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Effect of Dietary Vitamin A on the Status of Antioxidants in Ethanol-Treated Rats

Jung-Sook Seo’, Kyung-Mi Yang and Mi-Jung Choi
Dept. of Food and Nutrition, Yeungnam University, Kyungsan 712-749, Korea

Abstract

The present study was conducted to investigate the effect of dietary vitamin A on the antioxidant status in
ethanol-treated rats. Weaning rats were fed a basal diet until they reached about 160~180g body weight. There-
after, four experimental groups were fed a liquid diet containing 36% ethanol of total calorie and four pair-fed
groups were fed isocaloric sucrose instead of ethanol. Additionally, the liquid diet contained adequate amount
of B-carotene, retinyl acetate, or 13-cis-retinoic acid except vitamin A deficient diet. The rats were sacrificed after
7 weeks of feeding periods. Significant decrease in hepatic vitamin E content was found in rats treated with
chronic ethanol. However, dietary supplementation of retinyl acetate modified the change to some extent. Total
vitamin C content of liver increased in vitamin A-deficient or B-carotene groups with ethanol feeding. The
ratio of reduced / oxidized vitamin C increased in the plasma and liver of B-carotene group with ethanol feeding.
Chronic ethanol intake did not change the total glutathione content of rat liver, but increased reduced glutathione
(GSH) / oxidized glutathione (GSSG) ratio. This increase in hepatic GSH after chronic ethanol treatment may
be due to increase synthesis of GSH in the liver. Zn and Cu contents of liver decreased after chronic ethanol treatment.
The change of Se content in plasma and liver was not consistant. Fe content of liver increased by ethanol
treatment, but this increase reduced in rats fed dietary retinyl acetate or 13-cis-retinoic acid. Fe content of
plasma increased in vitamin A-deficient and B-carotene supplemented groups with ethanol intake.
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4], A F-L ] A f-oll= 1/2~2/3 o] 4ol mi-
crosomal ethanol oxidizing system (MEOS)el <] 814 o
AbEle] o]w] Oz, H202, OH 9} 72 free radicale] A
AA Q) Az Bl 4-8 A A AAF A
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A A A s} uk-g-o] Al 5 243 B AW
ASE AR J YA RA Ao F o &= -
carotene, 8] €ka1 A, C, E, methionine®}t AW 4Lz} o
A A E 24 2938 glutathione, bilirubin, uric acid,
a2 3As} 2H4-g 3t 2R A FA AR Zn,
Se, Mn, Fe, Cu 5% € 4~ 31ch(8,9). vl Rl Ex= A E Y|
254 FE-Q T o]FE el BolH g EEFe]
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o 2 A A 3HF A3} FAHE B4l retinol, 13-cis-re-
tinoic acid 28] 3 AF A 4] B-carotene 2. A X &
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Fuk& £448)7] Aol o] & A)2] 8} glutathione peroxi-
dase (GSH-Px)9] F-A1A -] Seo 3tko] A A=
Arh(13,14). 22} SR H 2 o ehe-S A AT S
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HAHEE A Aol

st Tl A o] -3 2] 15221 Sprague-Daw-
ley%F =5 64vle] g Fofitol HF A Fo] 160~180g
o] E w} 7}A] LY ALR (R FARIE AFSRE F 80|y
F-E5l o wh-2-8 Fsta FA o vkl A AT
(FE), B-carotene 41 3] (BE), retinyl acetate 4] 3] 7 (RE), 13
~cis-retinoic acid 4} 3] 7 (RAF) 2] 3L o gh-& thAl o)) &
o F3FE sucrose R F-FL pair-fed =524 FP, BP, RP,
RAP-E E3jtsle] m% 8728 4A3] 1] vl 5hod
stainless steel cageel] g vte] 4] #-2] - ALS-31% o).

Al g A]o]= Table 13} 26]4] A =l2] 2HE1E pre-
mixture A3 F-of] o &k-2-3} F-UA g A2F4] sucrosed 2t}
Hrbsle] £2 £8A17) GAAe] g2 FFaHsich
(18). o]} ghuAl F-4l e 2= vitamin-free caseing- o]
43t on FARQ Ao+ vkl A FFIFL
Table 35} zhc}. Alo] FHF L oek-& FAFS FAIF
22 FFAZLe pair-fedt2 A ol gk FofFol
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A a-tocopherol §HEE-E Bieri S-(19)¢) ubal o] o}
2} internal standard® tocopherol acetate (Sigma Co.)&
o] 8-3}ed hexane2 & &3 F AL 3 F A2 & HPLC
£- diethylether2} methanol 2 &8l A]AA] HPLCY 4
A7t} 2 22 a-tocopherol 3} tocopheryl acetate ¥
B Furr 52009 ¥y o) e} 22 o] S2AAE ¢
&) F-rrb (Na2SOn = 2 vl gk ©h& HPLCE- dichloro-

Table 1. Premixture composition of diet (per 100L)
Ingredient Amount (g) Energy (kcal) Table 2. Composition of liquid diet (per 21)
Sucrose 6500 26650 neredi Control EtOH (36%)
. ngredient
f\:/\(i);r;;lllmixture Z;gg 202(3)(5) ’ Amount{(g) Energy (kcal) Amount(g) Energy (kcal)
Vitamin mixture 255 1000 Casein 82.0 336.2 82.0 336.2
DL-methionine 30 123 Premixture 202.0 950.8 202.0 950.8
Cystine 50 205 Sucrose 174.0 713.4 - -
Choline bitartrate 53 - Ethanol
Xanthan gum 300 - (95%, w/v) - 100.5 713.4
Total 10286 48413 Total 458.0 2000 384.5 2000
Table 3. Composition of liquid diets used in experiment (g per 1L)
Group
ingredient
FE FP BE BP RE RP RAE RAP
Vitamin free casein - 414 41.4 41.4 41.4 41.4 41.4 41.4 41.4
L-cystine : 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
DL-methionine 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Corn oil 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Olive oil 14.2 14.2 14.2 14.2 14.2 14.2 14.2 14.2
Sucrose 65 154 65 154 65 154 65 154
Choline bitartrate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
a-tocopherol 10.0 10.0 10.0 10.0 ~ 100 10.0 10.0 10.0
Xanthan gum 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Vitamin mixture” 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
Mineral mixture? 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
Ethanol 50 0 50 0 50 0 50 0
B-carotene (mg) 10 110
Retiny[ acetate (mg) 18 18
Retinoic acid (mg) 10 10
"Vitamin Mix (mg/100g mix) according to AIN-76
Thiamin - HCI 60 D-Biotin 2
Riboflavin 60 .Cyanocobalamin 0.1
Pyridoxine - HC 70 a-Tocopherol acetate 3,676
Nicotinic acid 300 Cholecalciferol 0.25
D-Ca pantothenate 160 Menaquinone 0.5
Folic acid 20 Sucrose 95.451g
?Mineral Mix (g/ kg mix) according to AIN-76
Calcium phosphate, dibasic 500.0 Zinc carbonate 1.6
Sodium chloride 74.0 Cupric carbonate 0.3
Potassium citrate, Monohydrate 220.0 Potassium iodate 0.01
Potassium sulfate 52.0 Sodium selenite 0.01
Manganese carbonate 3.5 Chromium potassium sulfate 0.05
Magnesium oxide 24.0 Sodium fluoride 0.06
Ferric citrate 6.0 Sucrose 17
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Table 4. HPLC conditions for the determination of vitamin A and E

B-carotene

Retinol & Vitamin E Retinoic acid

Instrument HPLC (Waters 6000A)
Integrator Young-in [3 520A
Column u Bondapak Cis
(30cm X 3.9mm, 10um)
Detector UV 436nm
Mobile phase Methanol : Acetonitrile : Chlorotorm
47 14211
Flow rate 2.0ml/min
Sample injection 100ul
Attenuation 0.M
Chart speed 0.5cm/min

HPLC {(Waters 6000A)
Young-in [ 520A

1 Bondapak Cis
(30cm x 3.9mm, 10um)

HPLC {(Waters 6000A)
Young-in D 520A

u Bondapak Cis

(30cm X 3.9mm, 10um)

UV 280nm UV 313nm

Methanol : H.0O Methanol : Phosphate butfer (pH 7.2)
(95 :5) 98 : 2)

1.5ml/min 1.0ml/min

504 1004

0.02 0.02

0.5¢cm/min 0.5cm/min

N

methane 2. 2 F&3 & FHE A& 9o o ¥
A £712 Table 49 Zch P Ak} 2 A wlebwl C &
-2 Shah3} Nath (21)2} ¥hH -8 & s}ed 2% metaphos-
phoric acid -3} E¥gF 814 A3} obfj g BFA L in-
dophenol#} 2,4-dinitrophenyl-hydrazin g-of o 2 WAy
A7l B1E 540nmell A 3 g HAstgc) o|of BF
£ © 2 3= ascorbic acid (Sigma Co.)-& o] 4-3}e] ¥ F 7
A& T8 L oFE AFEski o) 7 22 & glutathione
2] ghek-e Theodorus2} Helmut (22)2} Wb of) w}e} gluta-
thione reductase-DTNB recirculation assay® & o] -4} od
412nmell A 3= HEE SAsI} o)) EFEE
2 2= 48 glutathione (GSSC)S- o] 4-8te] XF 7
FAE 73 2 kS AbESd e 7 22 GSSC g
NADPH$} glutathione reductasesl] 2] a4 GSSG7}
$1913 glutathione (GSH).C. 2 W 315 o)) wels] 774
NADPHE- 340nmel| A 1% E<F @338l & nmol &
AAbslel 2w, GSH o2 & glutathione 3+ GSSGE
t24 o ofE ek A 2 AW £ §
-2 Thomson3}t Blanchflower (23)2] ¥} of o}el =] 8t
A4 HYAALE R A, o F 3] shol
inductively coupled plasma emission spectroscopy (Baird
ICP PS-4, USA) 2 &4 s}¢ich.

i o rlo

N

ot

SAHAMe|

Ao & datats SAS £4 packaged o] &3}
o] ZH A F vio) Yox et TEVAE AEL T o=
0.05 =5l A4 Duncan’s multiple test2 2+ A8 T+ 5

2| 7ke] f-of A& 73 A shad et

Zo o o

Ymn 2tz o sletel £ B

A a-tocopherol FeFe o H-g FoT 3 reti-
nyl acetate A H & A A Tl el o
ZraE e (Fig. 1), 28 23W a-tocopherol §F#-&
k&g Foiztn FA e B-carotened FFI F
pair-fed<t-ofl vl 8] &8 Zragl ubd 2] A 7ol
A pair-fedd 3 EoRE Aolzh gl 22t o %
& F3 2 Q13 a-tocopherol ¥k 4y WAF Fo
3HA] retinyl acetate® FFARL of A:HR] ekghe
n 7+ 2 A U] tocophery! ester ¥k o Bh-g Fo 2 7F
2=} (Fig 2, 3).

o ekg-off 2% 22Ul «-tocopherol ko] A8l
A& ool wlebl E Fof +42] F211214 lipo-
protein®] F¥| & 714 A]717] v Foletar Traber 5 (24)
2 gkl T}. o9 ol = Majumdar E (25)2 in vivo A & ¢
Al ofiEbgel o) AAdH AARAREE S 7=

ug/dl plasma
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\

B-carotene

Vit A Retiny! acetate Retinoic acid

Fig. 1. Effects of vitamin A and ethanol administration on the
levels of plasma a-tocopherol in rats.
Mean£5.D. (n=8)
~Values with different letters are significantly different (p<
0.05).



852 AH % -

ug/g Liver
70

MR etnanot
Y - staanot

|

Vit A

’

-

B-carotene  Retinyl acetate Retinoic acid

2. Effects of vitamin A and ethanol administration on the
levels of liver a-tocopherol in rats.
Mean+5.0.(n=8)
*Walues with different letters are significantly different (p<
0.05).
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Retinyl acetate Retinoic acid

Vit A B-carotene

Fig. 3. Effects of vitamin A and ethanol administration on the
levels of liver tocopheryl esters in rats.
Mean+5.0. (n=8)
“Values with different letters are significantly different (p<
0.05).
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(27)2 F oA B-carotenex} 13-cis-retinoic acid-Z Nutri-
tion Recommended Committee (NRC)2] 102} 508 &
zy 2FA 2 A3 13-cis-retinoic acid - vl
A 7y 222 a-tocopherol g2 7Fasla A
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Ae 25 z2dd 22 88 FA sk m shsdeh
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noic acidell 8814 a-tocopherole] F71 A&t =
2 Botel 53 B-carotene Aol A ApEAME = =
Abedeke] bl elul £of] 9] &4 B-caroteneo] 22l g}, B
"k oluja}l B-carotene-d 75% oAbl LDLel 2fste] 4=
FE v g-tocopherol HA] 3R LDl gsr] =
Hu2 o] F ofgart FAd ol5g AL AME AA
A kg o 2 ghAbs; FH el ot AT A vk
BolE 4 gleh(26). mpepa wlepal B ulebal A A}
o} A}FAbstel 3t dg o2 AW Fake] wisty 4
= Ao oAl

E AF o= ol BHE Fof FellA
of wletal £ 2 Zhas = 7 gl
F= o gbEofl sl S Al AakEE FeEat 3
He o2 Bedxc) o] dia) retinyl acetate?] FJ
uletal B 3k AT ohak A S8l AL
2 viehgoh
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g&nt 2hzze HlElg C g
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kg & el C 2 o=t
o] B-caroteneo]rt retinyl acetate 433
ol ul8l FoH o Yghond g/
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(<1
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==

Al vhebget el 7F 2 Aol A = o

& o vlepyl A Asgt3 f-carotene Fg-Toll A pair
“fedTol wle] & AHE Hdow FAY/4keE v

= A S-UslA B-carotene-g A FH EF oA =
viebdol (Table 5).
Kurnet2} Tappel (28)2- 8] e}] C7F 2 35 guinea pig
oA At et g o3]S o nlebwl C a-tocopherol,
& FFAAE o 2op A4k ukg
A A E2l pentanee]t ethanedFo] & A3} #7}3hc}
a2 B abgd et 3 ul ekl C xanthine oxidase B4 as-
corbic acid-Fe'"ol] o & fksl 214 2Aks) wk-g-S o
A A 714 SFAES} od of 4 2 R8-S o] o= X 44T peroxy
£ 53 A A st A oAbl A = 243}
{11,18). Wickramasinghe2} Hanson (295 in vitro A%
oA A A9 Al 10~500ug/mi2] vl elwl CE ofjshg- &
T3] 3AIZE Aol vl wofAI ] A 2 BAdo] efs)
ohe AL B =3 in vivo A el A & ARkl Al v
2] vl etnl CE A # A7 & o588 mhA A 3S o
YA acetaldehydes} albuming®] A%} 242 AE
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radical
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Table 5. Effects of vitamin A and ethanol admmtstratlon on the levels of wtamm Cinrats

c Total ascorbic acid Reduced/ Total ascorbic acid Reduced/
sroup y;)/ml plasnn) Oxidized form (ug/ g liver) Oxidized form
FE 2.32+0.34" 3384111 170.6+30.3° 2.48+0.75¢
FP 2.41£0.23" 4.11+£0.87 1351314 2.56+0.58"
BE 2.63+0.34 741177 172.0+32.5" 5.87x1.36"
pP 3.36+0.30" 5.3741.36" 125.5+19.2 3.94x1.12¢
RE 2.67 £0.29 2.96+0.64 188.2+33.3" 4.63+1.37"
RP 3.70+0.34 3.51+£0.70 1891 +28.1° 7.64+3.15"
RAE 2.83+0.33 3.50+0.87 148.4+21.7 2.77+0.85*

168.4+32.2~ 2.18x0.98

RAP 2.84+0.36:

Means+S.0D. (n=8)

7.08+1.76

~Values with a same superscript fetter within the same column are not significantly different (p<0.05)
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o} A 2] 283} (30). ey} vl ek CE B-carotene
ek st A R 7)ol EF s ] ool A %E lEA] AlA

FAbshb-eg B e 0.05mMe] A E Rl A
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MApA R 24gk vk 5mMe) Tl M SHAkSHA)
2 A7) w el 1 A HFEF AW wee s
o oS A G F_A o] A7 E I YT (1)

B A2 A9 o w3 5ol f-carotene A H T

o

45 o)zl Ay vlelyl Co) §HA 52 o
2 g A3

_‘L_\,L::b?ﬂ rlo
o

Z

(4

ol
W

=H 2| glutathione

& A AAAE T T Zobel e BT 7 22
H] el C ks 51993 /4ksbel o) n)o) 2olE s
1218t A sk ujelul C dlAlel] t}E 8ALE} ook
]

wE 2t

7F 22 & glutathione §Fek-& ol gh-g- F-o 751} pair-
tedi% Zhell frelAQl Apolrt g3l GSH/GSSGA o

3-cis-retinoic acidE 4 F A2 o 71
S-RA15hA T} (Fig 4A, B). 2]3-2] A1sl=]

[ O A i
S m{o — f‘J[O

HFoldtolA =4 vebden ol retinyl acetate

e O A
T

$=Akol] oY
] EHFo] F A4l glutathione-S-transterase 9} GSH-

Px2] 23 7] A 2 A48 tripeptide 3 ej2] GSHy
A A A a2 o] B4 AlA, ofrleal g

A2 7 2 A ool Al r]ee ¢asic) B
& vl EE o golox] F2 free radical-S A A
ol1 el A€ peolm o] -glel MH GSHI

owhg HA ol o) A L2 Ms‘—‘:-w ZHe
o} (5).

!
|
Al

l%%
A E
InEdgs
2 9l

¥ moles/min/g liver

W . ethanol
121 - atagnol

S
wr

— ab

Vit A B-carolens  Retiny! acetats Retinoic acid

i moles/min/g liver

28
‘{ M - ethanol

| ~ ethanol abe

¥it A B-carcene  Retiny! acelate Retinoic acid
Fig. 4. Effects of vitamin A and ethanol administration on the
levels of total glutathione (A) and GSH/ GSSG (B) in rat
livers.
Mean£5.D.(n=8)
Values with different letters are significantly difierent (p<

0.05).

Rosenblum (31)-& A A Ale] &gl F 36%7}F o et
2 o]%oizl Ao & THARES W A wabelA
AR BAbsE F7hsh B2 GSH aere] Ras el
B33t ol gh-&3} GSH2 AFEMk-8-& acetaldehyde
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2} GSH2| =44 whg- -2 GSHe) A F3) 4] cysteine
o} lysineste] 71 A el owhg 4b3t A
£ XA EF o] ubg-oll o)A GSH gaFe] 3
A%t A3 Qeb(5). Bt ohel Rt H o 2 F
A% &S GSHE HH A7) &4 y-glutamyl-
transferase B4 £ & Z7FA AA GSHE] turn overZE
E3}od %Al (steady-state)®} GSH $=& #|3}& o]
EA6 g UAEE ZAAAN AbhikEE 2313
Al B} (32). =JF o &F-2-2 adrenaline, corticosteroid 2
2] 2 glucagon 5 745 328 pu] A 02 o gy
E] GSH9} sinusoidal effluxZ Z7}A] 7] o] mheba] 23]
] GSH 147 dojvin] o2& 0. 8 free radicale] 2]
g A A FAEs} w2 frEqeh RaE glo}(33). 2o
v &AW GSHE 7142 A A A4S ub-ge] frEs 7]
Bohe A A A vbge] Aoyt Fof nzde] 7145
H oy atebA] GSHe} A A HAstE e AR
AE B} 45).

L2 Piersons} Mitchell (34)-& o848 FH 2 3 7+
oA 2318 GSHE] 5o FrkE oty B s
A3, o] 9] o) & MortonZ} Mitchell (32)-& vk 2 Q) of &t
£ Foell & GSHe g o] FrEHLAkR s
t}. o]2]@ AFHLE end-product feed back A a4

2 dojuin] Abs} whgo] o1 A9 7heA] A &
2.2 GSH effluxyt 7t} =] W BAFAHS- 2.2 GSH
g o] Zrtslcha stedeh. 7 2o A GSH A3
ATPe]| o]&# 02 ut-5-3}n) upepa] o] iojr] 4+3}4
£ EAe] frlEe 5 ATPY A=) 0] 4574
F-5 o] gt AR dRE-E A H = ATP A
< A3 FIe] 7] g shte] AL 02 ATP
E A EAH 0= o] 4-3ted GSH A& FAA A=
Zolch ¥ Ay o vt-g FFol ttAstg o ulz}
GSH &x o gt nAxt8-0 2 Aje] Zrlgd e
AR o] retinyl acetate FF 22 GSH ko] 7}
A Z7 = et

o 2tx=3e] Zn, Cu, Sex} Fe &gk

A Zn 2 ol Foi o FAll vl A A
HF3} retinyl acetate 41 3] Fo) pair-fedell vls|A &
gom Uz FL foAHd AE gAY Ik, g
ZAUY A & A& Fof o] pair-fed Fofl vl a4 2
ko] 2ta® 73 gFol it} (Table 6, 7).

FAAQ AB& Fode 244 Zng v E3} Se
F Cuf FaE 2Astded o2 it Zno] o
=g Al 34 2 AT 0278 27] AL A A7)

Table 6. Effects of vitamin A and ethanol administration on the levels of plasma Zn, Cu, Se and Fe in rats (ug/ml plasma)
Group Zn Cu Se Fe
FE 19.01+ 5.70™ 4.31£1.74 1.36+0.24¢ 9.80+0.76*
FP 9.94+ 0.10° 4.43+0.50° 1.49+0.14¢ 5.861+0.49
BE 15.59+ 2.65¢ 3.28+0.06" 0.97+0.15¢ 7.08+0.17°
BP 18.24+ 3.77" 3.82+0.06™ 0.96+£0.12¢ 6.804:1.18>
RE 36.60+£10.44° 2.90+0.97« 2.09+1.56° 4.9140.47*
RP 17.30+ 3.47> 3.92+1.12* 1.90+0.41° 5.06+0.78°
RAE 13.82+ 1.98° 2.69+0.10¢ 3.62+0.09° 4.494£1.91°
RAP 20.39+ 5.40° 2.28+0.18° 3.16x1.09° 6.514£0.98>
Means+$.D. (n=8)
~Values with a same superscript letter within the same column are not significantly different (p <0.05)
Table 7. Effects of vitamin A and ethanol administration on the levels of liver Zn, Cu, Se and Fe in rats (ug/g liver)
Group Zn Cu Se Fe

FE 21.19+ 4.49¢ 3.38+1.19* 1.43+0.21* 90.81+ 9.52°
FP 25.94+ 6.08™ 3.74+£1.78" 1.69+0.72> 89.93+10.01*
BE 2019+ 2.27¢ 2.56+0.71" 1.63+0.64* 83.44+ 9.07*
BP 29.20+ 6.07* 4.09+£2.15* 1.31+0.43° 76.70£12.25%
RE 29.29+ 7.75* 3.34+2.51® 1.69+0.84* 76.52+16.80"
RP 33.01t 4.99° 4.43+£1.25° 2.17+0.74° 66.89+18.00
RAE 23.47+ 2.63¢ 2.30+0.71° 1.45+0.66* 69.80+£10.96
RAP 31.71+10.90* 2.76£1.50" 1.58+0.82* 61.67+ 9.48¢

Means+S.D. (n=8)

_ *“Values with a same superscript letter within the same column are not significantly different (p<0.05)
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£ 342 superoxide dismutase®] A A3} glutath-
ione-S-transferase A 2] %, 18] 3 4ks} djA}
AHEQl -SH7] Abste]] o] &Rl ol wheba] deluiA Hr}
(9). £F Zne& HY F9] glol o] AL LZH
= XA Y] B E A ALS P A g o2 A At
o Fash 1% +del DA Y42 $o A
(35). AA = ZnL in vivo A Y A Fe'*ol] ]34 eryth-
rocyte ghostsell Z7H8l A A 7AtsHE Fek-& 23}
k= Ze] PYEHGTH3E6). o] = Zne A3 T
0124l Cut} Fed] Z3HH M M2 AAH o2 W&
sled Zo] Yiel 27 FHAbEuES-S AAAAA A
3t ZAFS A (37). 28 T o529 F dabEa A
alcohol dehydrogenase®] 74 842 AF4-3le] ofghE-
HALE (&3 3hs A 22 el (38).

Zng ogt-&te] A3ukS- o] oo = ulebyl A TjA}
o = B = =1 retinolL £4FSHE retinol binding pro-
tein®] FA QA2 24310 Zne] YR Ae]F F 4
Al FF A A& 9 retinol binding protein A3t At
27 A A o E 22 22 9] ulElyl A o] Fof FA
7} ARk Aotk (39). WabA] o sk Foio} nl el
A ¥ AA-7 FFE AW Zn BFY S 234 "ot
E A= ARES F9A47 FolA AU 6A
< AT AT BolA ko) 7 2AqAE dvt
£ TR AaFEG L o2’ A A AnAE
Hhe- AFAS By ’

YA 7k 23] Cu ke o5& Fof 73 pair-
fedT Abe]ell 213 <l pol7}t glort 7F =AW Cu §
FE o gh2-& FJ A7) ZE FellA A= %} (Table
6, 7). Cus AWA F2 413}, A FA R
2 Zo)As} A A3 vhg-2] Qa1 02 & AAA
7)+ superoxide dismutase?] FAAAE 2 283l
Aoz ¥l 9). 53] Cut Fer*o]Lo] Feto]l &
o2 AFE e Bajt 44 ferroxidased] 243
5202 4ol DA Fe bl TR e
< g gebA Curt A9 s Aol & FFAE 2% 7
ojv} Al 23] oA Fed] 35+ FAE FE v}
o]z R &t A5 o] XAHAFF--E FRA) T
ez By ch(37). ¥t olu)z} Hammerlluer = (37)
< Cust Zng FAY APARAS o 7] 7 vlelmaeg
oA cytochrome P 4502] 7+47} glglom o]7le] 2
&) A free radical®] A B-73 2.2 23415} ul-2-o0]
221 5vh 2 89 5, Kontush 5 (40)-& Cu LDLe| A
a4 AEube-& 231 A1 ckw et e 2 A
Pl zZnd] &% FUdT ARz A=A

A g BelA ehgkont b A oA oll7hgell
28 A] st

YA Se k& 13-cis-retinoic acidS A 3§ Tl
A 743 ¥-& ke B-carotened A A Tl 7R
32 3eke Bgic}(Table 6). 7+ ZAY A= o &g
Fel A7 FA4A Aol fehiA] ¥gte, g-
carotene o] Lol 4 Se FFo] F7ts ol et o)A o]
A& egteh(Table 7). Se 71 FHAHEol vt H202&
7452 A 7= GSH-Px &40 74 A¥oz A
FAkE7)| 7o) 227 FA L2 24314 H}(38). A)
o] 9] Se o2& GSH-Px ¥A Eof} 3 3-& wlAl=] A
Se grago] & 7% GSH-Px BA 2= q17}s8}A] A4
R Ao] & Se oF> A A A4S} uk-g-of iy} Hhol
AAZ FL3Pch(37). AAW Se FF-L 2 F-2HE
=& At Ao oA AFaEed Qabd 2em 9
et AFrt A=A = dot ¢FA 3 AAE
43 e FAY AS YF9 Se It o w3
GZol 27 7} 7155 £4bo] §la et A s
Hete 39 Se Fxrt AA 3] Azl Ao by
ZH(14). 2 40L& Se 2]&3 GSH-Px& o2l 2]
T A A 45} HEg-ol o] 45l n] o]} Sed] 2w FAl
57] g&olct. et F9] A9 oekge] Sed 2t
e A L) A& ASIAAA 249 Se el
olxlche = v} E 71 A™e] A= AT (41). E£3) g
ol 2§t A Ak} ub-g-oll glolA] GSH-Px A Ev
= o} g FAA - GSHel| 21zalA w3l AL
vebtc}(33).

B Fe k- o9& Fo ot FA vlel A A
HT} B-carotene AAH TN F7lE %o, 7k 23
el A& o2& F93 A AP TN 7
(Table 6, 7). AW A Fe2 hydroxylase?] T4} 8.4
2A] ANFAFgo Bdgich42). 2} Fed Fe +02
9} ¥h-g-3}4= Haber-Weiss WH-8-& £ -8l 4] free radical®)
A& FA 3t A A4S} WHE-S FUA )= AR}
2 243} (38). Fer' v} Fer 7} A A A 2 AH4-dhs
AL 22U H2029} vl ehul C 520 93 255
€ ALz vepstch gzl H20:29) vlebgl Co) Fx0)
g A5 AA 4G ghgo] 2AF Y B2 FEA
< Fe's} Fer' ) FEE A3 FAAAA 239
A A A3} vEg-& A 3HA 7122 Fes} HlElR] Ce A
A ¥= H37t F2 v E Adoiz & 5 Qi
(38).

Situnayake 5 (8} o &h-&-A 7t &AL Fed] 42
2 Ao o®hE-S A2 2H 9] A EFqA R
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Fes] gtako] Zrls& AL BAYc). 22} o224
7t &44o] U E F ZhellA] Fe tiAZL AR o] Fo]
A A ot ZF AW Fed] & o] F7hE oA A At
3} ko] AP the A% lcH(43). F 54 ¥ Fe)
greFo] S71g o wheba] FAE} uh-go] FAlE o b &
o] % 7Hgsrhe Aolt}. vt ofrf 2} Fed B-caro-
teneo] retinol 2 2 31 &= #A o] B-o3}e] viElnl A o
Al A A 23 A Aol Fed] AL} wba)
=lo} #3F Feo] ¥ A ¥ 5& PUste A
2 Gl 44). F2 vkl A FEA 22 FE Fe
) 4-& A5 A&l wiekel A7t AL 790
7t z2AW A& Ferl A== ubde] Yo X h
A5, dh 2 vlehd A7} ) d el Yo
ZAY A BF ZFaE e 1o veidel(15,44). &
AYelA e olbge FFL2 FHIAE g2t
ZA W Fed} ZAo] dejyron) ojaigt A= x| A}
Absh whe-nt A4 A2 AR

(] ok
pel =

B AT A A o g Fo] 6l o g =AY 34
3} ook ko] wis}el st wielwl A Hed F
A TG ZAEaAL AAE o) A 5-E-2 Sprague
-DawleyE 3 83 F AH4slg o =g 3+
A of] vl e}ul A A G (FE), B-carotene A 37 (BE), reti-
ny! acetate 41 3 (RE) L8] 3L 13-cis-retinoic acid 4] 3
T RAET o et-g Al 59 D3-S sucrose o B T+
A1) 2479 pair-fed® 5 25 8T LEZ o) 73 &
t AR Aol & FF3tslch. FALs) A= vlEnl E,
C, glutathione 18] 3 §-7]4 §F2Fe] ¥4& F3A ol
Eh-g-of] o3} M3l = AW A3}t o oFa Al g} o]
of ulekgl A9} Feld gof AAE el obg 72
< A5 4t € a-tocopherol gL /&
Fo 2 7taE gl o 7 AW o) M B-carotene 4] 4
Tube] ub ghekg m gk a2y} 7k 2] tocopheryl
acetate 32 pair-fediZoll B A o8& F 2 A
3} A st st @A 7 22 Y| o A ol et-& Fod o 9
%t w]elul E §hek 74 retinyl acetate TF22 1 3}
2 =7} 73 A sk ich A S vlepl C g
gt Fol 9} F-Al o] B-carotenee]r} retinyl acetate 41
#ito] pair-feditel Bl3|A Yt os] 43 4351y
Bl e}l C e = ol eh-& Fo 2 gk o} B-carotene
+ AHAA Take] =A el 2k 22 & v)g
q] C &gk 13-cis-retinoic acid A1 & A3 A F

A ofEte Fo 2 Zris gl o] A3l AksE v
gl C ¥l A5-E FHT 5 B-carotened A H AR
< 9 71 =itk 7 23 & glutathione ek o
& FFT 3 pair-fedd Abelell f-2lH Q) 2fel & Be)
7 dghot Ay Abs}e) o) kvl e ot S
3} F-Al 4] retinyl acetater} 13-cis-retinoic acid 4] 3] &
oA pair-fedZell Hla] =gkl AW Zn, Cu, Se, Fe
3ekL- o) eh8 Fo 73} pair-fed Abolel] A& A 3k
£ Holx] sigront 7+ A Zn, Cu §Hee 58 F
o2 2tA" Wb Fe Fek2 ZrlE 9l o) Ast
EE Hol &2 A A} ok Al W
Zgte vlell A9 TFo Y- 2k opel eEpE A
FHell o)A FAars} JoF Azl HstE 5 e A
L2 vepgr} aev AR 4k GRS AR
e e e R R - 1 e B S P e
B z}zhe] }absl Aok A Wl i’ A&t 7]
A 3L e g4l 47 s 7" m B 4
At et A A AAE o) 23 AW akE ok
A AHE A3ARA] AN & AFA dE
Tl 2’ 3HArEL kA FE ) Ahae A2 vlet
1l AZ retinyl acetate el 2 A H AR o oha A7
HE o2 vepygd.

ZAbel 2
¥ ATE 19949 % dddista ge dF 2499

L33tA G oF o] (A 3 941-0600-020-2)0]]
A5 A3 A5t d o] o] FAL=F ).
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