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ABSTRACT

Chronic alcoholism is considered a common cause of malnutrition. Especially, micronutrient deficiency may play a
critical role in the incidence of alcoholic liver diseases. This study was conducted to investigate the effect of folate
deficiency and ethanol consumption on cholesterol metabolism and the antioxidative system in rats. Plasma con-
centration of total cholesterol was increased by ethanol administration in folate-fed rats. HDL-cholesterol tended to be
higher in the folate-fed group, but it was not significant. The plasma and hepatic levels of malondialdehyde were
increased after chronic ethanol feeding, but dietary folate depressed the plasma malondialdehyde content of rats.
Ethanol or folate feeding did not significantly change alcohol dehydrogenase activity. But folate feeding increased
catalase activity in ethanol-fed rats. There was no significant change in superoxide dismutase activity among the
experimental groups. Glutathione peroxidase activity tended to decrease by chronic ethanol feeding, but dietary folate
did not affectthe glutathione peroxidase activity of chronic ethanol-fed rats. Glutathionine-S-transferase activity was not
affected by ethanol feeding or folate deficiency. The plasma and hepatic levels of retinol decreased after chronic
ethanol feeding. The hepatic level of retinol significantly decreased in ethanol-fed rats by folate deficiency. The plasma
level of a -tocopherol tended to be low in the folate deficient group with ethanol feeding, but there was no difference
among the experimental groups in the hepatic level of @ -tocopherol. These results demonstrate that chronic ethanol
consumption changes the plasma cholesterol metabolism and antioxidative system of rats, and optimal folate feeding in
ethanol-fed rats exerts protective effects to some extent. (Korean J Nutrition 36(8): 801 ~810, 2003)

KEY WORDS : ethanol, folate, lipid peroxide, retinol, @ -tocopherol.

29 S HEAA olE Fea A7t EFIAT
N E 1 FAME ofehE thARHEQ acetaldehydelyt 2|23t
322 nlelnl AL} GAke] BEHE 24A A doa

RHAQL elgke A GAE BIERD A, 0}?‘;, HER  FRE A7 BF IRAAEHRIS AAIISE
2 v g ARl o, &% 1Y 237 L ASAA A8 d¥aY FHE HFe Ao v

23ta FH|9 ol TO7 U3 ojE I kisl 23t gl BTt
) At a8 ofetel] g bz 4L g EI o' e 407 d9es XA

\g_la%o] %:_9_3]_7]] BHEEY o]o]] 3’]—)\}§]_ oJorao] AAs F
Aed 1 2003d 7€ 1Y
Aedl 20033 8¢ 12

Foz 2] ZFsstie Bt gRY & B e

*This research was supported by a grant (HMP-97-F-3— 4%t 7tZ2A0A AYdALE A3l 7)1 o|ehE thre}
0013) from the Good Health R & D Project, Ministry of Health & A vke T BEY FAAAY WeE sl 7

Welfare, RO.K.
$To whom correspondence should be addressed. S AsAFIAl Eoh

© 2003 The Korean Nutrition Society



802 /94 ¢ 2=ZE A%

ot

Pkt

Halsted 5”& 7tzZo] oflgk&z ake] dialel] 2
A&S 3y, AT dekE MFe dAs 3%
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3 Jok? da@ e EE o] 85 in vitre ATl 9
3P, TRAZHRJIS YHAEAA HO, 88E& F7H
Zogn EXNFHE Jepion atstAe] Age F9
2 g AAnaralE X5k 2oz et A
ATFAME At AH7 AZRE o 83 SRAAHR] &
=7} 57HE0 3, A-HEERe] A EQ) malondialdehyde ]
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1. AEEE W A9|

B2 o] AR AP EEL Sprague—DawleyF =7
24 #40] 2389 A RE 22+2T, §% 55+1%,
Z 08 : 00~20 : 00) oIl stainless steel cage®l &t v}z
A 225t FalFo] < 200 g 2 WA THAIEZR AL
3t SF A T3F AP 2ol= Lieber$} Decarli®7}t
Q15 MA Mol & Z[E0F g Ao]|2A AFAo] 1 mLF
1 kcal® 5319 (Table 1), AL 358 & (0.5 mg/

Table 1. Composition of basal liquid diet

Composition g/L liquid diet
Casein 41.4
DL-methionine 0.3
L-cysteine 0.5
Corn oil 8.0
Olive oil 16.0
Dextrin-maltose” 153.0
Vitamin mixture® 2.55
Mineral mixture” 9.0
Choline bitartrate 0.53
Fiber 10.0
Xanthan gum 3.0
Ethanol” 0

1) Dextrin-maltose content in experimental liquid diets: 153 g/L
for pair-fed group, 64 g/L. for ethanol group

2) Vitamin mixture ingredients (mg/1000 kcal): Thiamin - HCI
1.630, D-Biotin 0.510, Riboflavin 1.530, Cyanocobalamin 0.026,
Pyridoxine - HCI 1.785, a-tocopherol acetate 25.500, Nicotinic
acid 7.650, Vit Ds 0.638, D-Ca pantothenate 4.080, Menaquin-
one 0.383, Sucrose 2.500, P-aminobenzoic acid 12.500, Inositol
25.000

3) Mineral mixture ingredients (/1000 kcal): Calcium phosphate
4.5 g, Sodium chloride 0.666 g, Cupric carbonate 0.090 mg,
Potassium citrate 1.980 g, Potassium iodate 0.090 mg, Potassium
sulfate 0.468 g. Sodium selenite 4.950 mg, Manganese carbo-
nate 0.032 g. Chromium potassium sulfate 1.062 g, Magnesium
oxide 0.216 g, Ferric citrate 0.054 g, Sodium fluoride 0.25 mg,
Zinc carbonate 0.014 g, Sucrose 1.062 g

4) Ethanol content in experimental liquid diets: 0 g/L for non-
ethanol group and 50.4 g/L for ethanol group

Table 2. Experimental design
(per L liguid diet)

Group” Ethanol Folate
PD - -
ED 5049 -
PF - 0.5mg
EF 504g 0.5mg

1) PD: Pair-fed group with folate-deficient diet
ED: Ethanol group with folate-deficient diet
PF: Pair-fed group with folate diet
EF: Ethanol group with folate diet



1000 kcal) 2 F53HA] 92 702 Wit (Table 2). ©]
o Zt AP ZAA g 2olE FEE 13U A3
F7HIA AEHE AXA g F B AYPdolE TF3II
AeE AHE A3 Aol Aol wjAIsh] sl
36% olfbE FolTollAl 2ol& A=l FH3IL 059 1
U AR 3E2E Y 1% F o] HFHFE 71507 ofg
£ H)Fo7Ql pair—fed?olAl 22 %2 I AF
& 17Y HH o7 Ak

2. NaZzHt|

APAolE 4T ARSSE AHE 1247 BAAIY £ o
HEZ ulFst] 718 & F4 ooz Al FAP)
2 Qs BF disdelA A8ske] 3000 rpmeilA
1587 AR e)sle] 3 223 § £ —70TC
o HEsiGich 2 232 1.15% KCl ¢&8d02 A%
AA AEste] o2 AT T RS 93] AAA
A ZF 222 FAE SIS o5 URE HaM 27
7#A7] (Teflon Plotter—Elvehiem Homogenizer, USA)
g AMgsto] WdslolA 1.15% KCl ¢3¢0 10%
W) PEIEAAE UHE ohE m|EETEo), AlO|BEE, v}
YlAzE #EE BEEith nEZTeol B2 cata-
‘ase BAE S|, nlo|a2E P32 AdaaaE Sk
JolEZE B3L alcohol dehydrogenase (ADH), super-
oxide dismutase (SOD), glutathione peroxidase (GSH—
Px) ¥ glutathione—S—transferase (GST) AL =4
o ARgERATE YA 2F 22 F ¥ vl AL E 3
F9] o] o] gttt

3. B HE B 5Y

4 U F ZHAEHE $E F ZU2HE SAE kit
Embiel Co.) & AHE31e] 8% 20 pLell E2A1Y 3.0 mL
2 7lste] & Egtela 37°CN 5837 stk 587t
Aol X 2§ the 500 nmeH FFEE 35 &
4 4 HDL—-ZdAEHE 332 HDL-ZdAHE 53¢
kit (Embiel Co)E ARE3I 84 200 pLoll A7A1H 0.2
mLE 71ste) 2 E3et 3 587 A4 wx]sta 3000
rpmel 1083 diReiste] HDL-ZAHE 0]9)9
lipoproteing AAAIZCE 28 th& AR 0.1 mLE
Sto] Z2A1E 4AIY 3.0 mLek E3sla 37°ColA 587
RS § A2eA 5EzF WAE vhE 500 nmelld &3

E By

4. NENMDE B aa By B
7} 74 wlolaz o] X AMAEE S thiobar-
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bituric acid (TBA) 2} W83} A= malondialdehyde
(MDA) %= Yehd Okawa 529 WL o]&slo] =
43I3ith. ADH 842 oleh&m NAD 18]1 84948 7}
8l 340 nmelA] NADH AAae =7431915L,% catalase
YL 7 vEETEol R4 dAFES FHa Yopst
H,0, 3] & FFES] s SASIAE® 3 Al0)
EZ SOD &4 ethanol®} chloroform?] Egtio =
F2¢ JE NS 0]-835) riboflavin® photochemical &
dog AYHE 0,93 nitrobluetetrazolium (NBT) &} g
& AAske FEE 543133, GSH-Px €42 EDTA,
NaN;, NADPH, GSH, 18]32 GSSG-reductase® H7}
glo] HHE ¥R EFAE o]83l] H0, §HE Hlslo
HEAIAA 340 nmolA] NADPHY §3% 745 =%
3P ®® GSTEA L 1—chloro—2, 4—dinitrobenzene
(CDNB) & 7142 AR319] 340 nmold] &A1 mg %
1423 X35 = CDNBY nmoleE EAJSIGICH? 7hza =
o] g Ha2e Lowry 59 WO F bovine serum
albuming EF @ gdoz 3o REAFNL 7
I %E Al

5. HIE[M ASHE BT

87 retinol®} @ —tocopherol¥#S HPLCE o} &3
Bieri 5°7¢] Wil gJste] FA Fsisich @3l int-
ernal standard® retinyl acetate$} tocopherol acetate
£ ethanol2 715t 2 412 F Z}zhe] AR M-S hexane
o7 FE3 HF AENAE AUt 7ERF MR Ao
X9} 7] retinol® @ —tocopherold F-Aldl A=ksigict
% Furr 529 el oJ8le] 7hxa dAzdo) 2~3u)9
anhydrous sodium sulfate (w/w) & 7}3l0] 2z np3l o}
& dichloromethane& 713t A gjsle] HF &4
S ARk 7] HF FE AL teflon lever? syringe
(6 mL, Hamilton, USA) & AR5} pore size 0.45 g#m
°] membrane filter (Hamilton, USA) & oi}A|7] T},
FEANZ #2252 HPLCE ether : methanol (1 : 3, v/v)
2 Z}z7} 3jA17) 3 HPLCel A1z} olw HPLCY
EXZ4AL Table 33 2t}

6. A=

BE A Ail= SAS E7| packageE o]g3to] A3
T F P+ TFAAFE ARG A8 Ak gat
2497 g HFH Y TS two—way ANOVAR &4
A F FAFHLE fodol vehd 22l diside
a = 0.05 =%l Duncan’ s multiple testol] 2J&l AA

seic.
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Table 4o Bi= vigl Zo] 47|70 ©p& dd AF
Z7FEN AR EEE CRg FolTol 47e] par—fed &
B} yioky A AR @8k ¢ioich Rao $& 35%
gt dA|Ao)E 25 Bt AR FFA AT, A
oldHF] A% TAE AZTIF I TAEGT
st 2y B Ao oehg F97H pair—fedd
o] A% A3Fo] FAP O Z LR AF o]

Table 3. Operating conditions of HPLC for measurement of
vitamin A and E

F Zae] w2 ks AP FEFE wiAEISIE
Tt RETAA AFSIrEe] Wtk o)) e
3= Lieber®} Decarli®® 7} HAl2lo] HelZ 36% ok
301'?34 pair—fed:rL"ﬂﬂ] U 2 MY A
STV HasGithe AT Age FdE AFoldch
Plkaar Ve oere MR A% AFFNEY Tae
FE AL &4, Ao B T4, TBL 5L o
yzjel 4] Folgkn AWEsith ey AlssriEol
HaEE F AL Ao dHHY Hael 71 A Y
g dBs FEEuEs Q¥R ol€-2°] microsomal
ethanol oxidizing system (MEQS) el &J3) Alsl=]o] 443
= oy AR} futile cycle ¥R ARE7] w2l
Hew Husgcy®

iy e

o Condfion AFF7V) We AREEL oRE Folio] Ao
T T pair—fed o]l W3 fH o2 Zadgion) oy Pak »
. aters 6 wi
Instrument shimadzu Young in D520A 20 g3= g9k gAa AR} BEAo)rl Holx
Column pBondapak Cis  #Bondapak Cis 105770 AF77F Felole Aojd 3o Az &
Detector UV detector UV detector P F2) ?%.%.q_\i Changi’»} Kim®*” Ol HUE ¥ B
Mobile Methanol : Eluent A-Methanol : - N -
phase H,O (95 : 5) H.O (90 : 10) AgeA 43712 Jat BFo] AF F7FEOIU AlEa g
Eluent B-Methanol : THF = 2 oJ3kg u] 4 9l 717k ohd o2 ojAzn}.
H20 (65:30:5)
Flow rate 1.0 mL/min 1.0 mL/min gxl_l E.E"AE“E nl%t
Injecti -
e 20uL 20 4L ERR D iaﬂml% S Table 5o AU,
Aftenuation 0.2 0.2 Z ZE2EE g2 A ARl olleke Al <l
Chart speed 0.5 cm/min 0.5 cm/min 2Fol7t SEEHA] 9 9_1/]. xgzgggz‘\_]_}oﬂ;q% oﬂ%% /‘\j%
Table 4. Effect of folate deficiency on food intake, body weight gain and food efficiency ratio in ethanol-fed rats
Group” PD ED PF EF
Food intake (ml/day) 82.76 + 326" 81.48 = 3.6 8212 +3.01 80.62 * 3.60
B.W.G.? (g/day) 560 + 0.69% 457 +074° 568 +054° 441 +097°
FERY 0.068 + 0.007° 0.056 + 0.007° 0.069 =+ 0.005° 0.054 + 0.010°

1) See the legend of Table 2

2) B.W.G.: Body Weight Gain

3) F.E.R.: Feed Efficiency Ratio

4) Values are the mean + 8D (n=10)
5) NS: Not significant

6) Values with the same superscript letter within a row are not significantly different (p < 0.05)

Table 5. Effect of folate deficiency on plasma levels of total cholesterol, HDL-cholesterol, and HDL-/total cholesterol of ethanol-

fed rats
(mg/dL plasma)
Group” Total cholesterol HDL-cholesterol HDL/Total cholesterol
PD 63.59 + 8.53%%" 2431 = 7.51™ 0.383 = 0.101%
ED 60.82 + 29.47° 1972 £ 712 0.305 £ 0.110
PF 53.69 = 13.15° 2431 £ 9.21 0.419 + 0.096
EF 7291 £ 16.02° 23.67 + 1391 0.302 £ 0.187

1) See the legend of Table 2

2) Values are the mean = SD (n=10)

3) Values with the same superscript letter are not significantly different (p < 0.05)

4) NS: Noft significant
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7H &40 FH Rl AR, F2 oeEe] A
ot Zrgolu} trka A 28]37 cytochrome P4503 MEOS
9 2& F40] Zgor YA EE acetaldehydedt ¥
AJo) 733t free radicalsE {13k AAE L P450¢] <
3§} free radical 42 NADPHY P450 reductase®l 9
3 0, A, o]70] Fed} AZ¥ Haber—Weiss %ks-
02 OH 8 H,0,2 et olgkgo] £ free radical
B9 = O Az2E 2t vEZ=gohfell NAD/NADH
9] ZkAE Q1% 0, 9} alkaned] A Sol Y= Aow B
REQJCE? oghe MH el 23t A atskse] =
2EHA, oege] oY B5 § B ¥igso] &
f3te] JePATL® 2 A7Anela oflgkel gt A
e Fee] ) dA] oeke AdF o3 XAt
7} RIZHSE RS BAlthe AS & F vk E gaks
AFGAZ ToME BT ARIRLE o] Eskad], ol
+ Huang 50| 4o] & ake ARAI F3} o] kg
F 058 2 mgs 7 4F B FF F 126 10,
s} Fe*" & Hzlslo] A1sld AEAE 715 A, Jake
AGAZ TolAds AFaLs vhgo) 7 vhs Aokel
H|8 Aol lct

oferE tiAtaAs} FAksl BH a4 A TS Wil
Table 6o YeERISITE ADH BXEE oghe Foivs

Fig. 1. Effect of folate deficiency
on plasma (A) and liver microso-
me (B) levels of lipid peroxide of
ethanol-fed ratfs. See the legend
of Table 2. Values with the same
superscript letter are not signifi-
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cantly different (p < 0.05). MDA:
malonedialdehyde.

Table 6. Effects of folate deficiency on hepatic activities of ADH, catalase, SOD, GSH-Px and GST of ethanol-fed rats

» ADH Catalase SOD GSH-Px GST
Group nmole/min/mg protein unit/mg protein
PD 3.46 + 0.92%%° 10.11 = 1.45%® 14.38 + 1.93% 2.01 = 0.50° 098 +0.11"
ED 3.04 +0.42° 10.56 + 1.81° 13.50 = 1.56 1.49 + 042> 1.01 £ 026
PF 408 = 1.42° 8.29 + 1,50° 14.47 + 232 1.78 + 0.33% 1.03 £0.19
EF 3.17 £ 0.81% 10.34 + 1.95° 13.32 £ 199 1.25 £ 0.38° 096 +0.13

1) See the legend of Table 2
2) Values are the mean + SD (n = 10)

3) Values with the same superscript letter within a column are not significantly different (p < 0.05)
4) NS: Not significant, ADH: dlcohol dehydrogenase, SOD: superoxide dismutase, GSH-Px: glutathione peroxidase, ‘GST: glutathione-

S-transferase
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ool & FAadhe AEE vERieH, gate] BFE 9
gg7o] At TF pair—fedol vla] fodow Aa
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AR HEo g oA} Catalase FHTE A&
ol A dake AFAAR EFTO) pair—fed¥)] PR
of Hlg] feoldow ¥ A8 Btk

HZEAY olghe A= o|§h20] acetaldehyde® 4H3}
HE 19448} acetaldehyde?} acetate® AMlEE 2¢A)
g oz tproix =, 1dAlels NADP & 2 84F ]
43t ADH7} #ojsl™, MEOS$} catalase™ 95 #oigt
o} ofjgh-g-2] Aksla}rgolA] AAE acetaldehyde: gt
Lo gt 7+ A4S Fishe TR AAEA T A A
Fuje] Alxdel vEEg HAS Qv 53], W oes
A HAZA 7k2A2) ADH 842 Hashe 202 &
24 glow, ADH &42] 74V} ofghg 1 A1) FAel
3t Fojghs By Q3 AYE 4TS FA 2ok
= BR19% itk 184 Figueroa 5179 deld 35
oflA 1257k4] 20% S49] ofer&E HAFHAT FHelAA
ADH &7Jo] 35904 Z718lith} 125 M e freldo
2 stk B uEiel = Al ofgh ARl
A olgkg dAPt S7Hke A& ADHY} ofd MEOSE 2
g3k o2 dFE Al 5 A9 STl Qs Aoleks
BYE ek B Ao AFYME ADH SHE st
FRsH] 932 RO0F HolA o&bE ] tiAle] thE B
A9 FAgo] ¥ U JEFE vHE AR A

Catalase® free radical& H,0%} OH7|Z WA %)
AzPikslol gt MEEFE Wosh=t] WHstA #dst
= Qo7 4#A Uk Antonenkov$} Panchenko™ & 3t
QA g AFA catalased] @40l F7HEHR OV 3
AbsHE dialel BEE o8 549 FYols FolEe |
) Ak skeh T2y Oh 5978 2o)8=ke) 36%
g dehez g% A ARl catalased] E40]
FoA0z Z71IAcka sisich. Fahimi $°°9) ZAxnjola
T catalase 42 123 F77F 1853 ASEH U
A oekE AHE 237 F9 catalase Aol F71
3= AL di g elA A ERE B HO.E Atk
bl 528 %t ohz}, des dile Besle] AAE B
F3he AR FesA stk stk vt
catalasex A QIISHE 3¢l o] &= A peroxisome
o] H0, A3 A1e] EA el A&EE AT E 22
2 Bl g2y olgkd §o37) catalase B4 W
3ol atir] F¢E A gethe But ok 2 A9

9] A% oA AdLEE ] F7HE B A
ZARTET ereT A Fibs FBAIX EFFOlA catar
lase 8ol =8 o= HopA AW IsHE e wl
ste}l BEAo) Sl Ao AR,

Z+ AFEAL] SOD 842 A TollA A3 Aol7) 9l
Q3 GSH-Px¥E oghd F7o] ZZ2] pair—fedol
vl fojdog v 84e Hylon 53| oghea &
7l GAbE AFAS EFTellM 7P @2 848 JEhigith
T3 GST 848 A TolA FA3R] Apolg Kol &
3tth SODE metalloenzyme2A4 0,5 H,0,2 AEA|
A olekd Ak ABAEE oxygen radicald] %3g ot
TP 20%9] oehg dAdelE HHAHE o Al
7323kl me} A€ O, diAlell SOD7F AR o] 1 84
o] AL Ao GAF AHe] SOD &4 Ate &
EAZTHE Huang 599 BaoAS §AHE $32 4t
T (2 mg/kg diet) M= SOD 4ol F-42A zlo]
7} Ak GSH-Px 842 catalse®t "RRI7IAIE H,0,
£ HOZ §gNHA F= F 8424 AXE Ak &4
o22e B33 7)AR glutathione (GSH)E ©]43
o Ao 7 20%9 Jdees ¥ S W GSH-Px
o] gAo] F7IE oY Bt W ool o|h&E FojA
o] wA JEebgon, ojd A" GSH-Px 842
acetaldehyde 2] Agto 2 F4 EAo| ZAHYAL =
£ odgE AdFol wE AU GSH el &3 A3t
Hokn gk 2 A QoM T oetes F
A7 EDS} EF 7] 24249 pair fedwol| vlsiA GSH~
Px @/do] Rty Ak Age) 32 Qe AoE YEht
t}. GSTE oghkg2 F% MAE free radical®} GSHE
ATS Flshe QAW FAike g4EA EE AR F
Toll o]&EF o7 GSHeH A¥: Fuiso] 1+ 249 &
FE TAAA GST &40 ZaHe e, ez os
A#HPE g GSH Y 78 f=dvkn ™

4, @ AR FO HIED A E oF

4 retinol % 7F A9 retinol® retiny! palmi-
tate 32 Fig. 29 39 Yelilty. @3 retinol ¥
2 gAatel FF A7 AEgle] dvg gl EDSF
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Fig. 2. Effect of folate deficiency on plasma levels of retinol of
ethanol-fed rats. See the legend of Table 2. Values with the
same superscript letter are not significantly different (p <0.05).
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Fig. 3. Effect of folate deficiency on
hepatic levels of retinol (A) and
retinyl palmitate (B) of ethanol-fed
rats, See the legend of Table 2.
Values with the same superscript
letter are not significantly different
(p<0.05).

N
o]
[=3
o

(1g/Q liver)
=)
(&3

a-tocopherol
(29/mL plasma)

o

o

a-tocopherot

O w o w0

@ -
@

Feg. 4. Effect of folate deficiency
on plasma (A) and hepdtic (B)
levels of a-tocophero! of ethanol-
fed rats. See the legend of Table 2.
Values with the same superscript
lefter are not significantly different
(p<0.05).




808/ 94 0 dz& 4% JasA

H#oAI ED¥ 7} pair—fed#Ql PDT Alololle #24<
o7k iRl ont gatat A olgheEE FoA17] EFTo]
pair—fed*Ql PFZEY f2l& oz =oich HDL-Z#X
HE 23 HDL/F Za2HE 32 A T4 9
2Rl Xolg HolA| Agith Y X AE TR
4t A¥7Q PDS} EDT BF ko gabgoi oA
£ &g FoJ3t EFT pair—fed¥<¢l PFFol B3l &
AAQ] F7HE BAA] ok ost XA E g
Z7tell A FH0] oFFd 88 X &3 2o e
stk 2 vpolaEE ul ARIREE §FF 9] A A
AteE F3 sUs Ao dEE o= S
A AISLE el tiste] Gate] EURE a¥E HolR|
23tth ADH 84 5E AFlA oAl xlol7) §lln
catalase gAEE g AYWAIZ) PDS} EDEH olshE:
F9) A gake T3 EFZ0| pair—fed#! PRl
Hlg] FoAoE F& A Rt 3 x4 SOD
42 A TelA AR 2lol7t fxla GSH-Px 84
L oerg Folito] Z+2}H9) pair—fed ol Hsl] f-2F e
29 848 1o 53] sy @ ks 3
$ EFTollA 7H8 W& 8498 Jehllth 28]z GST
2 A TollA] felAQl Apolg HolA| gttt

4 retinol 32 GAke 387 A5-9F Agle] o
Bg Fofirel EDS} EF7F 2442t pair—fedTol B]3]
Frelog e gs noly 2123 ) retinol ¥R
A AT dd'hE Fod1tel EDTO] pair—fedwd]
PDol| vldlo] oA og 2 s Bolon) diat &
FrolAE dlgkgel 93 retnol TF Aslol thsled 4
Ato] B398 Byt 7134 ) retinyl palmitate 3
Al gakel FF A8 AEgle] oleE FoiFol vlF
oAl st feldo R e ks JeRgIch A
HEl! E 52 gARE 29217 & F ol Joidd
ED0| pair—fed#<?! PDTol v]5le] f2ld o=z njepql
E o] wigron] ¢ibs 33217l Tollde ogke &
77 pair—fed Atolell §-2<Ql 2e)7} gidck

olde] AFE FalM 2 u oekE oA Al Fe
2HE e Ak A6l g8 STk oW XA At
=3 ksl 54 9 sl ok At tiste] Qi
Aol &g dFH ol s Wste ksiA ] &8 o
5 7EEAIE Age) Qe RoF el

Literature cited

1) Lewis CA, Pancharuntti N, Sauberlich HE. Plasma folate ade-

quacy as determined by homocysteine level. Ann NY Acad Sci
669: 360-362, 1992
2) Zimmermann MB, Shane B. Supplemental folic acid. Am J Clin
Nurr 58:127-128, 1993
3) Koo BK, Chung JM, Lee HS. Biochemical evaluation of nut-
ritional status of vitamins and minerals in patients with alcoholic
liver disease. J Kor Soc Food Sci Nutr 27: 1244-1252, 1998
4) Shaw S, Jayatilleke E, Herbert V, Colman N. Cleavage of folates
during ethanol metabolism. Biochem J 257: 277-280, 1989
5) Health and social welfare review. Korean Institute for Health and
Social affairs, 1996
6) Seo JS. Hepatotoxicity induced by ethanol consumption and
nutritional effects. J East Society of Dietary Life 5(3): 371-384,
1995
7) Halsted CH, Villanueva JA, Devlin AM, Chandler CJ. Metabolic
interactions of alcohol and folate. Am Soc Nutr Sci 132: 2367S-
23728, 2002
8) Halsted CH, Villanueva JA, Devlin AM, Niemel O, Parkkila S,
Garrow TA, Wallock LM, Shigenaga MK, Melnyk S, James SJ.
Folate deficiency disturbs hepatic methionine metabolism and
promotes liver injury in the ethanol-fed micropig. Proc Narl
Acad Sci 99: 10072-10077, 2002
9) Huang R-FS, Hsu YC, Lin HL, Yang FL. Folate depletion and
elevated plasma homocysteine promote oxidative stress in rat
livers. J Nurr 131: 33-38, 2001
10) Halsted CH. Folate deficiency in alcoholism. Am J Clin Nutr 33:
2736-2741, 1980
11) Boushey CJ, Beresford SAA, Omen GS, Motulsky AGA. A
quantitative assessment of plasma homocysteine as a risk factor
for vascular disease. J Am Med Assoc 274 1049-1057, 1995
12) Hankey GJ, Eikelboom JW. Homocysteine and vascular disease.
Lancet 354’ 407-413, 1999
13) Pietrzik K, Bronstrup A. Folate in preventive medicine: A new
role in cardiovascular disease, neural tube defects and cancer.
Ann Nutr Metab 41: 331-343, 1997
14) Selhub J, Jacques PF, Botsom AG, D’agostino RB, Wilson PWF,
Belanger AJ, O’leary DH, Wolf PA, Rush D, Schaefer EJ, Ros-
enberg IH. Relationship between plasma homocysteine, vitamin
status and extracranial carotid-artery stenosis in the Framingham
study population. J Nutr 126: 1258S-12658S, 1996
15) Hultberg B, Andersson A, Isaksson A. The cell-damaging effects
of low amounts of homocysteine and copper ions in human cell
line cultures are caused by oxidative stress. Toxicology 123: 33-
40, 1997
16) Loscalzo J. The oxidant stress of hyperhomocyst{e) inemia. J
Clin Invest 98: 5-7, 1996
17) Olszewski AJ, McCully K. Homocysteine metabolism and the
oxidative modification of proteins and lipids. Free Radic Biol
Med 14: 683-693, 1993
18) Blundell G, Jones BG, Rose FA, Tudball N. Homocysteine me-
diated endothelial cell toxicity and its amelioration. Atheroscle-
rosis 122: 163-172, 1996
19) Jones BG, Rose FA, Tudball N. Lipid peroxidation and homocy-
steine induced toxicity. Atherosclerosis 105: 165-170, 1994
20) Jacob RA, Wu MM, Henning SM, Swendseid ME. Homocy-
steine increases as folate decreases in plasma of healthy men
during short-term dietary folate and methyl group restriction. J



Nutr 124: 1072-1080, 1994

21) Berwanger CS, Jeremy JY, Stansby G. Homocysteine and vas-
cular disease. Br J Surg 82: 726-731, 1995

22) Swain RA, Clair LS. The role of folic acid in deficiency states
and prevention of disease. J Fam Pract 44: 138-144, 1997

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

24) Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in ani-
mal tissuies by thiobarbituric acid reaction. Anal Biochem 95:
351-361, 1979

25) Koivula T, Koivusalo M. Different from of rat liver aldehyde
dehydrogenase and their subcellular distribution. Biochem Bio-
phys 397:9-16, 1975

26) Aebi H. Catalase. Methods of enzymatic analysis. 2nd edition by
Han Urich Begmeyer., pp.673-684, 1974.

27) Winterbourn CC, Hawkins RE, Brain M, Carrell RW. The esti-
mation of red cell superoxide dismutase activity. J Lab Clin Med
85:337-344, 1975

28) Paglia DE, Valentine WN. Studies on quantitative an qualitative
characterization of erythrocyte glutathionine peroxidase. Lab
Clin Med 70: 158-169, 1967

29) Lawrence RA, Burk RF. Glutathione peroxidase activity in sele-
nium-deficient rat liver. Biochem Biophysi Res Com 71: 952-958,
1976

30) Habig WH, Pbst MJ, Jabby WB. Glutathione-S-transferase. The
first enzymatic step mercapturic acid formation. J Bio Chem
249:7130-7139, 1974

31) Lowry OH, Rosebrough NJ, Lewis FA, Raxdall RJ. Protein mea-
surement with the folin phenol reagent. J Biol Chem 193: 265-
272, 1951

32) Bieri JG, Tolliver TJ, Catilgnani GL. Simultaneous determina-
tion of tocopherol and retinol in plasma or red cells by high
pressure liquid chromatography. J Clin Nutr 32: 2143-2149, 1979

33) Furr HC, Amedee-Manesme O, Olson JA. Gradient reversed-
phased high-performance liquid chromatographic seperation of
naturally occuring retinoids. J Chromato 309: 299-307, 1984

34) Rao GA, Sankaran H, Larkin EC. Rat models for chronic alcohol
consumption. J Nutr 118: 799-804, 1988

35) Pikaar NA, Wedel M, Vander Beek EJ, Van DW, Kempen HJ,
Kluft C, Ockhuizen T, Hermus RJ. Effects of moderate alcohol
consumption on platelet aggregation fibrinolysis and blood
lipids. Metabolism 36: 538-544, 1987

36) Lieber CS. Perspective-Do alcohol calories count? Am J Clin 4:
976-984, 1991

37) Chang NS, Kim YS. Effects of dietary folate intake on plasma
and tissue folate concentration in rats. Kor J Nutr 31: 271-278,
1998

38) Lieber CS. Medical and nutritional complications of alcoholism:
mechanism and management, pp.579, Plenum press, New York,
1992.

39) Gorden T, Castell UP, Hortland MC, Kannel WB, Dawber TR.
High density lipoprotein as a protective factor against coronary
heart disease: the Framingham study. Am J Med 62: 707-714,
1977

40) Chang NS, Kim KN, Kim YS, Seo JB, Kwon QO. Effects of
alcohol administration and dietary folate on plasma homocy-
steine and liver histopathology. Kor J Nutr 31: 1121-1129, 1998

ZEEESEE 36(8) 801810, 2003 /809

41) Lieber CS. Alcohol and the liver; 1994 update. Gastroenterology
106: 1085-1093, 1994

42) Nordmann R, Ribiere C, Rouach H. Implication of free radical
mechanism in ethanol-induced cellular injury. Free Rad Biol
Med 12:219-228, 1992

43) Cederbaum Al Role of lipid peroxidation and oxidative stress in
alcohol toxicity. Free Rad Biol & Med 7: 537-541, 1989

44) Antonenkov VD, Panchenko LF. Effect of chronic ethanol trea-
tment under partial catalase inhibition on the activity of enzymes
related to peroxide metabolism in rat liver and heart. Int J
Biochem 20: 823-830, 1988

45) Figueroa RB, Klotz AP. Alterations of liver alcohol dehydro-
genase and other hepatic enzymes in alcoholic cirrhosis. Gas?-
roenterology 43 40-48, 1962

46) Mezy E, Tobon F. Rate of ethanol clearance and activities the
ethanol-oxidizing enzymes in chronic alcohol patients. Gastro-
enterology 62: 707-713, 1971

47) Figueroa RB, Klotz AP. Alterations of alcohol dehydrogenase
and other hepatic enzymes following oral alcohol intoxication.
Am J Clin Nutr 11: 235-241, 1962

48) Lieber CS, Decarli LM. Ethanol oxidation by hepatic micro-
somes. Hepatology 162: 917-926, 1968

49) Antonenkov VD, Panchenko LF. Effect of chronic ethanol
treatment under partial catalase inhibition on the activity of
enzymes related to metabolism in rat liver and heart. Int J
Biochem 20: 823-830

50) Oh SI, Park JS, Park YC, Kim CI, Park SC. Effect chronic
ethanol administration on oxidative stress and cellular defense
system in rat myocardium. Kor J Nutr 29: 721-728, 1996

51) Fashimi HD, Kino LH, Thorp K, Albelman WH. Increased
myocardial catalase in rats, fed alcohol. Am J Pathol 96: 373-
380, 1979

52) Ribiere C, Hininger I, Rouach H, Nordmann R. Effects of chr-
onic ethanol administration on free radical defense in rat myo-
cardium. Biochem Pharmacol 44: 1495-1503, 1992

53) Rieber C, Sinceur J, Nordmann JA, Nordamann R. Discrepancy
between the different subcelluar activities of rat liver catalase
and superoxide dismutases in response to acute ethanol admi-
nistration. Alcohol & Alcoholism 20: 13-21, 1985

54) Nadkarni GD, D’Souza NB. Antioxidant and free radical sca-
venging enzymes in chronically ethanol-consuming rats; cont-
roversy over hepatic lipid peroxidation. Drug alcohol Depend
22: 161-168, 1988

55) Tauchi K, Tautsumi Y, Tsukamoto H, Hasegawa H, Yoshimura S,
Watanaba K. Glutathione peroxidase and glutathione-S-trans-
ferase, class @, in rat intestine. Jap Soci Patho 41: 573-580, 1991

56) Schisler NJ, Singh SM. Effect of ethanol in vivo on enzymes
which detoxify oxygen free radicals. Free Rad Biol Med 7: 117-
121, 1989

57) Pierson JL, Mitchell MC. Increased hepatic efflux of glutathione
after chronic ethanol feeding. Biochem Pharmacol 35: 1533-
1541, 1986

58) Sato, M, Lieber CS. Hepatic vitamin A depletion after chronic
ethanol consumption in baboons and rats. J Nusr 111: 2015-2022,
1981

59) Rosenblum ER, Gavaler JS, Van Thiel DH. Vitamin A at phar-
macologic dose ameliorates the membrane lipid peroxidation



810/ g4t 2 @2 AF< ksl

injury and testicular atrophy that occurs with chronic alcohol
feeding in rats. Alcohol & Alcoholism 22: 241-250, 1987

60) Kim CIL. Leo MA, Lowe N, Lieber CS. Effects of vitamin A and
ethanol on liver plasma membrane fluidity. Hepatology 8: 735-
741, 1988

61) Horwitt MK. Data supporting supplementation of humans with

vitamin E. J Nutr 121: 424-429, 1991

62) Traber MG, Lane JC, Lagmay NR, Kayden HJ. Studies on the
transfer of tocopherol between lipoproteins. Lipids 27: 657-663,
1992

63) Skol RJ. The coming age of « -tocopherol. Hepatology 9: 649-
654, 1989



