% B—carotene¥7} (E D) o] F23HA (p <0.05)
@A Ueh} g—caroteneS FoI391E wf o]2idt 7k )
dio] eske RoF ihepge)

Aol BF ko] FAlA F Aol sk vlE
o] 5%7} @ 92 LHL? Aol EL 7+ F A
o] ZHAI 5%FFl APk AR} o] &3
SARAA Y] Fats)x] gkghon), ofghglolE (EDT) &
Zre] Ak o) AgAdalolFel vid| Fe)Hog wgtor
(p<0.05) 7HFAL 5%F A3l L2 YT Ae)
£ YEeRYRIT} (Table 3). “€hE + 0.02% B—carotene
H7H (EADD) E 2] F Ag=go] HFAY 5%l
sk AW 2ot 24 vt 3SR dHE
Yehligloy, ogkgdlol (EDP) ol vid] #-2&o)xe
dor} AL AEE Boy I SEAAAUL FF Fad

B—carotene®] Thh F-88 A0 F AlgH;

3. ¥¥ NA Bk

Y F A4, F SULHE FHAM, HDL-Sd XS
3L Table 40 YR & A S oghg2o]
T (ED) o] Bdalolrrt f23kA (p <0.05) =4
Bt ¢3E Al A3l 83 F Aol Frishs Ae ¢

AN
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Table 5. Plasma and liver lipid peroxide contents in rats fed experimental diet

Group Plasma TBARS"” Liver TBARS Lipofuscin Conjugofed‘d'iene
(nM/mg plasma) (nM/mg protein) (fluorescence/10 mg protein) (O.D./mg lipid)
CD 1.79 + 0.88%° 8.96 + 2.32° 9.85+ 1.71™ 027 £ 0.12%
ED 2.89 + 0.71% 21.20 £ 2.06° 13.18 £ 3.71 038 +£0.14
EBD 2.13 + 0.24® 12.70 + 1.58° 1157 = 3.14 0.29 +0.03

CD: control diet

ED: ethanol diet

EAD: ethanol +0.02% S -carotene diet

1) TBARS: thiobarbituric acid reactive substances
2) Values are mean + SD

3) Means with different superscripts within a given column are significantly different at p <0.05 by Duncan’s multiple range test

NS: not significant

T QA &3 f-carotene?] 7K (EADID) 0] oehe
Aol (EDT) HTh 84 F A=) FHoz v
UER} B—caroteneo] ¢FI-E AFH 23 F71E 9
F A4 =g 2271 2 e AoR Az,

F SZUAHETEE QAAolEH Aol (EDD),
a3 o'k + 0.02% B—carotene@7/H (EADT) B
FollA et Aolg vERA] oksitt, 1By ollehgA]o]
T EDD) o Fo & A3E B3k olHE A= T
S UoR 3 Ad7HINN 438 A £ 8 E
AAEE ol et QIlvhe Ba¥s X355t 1
At 30 AFe A8HA AL FA oM E
a7E2 AAZH 7)7ko] T IS £ ol o
AN, €3¢ 437 AR TEY 839 Ful2H Sl
oujdt TS FA disiMe £ o & A7 g
sprha Alz ek

FRAY FFE eeAolZ EDD)o] F 31T
e + 0.02% B—carotene®7} (EADT) Hrt -9
Aoz FA VERIIT (p <0.05). °ol& FA 4ZEFS
32} 109 oz d7-¢ A Ao AR g
o] A1} 2ui7A] F7} SRk & Schapiro® B39}
AX)3 T, A @) 20%) HFsh=s 2L oAl
AANZE o 3L 3T ¢ZE udFTRY 34
Ak o] FUThndt Kim £ Buds: AX3ich
w5t o + 0.02% B—carotened 7 (ERDT) ] o
©@g2lol (EDD) B} F4Ae] dgo] fostA Wot
B—carotene?] Ao]H7h= gkl 23t EF FAAY &
F 357 dA3] *3USE £ 5 Aok

HDL—ZHAHIE §FE oghe2lolF (EDP) o] 334
o3}, oehE + 0.02% B—caroteneId7F* (EADT) H
o} fo3 oz v vebgth (p <0.05). £ AfelAE ol
ggalolE (EDD)RY A& + 0.02% B—carotened
7V (EADD) M & HDL-ZHAHE 752 Ueh
HDL-Z#HAHE 58 ol f—caroteneo] 788

Aog Atgdct a4, o7 AW FHAHES e
2 euksly, 7ol ZEAEEe) A3l B 2 mpEs &
A3l F Fel2EHE 2 R A0F g2z HDL-
Ze 2 0] 4FE AF Y A FEFC] AWl

e o B A77F Yoty Alsdn

4, NEMOIE

Y33 7+2] TBARS &%, 9] conjugated diene ¥
lipofuscin &2 Table 59 YeRAc) AA4o| 1t
ofg-g2lo) (EDT) Q) 8% TBARS #3o] fo38o%
A Jertt (0 < 0.05). €388 FH3F EDF+EBD
) oME B—carotened7} f5-ol Wb A Q1 Aol
£ YehiAlE @¥%keyt 0.02% B—carotenes H7F3E
(E D) 9] TBARSE=o| F1] W& AFS B3t

Z¥x2A) 2] microsomeoA A= AP E 23
sh=d] g2 o] 45+ TBA (Thiobarbituric acid)®2
2 AA18EQ] TBARS #3-8 &3¢ A= 3434
olFrr} 2lo)of e g-s FFF (EDT + EADH) 8 2t
TBARSE#o| f422 A vebsttt (p <0.05). Dilw
7i0,*® Comporti 5,™ MacDonald,® Sinaceur $*2] B
FAME AF A oehe-g F 3 F AAIPPT 3
HAtkw R wsty Qo) Aol dF LS FF (EDE +
E D) oM ok + 0.02% B —carotened7H- (EAD
o] oegelF (EDP) R f& o= 7k TBARS
o] WA vl (p<0.05) p—carotened77} AA 3
A AT AR AlRE o= viEl AS} -
carotene®] Fo7} A& FA4 Folof gt #F 4k
318 &l vX|= YA f—carotenes FFA T
A AAIISE FFo) 7P WA Yttty Budt
Jang 5*7¢] Az} Y5,

3}, Ash 2EfHA 7 FAst JiA RS L
2 A3 Aol lipofuscin 47} £XPL 2 dajA qlck
&3] lipofuscin®] %32 mitochondria® microsome$)

A3l WA BAZE 7RI
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Table 6. Liver antioxidative enzyme activities in rats fed experimental diet

Group sop” Catalase GSH-PX”
(U{mg proteir) (2 moles HxO2 decomposed/min/mg protein)  (nmoles NADPH oxidized/min/mg protein)
CD 211 £ 0.2°° 109.79 + 40.44™ 12.23 + 3.48"
ED 054 +=0.11°" 97.52 + 22.09 7.38 £ 252
ESAD 2.50 + 0.10° 108.43 + 32.96 9.04 + 2.87

CD: control diet

ED: ethanol diet .
EAD: ethanol +0.02% £-carotene diet
1) SOD: superoxide dismutase

2) GSH-Px: giutathione peroxidase

3) Values are mean * SD

4) Means with different superscripts within a given column are significantly different at p <0.05 by Duncan’s mulfiple range test

NS: not significant

2] lipofuscin ¥ 7+ F3F Froldt AIE JERYR]
Askont, ogrgAolT (EDI)] &g + 0.02% B—
carotene7H (E DD # AAFAlolErTt 79 lipo-
fuscin &%) tid 2 FES JehSI

Conjugated diene X3RS iteibs 270
A 2 Zo] methylene?]d] F48 F4319 oj52%
o] ol oz AANELL w3 o] vk ARREA) Qi
ZAdME 7Fs3le] FAsAA A9 AR o AFE
AL ofARE ARAEA} E2) Al AR I EsINEG0] WE
Al YoJU= & conjugated diened X A7Hik3} w39 )
¥ ojgH®? '

Conjugated diene HFT ZF 73 F2]3 Aol § YEL
WA stoy, oigg Aol (EDT) O] oleE + 0.02%
B—carotene¥7 (E ADT) # F/3A0)FHT} 7Hefx 9]
conjugated diene &) thx 2 FFE VeI

5. QMojEA BYT

rAFSl & 49l SOD, catalase @ GSH-Px9] 7F 234
£743 A7k Table 69 YFERISTE SOD 84
oggAo]F (EDI) o] Bdlol#rr} fojdog
W e + 0.02% B—carotene F7+ (EADT)
< ogk&Ao]F (EDT) B} SODE0] FH o2 =4
Jeh} (p < 0.05) B—carotene®] SOD 84& 717
£ & = 9lth B—carotened ThE A3t S HlE &
AAarao] j3 FBFI7} Grie Packer 59 Byl
#xlo] Az & o SODe| 23l &3l 2 B4akiot p-
carotene?] Zg0g 7ZrAEo] SOD BHEE &9 Ao
2 Atgdch =3 ol2gt AMIS #Aitsix|A e g st
g @ AA & o oeE H7h A SODE| E4e] Hag
o= E7-83 B—carotened o] A7}t A ARSE F
kMR kst A9 o] HAEE ARE R
33 Stk webA, 3atst 71%5-E 7 B—carotene> &
g AAS] SODY defargel 719 Ziog Alg

0.

ket
L

Ir

)

38 r
jo

Ly

Ak

Catalase$} SODE 2Hy7]oll Wisll 7] H3$ 28§ &
+ 42X 0, " SODO 93l B} whgAdo] ekt H,0,
2 A39 oS catalaseol 23 H09} OH 2 5315
v k9 2k 229 catalase BT ZF 27 F20F
el xpol& YehfA] to), dgrg2eld (EDHE &
Aaloliret Tt B Hdolglon, oeE + 0.02%
B—carotene7He (E DT ol&h&2lolz (EDD) o vl
st =& ZAgoldn). ol HiEN A BHF 2lo] E o
&2 T3 Foiz} EF ) A Akstd &3} Fals) A
Al n)X & Fel tidte] AF3 Yang”S) Bus) 4X
3lo] £ AHAME ekl 9= catalase =N &
AFE FA &S Ao2 Yepth

GSH-Px 8AET 7} T3t 793 2lo)E vFEhA] &
koLt ofighgdol (ED) o] /dalolel Hls] 4ol

2 Agojglon ok + 0.02% B—caroteneP7+T
(EADD)o] olerAlold (EDD) )l vl F2Fel 2)0]
+ ol oy} 7hllx e} GSH—Px &4do] ¥& Aol
o] 7t APIEZY GSH-Px BASE Jere Fo73
pair—fed Atololl A& o] Ut e Yang™ 9}
Jang 579 B1uolE 22 AFE Yehich

B A7 dakslgudi] g —carotened 4o] HZo]
AFSGALRE FHollM AARIEEY] 77 L 2 W
o] st A Gl viX e FES Loprgitt

A¥erz= 4% 83 9 Sprague—Dawley A 23] 45
ul2]E ARl AAFAlo|F i dgkgAolE (EDE) 18
1 oere + 0.02% B—carotened 7k (EADT & 15
ul2lq o] 573 F1t A3 Aol g ATt

AY 55 A3 Foll He A & 8 EH A
A =%, A7 7te] AAIANSE, 7] gAatstas &
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1) Aoldd%a A5T71E BT ool ¢3S
I3 (EDT + EAD) ol vl&ll frolAoz A et

dFEE FFTT (EDT + EADD) oM E ek

Aol (EDP) o] ek + 0.02% B—carotened 7l (E
SDD R fr 9oz WA veldt) Liver indexE &
F&E FFTE EDT + EADI) ol FAAolFel nls)
Fozoz A Ve, 4388 IH BEDE+E
BDD) M= oflgrg-AolF (EDD ol vl oflgkd + 0.02%
B—carotened7H (EFDT) 0] o3 o2 WA vEpsich

2) & AR FAAL FFE dekE el (EDT) )
Aol fooz gdoH oeg + 0.02% B-
carotene¥7l (E D)< &&dold# (EDHEY
oA BHA velsitt F Z2HE g3k 4 #3379
3 zjo) 2 vehlA] 9ottt HDL-S8AHS ke ogh
E2o|F (EDP) o] B340l FH ok + 0.02% B—ca-
rotened7H* (EADT) BT o802 A Yehsit]

3) 873 TBARS %2 o&h&2o]l (EDT) o] 334
ol AR EA vEROY &kE + 0.02% 8-
caroteneH7H (E ADT) #h= #ol$t Ajeld vepA] &
3tttk {F TBARS §% oedS 3537 EDT + ESD
Dol et st A VR, oeheEE ¥
Fe (EDT + E D) oM = o'k + 0.02% B—caro-
teneF7H (E D) 0] ole&2lo)F (ED) Bt 443
o= 3 ekttt

Lipofuscin® conjugated diene k& HAralolrs) &
F&E FTFT (EDT + EFDY) EFAIM fost 2t
o|& JERYA] kit

4) SOD 8L olleh&2olF (EDT) o] A/dAlolrnr
FgFHo Wgkon oeks + 0.02% B—carotene 7}
T (EADT) L k&Aool (EDD HY; fodoz =
Al Jebsttt.

7t Catalase®} GSH-Px 8%+ 7k 7 #3
ol& JehgA] gkshrt

ool Az A7 L2 A= ¥F F AW FAAALE
A5A711, B33 7ke] TBARSE Z7HA1719 SOD &4
BYEE AANE & 5 UCE =3, 4387 3 -
carotenes 718k 39 F A7 F9AL] e
#AaA713, HDL-ZH2HES 421719 719 TBARS
S ZaAZ)3, SOD BHEE 7S ¢ 7 AN
o} wEbe ISR F 2 Aol f—carotened H
715k dEER A% XA ¢ Ashy AEg A9 A¥d
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