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Effect of Dietary Supplementation of Vitamin A and Chronic Consumption
of Ethanol on Oxidative Damage and Antioxidant System in Rats
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Abstract

Alcohol is well known agent which can damage the human tissues such as liver via stimulating lipid peroxidation.
On the other hand, carotenoids in addition to vitamins A, C and E play important roles in protecting these oxidative
damages as well as preventing the production of free radicals. This study was carried out to investigate the
effect of dietary vitamin A on lipid peroxidation and antioxidants status in ethanol-treated rats. In the experiment,
male Sprague-Dawley rats weighing 160~ 180 g were given a liquid diet containing 36% of total calories as
ethanol for 7 weeks. The pair-fed control rats received an isocaloric amount of diet containing sucrose instead
of ethanol on the following day. Additionally, the liquid diet contained adequate amount of B-carotene, retinyl acetate
or 13—-cis-reainoic acid except vitamin A-deficient diet. The results obtained are as follows. The levels of plasma
and hepatic lipid peroxide were increased after chronic ethanol feeding in rats. Retinyl acetate supplementation
significantly reduced lipid peroxidation induced by ethanol feeding. Glucose 6—phosphatase activity was significantly
reduced in rats fed vitamin A-deficient diet with ethanol and alkaline phosphatase activity was significantly
induced in rats fed 13-cis—reinoic acid diet with ethanol. Catalase and alcohol dehydrogenase activities did not
show a consistent tendency in experimental groups. The hepatic antioxidant enzyme activities were no significantly
changed by chronic ethanol feeding groups. The striking decrease in conversion of B—carotene to retinol was observed
in rats fed a B-carotene diet with ethanol feeding. The level of retinol and retinoic acid in plasma and liver was
decreased after chronic ethanol administration. Based on this result, these data suggest that ethanol feeding
enhances oxidative stress especially in those fed a vitamin A-deficient diet, and vitamin A supplementation,
especially, retinyl acetate intake can prevent enhanced lipid peroxidation and related damage to some extent.
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Table 1. Composition of basal liquid diet

Compositi Concentration

omposition (g/L liquid diet)

Casein 414

DL~-methionine 03

L-cysteine 05

Corn oil 8.0

Olive oil 15.0

Sucrose'’ 155.0

Mineral mlxture 9.0

Vitamin mixture” 2.55

Choline bitartrate 0.53

a —Cellulose 10.0

Xanthin gum 3.0

Ethanol 0

“Replaced by 65 g of sucrose and 50 g of ethanol in the ethanol
diet.

“Mineral mixture (g/kg mix) according to AIN-76: Calcium phos-
phate, dibasic 500.0, zinc carbonate 1.6, sodium chloride 74.0,
cupric carbonate 0.3, potassium citrate, monchydrate 220.0,
potassium iodate 0.01, potassium sulfate 52.0, sodium selenite
0.01, manganese carbonate 3.5, chromium potassium suifate
0.05, magnesium oxide 24, ferric citrate 6.0, sodium fluoride 0.06,

_sucrose 117.

Vitamin mixture {mg/100 g mix.) according to AIN-76: Thia-
min - HCl 60, D-biotin 2.0, riboflavin 60, cyanocobalamin 0.1,
pyridoxine + HCl 70, a -tocopherol acetate 367.6, nicotinic acid
300, cholecalciferol 0.25, D-Ca pantothenate 160, menaquinone
0.5, folic acid 20, sucrose 95.451 g.

Table 2. Experimental design (per 2 L liquid diet)

G I Vitamin A level Ethanol
roup (mg) admunistration
FE - +
Fp - -
BE 110 +
pp 110 -
RE 18 +
RP 18 -
RAE 10 +
RAP 10 -

UFE: Ethanol group with vitamin A deficient diet.

FP: Pair-fed group with vitamin A deficient diet.

BE: Ethanol group with B-carotene supplemented diet.

BP: Pair-fed group with f-carotene supplemented diet.

RE: Ethanol group with retinyl acetate supplemented diet.

RP: Pair-fed group with retinyl acetate supplemented diet.
RAE: Ethanol group with 13- cis-retinoic acid supplemented diet.
RAP: Pair-fed group with 13-cis~retinoic acid supplemented diet
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Table 3. HPLC conditions for the determination of vitamin A

B-carotene Retinol Retinoic acid
Instrument HPLC (Waters 6000A) HPLC(Waters 6000A) HPLC (Waters 6000A)
Integrator Young-in D 520A Young-in D 520A Young-in D 520A
Column B Bondapak Ciz B Bondapak Cx U Bondapak Ciz
(30 em*x3.9 mm, 10 pm) (30 em*x3.9 mm, 10 pm) (30 cm*3.9 mm, 10 pm)
Detector UV 436 nm UV 280 nm UV 313 nm
Mobile phase Methanol : Acetonitrile : Chloroform Methanol : H.O Methanol : Phosphate buffer (pH 7.2)
(47 :42:11) (95:5) (98:2)
Flow rate 2.0 mL/min 1.5 mL/min 1.0 mL/min
Sample injection 100 uL 50 uL 100 pL
Attenuation 0.01 0.02 0.02

Chart speed 0.5 cm/min 0.5 cm/min 0.5 cm/min
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Fig. 1. Effect of vitamin A and ethanol administration on the =
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Table 4. Effects of vitamin A and ethanol administration on plasma and liver alkaline phosphatase, glucose-6-phosphatase

catalase and alcohol dehydrogenase activities in rats

G b AP G6P Catalse ADH
roup unit/mL plasma nmole/mg protein unit/mg protein nmole/min/mg protein

FE 782+ 887 535t 1.7° 105+5.0° 13415
FP 7B.4% 9.2 75.4+11% 14.2+2.2% 11.5+2.7°
BE 766+ 957 73.3% 88" 157134 13126
BP 523+ 90° 765+11.1% 12.7+52% 145143
RE 706+ 89> 73.6£12.3° 17.1+4.1° 121+1.1°
RP 59.7+ 7.9°% 89.8+12.8 13.1+1.1% 11.7£3.7°
RAE 90.8*13.0° 666+ 88> 13.1+62% 13.3+9.4°
RAP 55.8+11.8% 643+ 9.1™ 16.4+6.8¢ 75+12°

")lSee the legend of Table 2.
“'Means =SD (N = 8).

*Values with a same superscript letter within the same column are not significantly different (p<0.05).
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Table 5. Effects of vitamin A and ethanol administration on
liver SOD, GSH-Px, and GST activities in rats

GSH-Px

< b N N ~OoT
Group 50D unit/mg protein GST
FE 144+ 56" 28.2 +55" 1315+ 355"
FP 174+ 4.4™ 197+ 26° 120.8 + 22,9
BE 135+2.0° 221 155" 146.7 + 30.4°
BP 20.0 +4.7° 206+ 39' 110.4 t 32.8™
RE 184+5.3™ 259+83" 10951 19.9™
RP 256+4.3 20.6+4.8™ 954+ 17.8°
RAE 209+6.0" 184+51¢ 1321+ 456"
RAP 134+43 22.0+59% 93.9+29.6°

"See the legend of Table 2

“Means T SD (N=8).

"Values with a same superscript letter within the same column
are significantly different (p<0.05).
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Fig. 3. Effect of vitamin A and ethanol administration on the
level of liver B-carotene in rats.

Group: See the legend of Table 2.

Values with the same superscript letter are not significantly dif-
ferent (p<0.05).
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Fig. 4. Effect of vitamin A and ethanol administration on the
level of plasma retinol in rats.

Group: See the legend of Table 2.

Values with the same superscript letter are not significantly dif-
ferent (p<0.05).
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Fig. 5. Effect of vitamin A and ethanol administration on the
level of liver retinol in rats.

Group: See the legend of Table 2.

Values with the same superscript letter are not significantly dif-
ferent (p<0.05).
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Fig. 6. Effect of vitamin A and ethanol administration on the
level of liver retinoic acid in rats.

Group: See the legend of Table 2.

Values with the same superscript letter are not significantly dif-
ferent (p<0.03).

o er-2of 2§t AW 13-cis-retinoic acid &= H3}=
S.D.A HAA 36% Aer-E AA 2 o] 5 ghgd Fok TFAR)
AT A= F7he vk 7F F 3] ol A

= dqA43 Za=Edod ol 2R o 4] ol 'k-gell o &l f
=35 P450¢l 284 retinoic acid #3817} Ao dond
Axg ¥ = oh45). 2l in vitro A3 el A retinoic
acide= Fe”' 2} ascobic acidoll 23] A= A A 7413} 5-&
retinoic acid?} A A A2 1 A3 32AW retinoic acid &
gro) 2B U172 e ot Alam S(46)L in vive A
oA retinoic acid 3702 2388 A\ A3} ake =
7EA Aty g3 2 A2 olwk2-3 24 retinoic
acid® ¥F#3 RAETS 224 ] A A s}4bks-E 3)eke] of

T E 7| RobE ol gh-goll Yal 55 P -2 F3HA

ol 9le Ao 2 F=5v o ek-go 23} retinoic acid 7+A

Ao 2 A&l AL retinoic acidd] ¥FFF L8 7t
d

W retinoic acid &% A3 A4S B3 E 4 sisdch

it

Q ok
e =

2 A= =S g3t 5 Yot A A4tz
of 2gt 7t =AFs} o] ofl th 3} B-carotene, retinyl acetate,
13-cis-retinoic acid®] A& w|iL - B3}zl A A =gl
ot @AW MDA §3F2 o 5hg Foi - vleld AE 24
70 FET ¥ B-carotenes FH 3 BET ol M= 2hAs 2] &
k2l retinyl acetate®} 13-cis-retinoic acid Z&F 4 7] RE
T3 RAET A ZH2:sdet. 2t vl EE=2]oh] MDA §
g2 o’k R FoT F FETIH BET A & ¢34 24l
ol qtal RET# RAET M= 42 58 2y} os-&
wig-of <l pair-fed TEof41 & vt A g AL FP
T-of| B] 8] B-carotene™ retinyl acetate S 27t -&F & P}
RP+2] MDA 3tef-& 4}4-3}9d =l "hsll retinoic acid& &
F8 RAPT S MDA +&-& 2ol & Rolx] obshrh A4
AP #Ax = owt&3} §7 b-carotene® retinoic acidS
FFAA TAA D79 pair-fed Tl B]SHe] ¥ B LS
Byon gt vtelag syl GOP SAEE dwhe FAE 5
vletal A ZHEW pair-fed 7ol Bl8] FoH oz 7H4H
slow vieln] AE B3 A7 doll= A4 27} S71El9dd
Zb Aol EZU] SOD #A =& oleh-E Foo 3 vleknl

S A A7 Foll w18 13-cis-retinoic acid& FFA4
o] 7FA Egker pair-fed 7+ oA+ retinyl acetate
FFTAM M e B AEE By 7} Ajol 22
SH-Px &A= ofeh-& 39335 pair-fed 7 Abo]o} o7
g Ak o 7F Aol EEY GST A4 =+ oete
HF9F & B-carotened} retinyl acetate -&F7o| 272
pair-fed 7ol 8]3] S7}E it 2222 W] B-carotene I

)



< B-carotene, FFTAlARt HE
pair-fed Tof| ¥]3) 60 = F& &
A W retinol 3eFE of| &g Fof
Hlebel A 3 3 retinyl acetate

Z3) Y retinoic acid 8k o &2 Fo

i

1. Nordmann R, Ribiere C, Rouach H. 1992. Implication of free
radical mechanisms in ethanol-induced cellular injury. Free
Rad Bio Med 12: 219-248.

2. Lieber CS. 1994. Alcohol and the liver. Gastroenterology 106:
10851105,

3. Bailey SM, Cunnighm CC. 1998. Acute and chronic ethanol
increase reactive oxygen species generation and decreases
viability in fresh, isolated rat hepatocytes. Hepatology 28:
1318-1326.

4. Kato S, Kawase T, Alderman ], Inatomi N, Lieber CS. 1990.
Role of xanthine oxidase in ethanol -induced lipid peroxidation
in rats. Gasteroenterology 98 203-210.

5. Lieber CS. 1990. Interaction of ethanol with drugs, hepato
toxic agents, carcinogens and vitamins. Alcoholism 25: 157-
176.

6. Yamada S, Mak KM, Lieber CS. 1985. Chronic ethanol con
sumption alters rat liver plasma membranes and potentiates
release of alkaline phosphatase. Gasteroenterology 88: 3364
3371.

7. Cederbaum Al 1989. Introduction: Role of lipid peroxidation
and oxidative stress in alcohol toxicity. Free Rad Bio Med
7 537-539.

8. Chang NS, Rvu SM. 2001. Antioxidative effects of green
tea powder diet against ethanol-induced oxidative damage
in rat brain regions. Kor Nutr Soc 34: 525-531.

9. Mates JM, Perez C, Castro 1. 1999. Antioxidant enzymes and

human diseases. Clin Biochem 32: 595-603.

Wolf GG, 1994, Vitamin A and health disease. Am J Clin Nutr

60: 796-800.

Wang XD, Krinsky NI, Benott PN, Russell RM. 1994. Bio

synthesis of 9-cis-retinoic acid from 9-cis-B- carotene in

human intestinal mucosa in vitro. Arch Biochem Biophysi

313 150-155.

. Krinsky NI. 1989. Antioxidant functions of carotenoids.
Free Rad Bio Med 7 617-635.

. Joh SH, Cho MH, Lee SH, Woo KM, Chang Y]J, Kim CS.
1997. The effects of B-carotene on the enzyme activities in
ethanol-administered rats. J Soonchunhyvang Med Coll 3
325-335.

. Samokyszyn VM, Marnett LJ. 1990. Inhibition of liver mi-
crosomal lipid peroxidation by 13-cis-retinoic acid. Free
Rad Bio Med 8: 491-496.

. Lieber CS, Decarli LM. 1986. The feeding of ethanol in liquid
diets. Exp Fes 10: 550-553.

. Ohkawa H, Ohishi N, Yagi K. 1979. Assay for lipid peroxides

o1}

10.

11.

Aol A A

17.

30.

31.

32.

33.

34.

36.

4z st A A W= e 285

in animal tissues by thiobarbituric acid reaction. Anal Bio-
chem 95: 351-361.

Kwak CS. 1991. Effect of dietary fats on lipid peroxidation,
drug-metabolizing enzyme activities and eicosanoid produc-
tions in 2-acetylaminoflurene-treated rats. PhD Thesis.
Seoul National University.

. King PRN, King ET. 1934, Estimation of plasma phos-

phatase by determination of hydrolyzed with amino antipyrene.
J Clin Patho! 7. 332-339.

. Aebi H. 1974. Catalase. In Methods of enzymatic analysis.

Begmeyer HU, ed. Verlag Chemie, Academic Press, USA.
p 673-684.

. Koivula T, Koivusalo M. 1975. Different from of rat liver

aldehvde dehydrogenase and their subcellular distribution.
Biochem Biophysi Acta 397: 9-16.

. Winterbourn CC, Hawkins RE, Brain M, Carrell RW. 1975,

The estimation of red cell superoxide dismutase activity. J
Lab Clin Med 85 337-344.

2. Paglia DE, Valentine WN. 1967. Studies on quantitative an

qualitative characterization of erythrocyte glutathione per-
oxidase. Lab Clin Med 70: 158-169.

. Lawrence RA, Burk RF. 1976. Glutathione peroxidase ac-

tivity in selenium-deficient rat liver. Biochem Biophysi Res
Comm 71: 952-938.

. Habig WH, Pabst M], Jabby WB. 1974. Glutathione-S-

transferase. The first enzymatic step mercapturic acid for—
mation. J Bio Chem 249:. 7130-7139.

. Shapiro SS, Mott DJ, Machlin L]. 1984. Kinetic characterics

of carotene uptake and depletion in rat tissue. J Nutr 114:
1924-1933.

. Bieri JG, Tolliver T], Catilgnani GL. 1979. Stimulation de-

termination of tocopherol and retinol in plasma or red cells
by high pressure liquid chromatograph. J Clin Nutr 32: 2143~
2149,

. Furr HC, Amedee-Manesme O, Olson JA. 1984. Gradient

reversed phased high-performance liquid chromatographic
separation of naturally occurring retinoids. J Chromato 309:
299-307.

. Ahmed S, Leo MA, Lieber CS. 1994. Interactions between

alcohol and B-carotene in patients with alcoholic liver
disease. Am J Nutr 60: 430-436.

. Leo MA, Kim CI, Lowe N, Lieber CS. 1992. Interaction of

ethanol with B-carotene: Delayved blood clearance and en—
hanced hepatotoxicity. Hepatology 15 883-870.

Seifter E, Mendecki ], Holtzman S, Jakob D, Kanofsky JD,
Friedenthal E, Davis L, Weinzweig J. 1988. Role of vitamin
A and B- carotene in rediation protection: relation to anti-
oxidant properties. J Nat Can Inst 41: 357-368.

Cheng LL, Wilkie D. 1991. Mitochindrial activity and cyto-
toxicity of vitamin A (retinol) in yeast and human cell
cultures.: Protective effect of antioxidant. Biochem Pharma
42: 12371244,

Tomkins A, Hussey G. 1989. Vitamin A, immunity and infec-
tion. Nutr Rev 2. 17-25.

Seifert W, Bosma A, Brouwer A, Hendrinks HF], Rogoll
JM, Leeuwen REW, Thiel~-ruiter CF, Seifert-Bock I, Knool
DL. 1994. Vitamin A deficiency potentiates carbon tetrachlo-
ride~induced liver fibrosis in rats. Hepatology 19: 193-201.
Halliwell B. 1994. Free radicals, antioxidant, and human
disease: curiosity cause or consequence? Lancet 344: 721~
730.

. Chedido A, Mendenhall CL, Gartside P, French SW, Chen

T, Robin L. 1991. Progestic factors in alcoholic liver disease.
Am J Gastroenterology 86: 210~218.

Lieber CS. 1991. Medical and nutritional complications of
alcoholism: mechanism and management Plenum. Med. Book.



286

37.

38.

39.

40.

o
O

Com., New York, USA. p 512.

Aihas AA, Lavassoli M. 1991, The effect of ethanol on the
uptake. binding and desialylation of transferrin by rat liver
endothelium © Implications in the pathogenesis of alcohol-
associated hepatic siderosis. Am J Med Sci 3011 299--306.
Avkac (5, Uaual M, Yalcin S, Kocak toker N, Suvas A, Oz
H. 1985. The effect of chronic ethanol ingestion on hepatic
lipid peroxide, glutathione, glutathione peroxidase and glu-
tathione transferase in rats. Toxicology 36: 70-81.
Rieher C. Sinaceur J, Nordamann JA, Nordmann R. 1985
Discreptancy between the different subceullar activities of
rat liver catalase and superoxide dismutase in response to
acute ethanol administration. Alcohol & Alcoholism 20:
13 21.

Speisky H, Macdonald A, Giles G, Orrego H, Israel Y. 1985.
Increased loss and decreased synthesis of hepatic gluta-
thionine after acute ethanol administration. Biochem J 225:
265-574.

v

41.

43.

44.

Halsted CH. 1980. Alcoholism and malnutrition introducing
to the symposium. Am J Clin Nutr 33 2705 2713.

2. Leo MA, Lieber CS. 1983. Interaction of ethanol with vita-

min A. Alcoholism: Clin Exp Res T 15-22.

Lieber CS. 1994. Alcohol and the liver. Gastroenterology
106: 1085-1094.

Rosenblum ER, Gavaler JS, Van Thiel DH. 1987. Vitamin
A at pharmacologic doses ameliorates the membrane lipid
peroxidation injury and testecular atropy that occurs with
chronic alcohol feeding in rats. Alcohol & Alcoholism 22:
241-250.

. Lieber CS, Garro A, Leo MA, Mak KM, Worner T. 1986.

Alcohol and cancer. Hepatology 6: 1005-1014.

. Alam BS, Brown LR, Alam 5Q. 1990. Influence of dietary

fats and vitamin E on plasma and hepatic vitamin A and
B-carotene levels in rats fed excess B -carotene. Nutr Can
14: 111-119

fns

(200243 129 102 A4 20039 24 214 A=)



