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ABSTRACT

The critical role of folate vitamin in the remethylation pathway for methionine synthesis from
homocysteine has been well documented. Hyperhomocysteinemia resulting from inadequate
folate nutrition has been implicated in increased incidence of macrovascular diseases, colorectal
cancer, neural tube defects, etc. Chronic exposure to ethanol impairs folate nutrition and one-
carbon metabolism in the liver, which often results in fatty liver due to a defective remethylation
process. This study was carried out to investigate the chronic effects of moderate levels of alcohol
and dietary folate on plasma homocysteine levels, and on histopathology and biochemical
functions of the liver. Rats were raised on experimental diets with three levels of folate(0, 2,
8mg/kg diet), and 50% ethanol(1.8ml/kg body weight) was administered intragastrically by
intubation tubes three times a week for 10 weeks. Plasma homocysteine concentrations were
found to be significantly influenced by dictary folate intake and alcohol administration. Among
all treatment groups, plasma homocysteine levels were highest in the animals receiving a
combined treatment of folate deficient diet and alcoho! administration. Plasma homocysteine
concentration was negatively correlated with folate concentration in the plasma(p <0.01) and
liver(p<0.05). Among alcohol treated rats, increase in plasma homocysteine values due to
ethanol was prevented by folate supplementation. When liver histological tests were performed,
macrovascular and microvascular fatty changes and spotted necrosis were observed more
frequently in folate-deficient animals diet than those on folate-adequate and folate-supplemented
diets in alcohol-treated rats. These results indicate that folate supplementation above the
recommended level might be beneficial in the prevention of alcohol-related hyperhomocystei-
nemia and abnormal histologic changes in the liver due. (Korean J Nutrition 31(7) : 1121~1129,
1998)
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HAke 3 RA| 2819 (homocysteine)S ME] 2d (me-
thionine) 2.2 @7 trlabgel) & P o g 84
Hjepglo|t}®, wiek ato] HYPEH homocysteined]
A1 methionine2- 29} vl d &4H8-(remethylation)°l
o7} @rAsle] A ¥ el homocysteineo] 45 1
oldl Wzt ¥ FE0] Flethe RERAAHAEF
(hyperhomocysteinemia)] VR 99" 515 B A)
21832 FZ ¥ #E S (macrovascular dise~
ase)d] 594 91d8cled A uf glomIony,
gate] Ags g¥o] QlE AR Agenzw g
% A¥AE ARH e Aoz Yeptz 9t}

G2 &L AH, &5 A%, wid T G 2E
AN Fite] P E AT Aoz 4
A Qe 3z gAEAS] oM ESHEE
el BE FPAAN G R E AL
¥Z homocysteine +F F5A71E A2 el
q,?.ﬁ)?ﬁ).

e gBE gAke} ganalel slojra Fag 9%
< Y2 e 432 2t 229 fatty in-
filtratione & U3 AWt $4¥1 GOT, GPT 5 &
4 A& Z7HG®. ¢ite] AREHW 7l 4
H F4Age] el gad vEed o] AaE
o Zizte] ofsld F& Irh¥®®  wloe] JAHAH
7 d3E& F5o] HPHH AvEshite-S M
=Y 25a7E JRIEA 2 &40 9& 4A vehd
T Yom GRE FFA A4S EFA7H 3 &3¢
B=rt AuleA vehg £ g Aol

£ A7 54L& o] Gt 57 g3 gl ¥F
homocysteineE, It 223 3t 715 v & 4
< AEFEEE o83l #A3 homocysteine B El
< ko] At 2, T 2HPAEH ou @ BAIZL
AR ol U ol £ dfe dit B
o] 7t FAEo Lt A homocysteine, 7+ 22 A}
23 5ol £ I vA=A dolHuzt 85
Rk,

d4¥ Mz A YY

1. MY SEM A9

Sprague-Dawley &2 7 3FHE 3Y7t 1 ol
ARG AR R F3AF F (3 w2 oy
o AYTT 120ty X Fsien, Agae] Al

DA FES BE AFL 146.0+11.1g010 . A¥Te
Mol 3§l whel 29, A3, B F 37, ¢2E
Fo R ulg} 27, BF 6222 W] 45, TF,
1053 AHS3kTt.

AP ol BV o] SeHE, AR, 1A,
N7, 422 )14 ga AL A9 veh
A gl AZSIA dEele] didrFEe
Halsted 579 47238 vlgtoR 3l 1kg? 0, 2,
Smgo 2 AAsgh ¢F L AEPY Po] A F
BE A3l 50% ethanols A% 100g% 0.18m%
dFYol 33 FosiAct.

2. NENH

HAAFN7 A 1228 F Foll dE oEl22 v}
FAA HEF & 3.8% sodium citrate® vlg] Az
T FANE o) 831 AGelA AE A A A
#¥ Y2 EDTAY E0lSle RS Tl Fot 2,
800rpm, 4TA 3027 YAl sld 2S Bals
Aok, 2 1EHAE A BFe AN AHF FA B
Ao o8& o Hi# homocysteine®Aol] o] &
2 @3 -70Td ¥ ZHaAch 3 A 4
d BES B4 sl 7 Assid. HE9 7
9] Z4]4E (median lobe)& Al 10% F22ad &
Aoll IHAAM 228 Aol A5 T},

3. gy

A QAR Lactobacillus casei ATCC 7469) &
o] 83 DAL BAWBo o =HHYrt AR}
FYe ez A8l Folic Acid Casei Medium
(Difco BANE W3 Lactobacillus casei bacteria ino-
culume 2 A8 FF8km 370 F27]9A wYF
2 ¥ 600nme] N X FAEE YN GNEEE
gl cigiste] F4F TS F s

4. 9% Homocysteine 24

A 10E reaction viald] ¥ 1L Pico - Tag work-
station(Waters, Japan)oll#l g AZAIZAT. old
X & Hformic acid)® k82 (hydrogen perox-
ide)& 19 : 12 4o V& performic acid 10ME B
A 8o Hrlsle] Ao 308 B A AgE
AT o8 O] AF ARAZ F reaction
vial®) vhetell 200p19) 0.5% phenol-HClE ¥3 A4
FAAA 110CAM 24N 7H8<¢E 7RIS AR
7tESE ARE oA AT A=A F oas:
sodium acetate : triethylamine(TEA)S 2:2: 12
E3eld e redryfdE ISk ARAIFG A=
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Table 1. HPLC condition used for plasma homocysteine analysis

Column

HPLC pump

HPLC injector
Photodiode array detector
Solvent

Pico - Tag 8.5mmXx 300mm

Column oven temperature 46T

Waters 510

Waters 712 WISP

Waters 990(254nm)

A) 1.4mM NaHAc", 0.1% TEA, 6% CH,CN”

B) 60% CH;CN

Elution

Flow rate

Run time
Equilibrium time
Injection volume

Linear gradient of solvent B (0-100%)
1.0ml/min

25min

10min

Standard 4pl

Sample 10

1) NaHAc : sodium acetate trihydrate
2) CH,CN : acetonitrile

H A B ks oatd 33 FF4 : TEA : phen-
ylisothiocyanate(PITC)E 7:1:1: 12 4 £94&
7¥ete] < 1ARFEE FRAISM AT fEAEtE AR
) 0.1% TEA, 6% acetonitrile 3-8+ 1.4mM so-
dium acetate, pH 6.4 20008 4z A3 B2 ¥
microcentrifugecl A YAEAZ Tt AH4E 0.45
pm filter(HV type)2 3AAA autosampler®
Pico - Tag 8.5x300mn(Waters) column®l] 43I
t} A7} AlgAte]o]E.60% acetonitrile, 1% ED-
TASH S 2 columne AH st B4of o] &€ H-
PLCS 42 Table 17} 2t} AlR9Y area under
the peak2#& $9% HF o2 ¥-49 homocyste-
ine standard®] area under the peak$} Bla3dl]
homocysteine &%S ALt

5 0D RAGHHA

Reitman-Frankel'8 22 GOT, GPT kit(d 5A12p)
& AlMgsle] 87 GOT(glutamate oxaloacetate tra-
nsaminase)® GPT(glutamate pyruvate transam-
inase)d] BAS &3l 3 71THAE AABIEH
@oe 84 1LY unit2 EA)EHET)

E22) goo] 2FA)Z] 7t 222 paraffindl Eo)
3l microtomeS £ 4um FAZ A% MU H olF
A #nlEA 2 (hematoxylin-eosin)®} periodic acid-
Schiff(PAS) stains AlA 33 dvjoz sl
by W (fatty change), ©)&4(dysplasia), 84
| Ak(spotty necrosis) 52 M= #FAt 239
A 2 #E5L Wl galdA o 2sle o] FoiFT},

6. g9 Mz| 9 By

=AY o= YaXe 528 ox2 Ve
A8 SAS program% AMEEl] HAElGY. ¥

homocysteineF & ¢3E Fof 2o|giketar A}
£7)7ke] 489l BAEAYO 2 (three-way ANO-
VA), €% GOT. GPTE €Z& Fo, 2o|gAtstek
9] 0] 29l BAMEAMB o B (two-way ANOVA) EA
e F BAHCE fo4o] e AoE vehd 8
¢l tisiA= Duncang] Ty & A48k B
#Eol foA oz gEA AR AF3GT €3 44t
3 €4 rA 2RI #AE Folse] AT BA
E-4 ¥ (Pearson correlation analysis)& ©]-&3}ad
A te 248 AT A (-

analysis) S ©]-83t B3},
ag 20 % 13

1. @% homocysteine

B 3ol A7 €7 homocysteine®] FEE 0]
Hato] ZHHERE W 7P =5ten, Aoy ikl
FEFHAY BEEHYE We 8% homocysteinedE
o] ZAaHthFig. 1). ¥FE FoIAl9) % homo-
cysteine =t &AL HFAA9 homocysteines
=82oh o #34r)

d4arel ddeiot #eE ¥4 homocysteineo]
g B2 A3 ATSAME o] Hito] AEE H¢
&7 homocysteined&Eo] F5EH*® #x Gatel
5571 2242 ¥4 homocysteine® ZA4AHE 9
Al7F VERGTEON o Ate Aol remethylation
#49 2FAZ ALIER Fito] ZFHE homo-
cysteine®] methionine® 2 HBE A Fat1 Ao
Z2 50l A9 homocysteineTdo| Z7le4 &
45)7)13-15).

A A1) AA 4382 A homocysteined
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Fig. 1. Distribution of plasma homocysteine concentrations
on experimental diets at 10weeks.
FD : No-alcohol administered folate deficient diet,
AFD : Alcohol administered folate deficient diet,
FA : No-alcohol administered folate adequate diet,
AFA : Alcohol administered folate adequate diet,
FS : No-alcohol administered folate supplemented
diet, AFS : Alcohol administered folate sup-
plemented diet. Median values are represented by
horizontal bars.

weald A7 Aol stk a2y, B A¥dn
2lo] GAHto] E& HAt HEFS A e 4H S
o 218 & homocysteined5EI7L A=A
ol2M &L AF Al GAE UAF o] E B
Fohd g4 213 A homocysteine’ds A4S
#3718 2L Qe UEhd 5 e AWt ¢
8 5 1E3E dANE F Sl ojHol e A
2 Qg

Ag2 o] Fej7)to) A3 wet €3 homocy-
steinedFe Z7151AcHTable 2). €¢2& 59 oF
o #A|le] FaaE A olet HAt AR HolAldlE &
# homocysteined o] folF oz Z713IA}. ol
% homocysteine Uo7t F7184E Foliichks
BaE®0Ng dxjshe Aot GAE B 4
W o2 HEFAIAE d ¥ homocysteineS At
57131l wl Z7k]E e FD, FASH: ¢
105¢] ¥4 homocysteinedte] Fel& oz ASEA
€ 434t ole A EA AT 2 T A A
F5eo] oM 3o whelk velhvs homocysteines
9] F71RNE 93iF7 e R o2 AyztEn

FrEya AReEe] FAt Aol 10577 4He

e 432 T2 ¥A homocysteineFo] ztzt
7.9%, 11.2% 355904 G4t 23208 HAS
e ¢3ed 23 A homocysteine F58°] 5.
6% 2 T2 o)A 2]z v|a) FA vEelkth

N

o

Table 2. Plasma homocysteine levels of rats on experimental diets (nmol/ml)

Diet group” 4 weeks 7 weeks 10 weeks

FD 7625.21+27.58 679.2+39.3" 725.2424 7%

AFD 676.4+39.0° 713.1£18.6% 782.4+28.5°

FA 586.1+39.0° 661.4+31.0% 682.4+17.6%

AFA 613.7+41.0° 681.0+31.3% 758.7+28.2%"

FS 588.2+31.0" 645.31+38.3 670.2+31.5°

AFS 637.0+37.5" 671.8431.2 707.9+28.0*
Significant factor® A, B, C¥

1) FD : No-alcohol administered folate deficient diet
AFD : Alcohol administered folate deficient diet
FA : No-alcohol administered folate adequate diet
AFA : Alcohol administered folate adequate diet
FS : No-alcohol administered folate supplemented diet
AFS : Alcohol administered folate supplemented diet
2) Mean=S.E.

3) Not significant at p<{0.05 by Duncan’s multiple range test.

4) Values with different Greek letters in the same folate levels in diet are significantly different at p<{0.05 by Duncan's

multiple range test

5) Values with different alphabets in the same feeding period are significantly different at P<0.05 by Duncan's multiple

range test

6) Statistical significance of factors was analyzed by 3-way ANOVA

A : Effect of folate levels in diet was significant at p <0.05

B : Effect of feeding period was significant at p<0.05

C : Effect of alcohol administration was significant at p<0.05



Al A A4 HEY 12% B2 AV 23R
N2E8F0g s FHAEAT 1980 3.44)
U E7ehe Aoz Bad wk gt o= % hom-
ocysteinerES ZFY ZAA2AAE homocysteine™
d2d Ao T AL ¥ F USS AAR
E 7 9ok £ dFoA 42g FA] AT 44
FEoRE F4HE HEAAHE 1 4 homocysteine
Tl A gae] fostA vehged ol 2
7t AR, 1 RA LD STH pAE AR 24
o owgt Jgg A & YA FE7 A B
et

2. g%, It goggat % homocysteines =4
o

% homocysteine® & 8% FAgE7 v 23t
| ¢3E oo FAC] ol gt 2HAAS
o ¥ QA $Fo] wskon ¥4 homocysteined
T gt} Ao] G4t o) FUIAsE EF g4t
FE2 Zrlel e 8% homocysteined &2 718
wolit, o]HE Ae AF7A ¥F homocyste-
ine? 4 ditsEe)e] FAN S AFPY FLe BT
E3 YRk AR,

Table 39 AA|E vle} Zo] 8 Fabsee &
% homocysteine ¥ =9 &9 AHBAE BAX (1=
-0.35, p<0.001) ¥F A4t s=rt E713el wet &
Z homocysteine's =& F92 o2 7431t 4
2o} Eal7)7k 105904 ¢33 TR e g%
AAR ST 84 homocysteine s £ E &9 AT
TAZE vehga, d3E FA] 8F g4t o) =
S42 % homocysteines v fojdo g 7448
Ackr=-0.36, p<0.01).

E A A5 AgHo) Foj7|zk 10504 7F gArgt
%7} 44 homocysteines % Aloldl % 19 g9
483 (r=-0.33, p<0.05)7} vt 7 239
GAr ekt A homocysteine s LA oo o] <l
ABAA7L doka BnF A7E oY glied £ 4
HAT b 279 G4t T%¥o] A homocysteineT
Z3 goldel g9 BAABAIL Jge] BFEHYD

Table 3. Pearson’s correlation analysis of plasma and liv-

er folate concentrations with plasma homo-
cysteine concentrations

Plasma homocysteine
i
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105 ALS3IE S of d2g Foen ¢438 v|Re
79 8% homocysteines =9 8% ditex ¢
FAt 3k Aol BBHAE 22 Fig. 29 Fig. 3
AAerRer. T Y TS ¥F 9N TEY 4B
S H£F 2EE B}

£ A3 249 g4 ATl BETY 83 44
FEL AY 4o] BTz 133 ¢ ol F7IeHA|
%oHdata not shown) 8% 44t poole] £d=& A
22 Jeitovt 83 homocysteine A E71ehe
Ao Ueiyth g g4t 28A ¢3E FoTH
Bl R T ¥ g4t T Pl Aol7t gyt
F7 homocysteineFE2 ¢3& o7 44 54
vebged o2 @42 g gk xelzt
gl-2ol= 273l2 A homocysteineF o] iz
B3% Cravo 994 A3ATol T YERD Ho
Ak,

® No alcohol administered
O Alcohol administered

1000
o]
[¢]
(o]
o © o
o) y= -0.6x+808.3
(Alcohol administered)
800 | % o
d % )
% o .' oe

3 \O.Cb

y=-0.4x+726.8
(No alcohol administered)

Plasma homocysteine(nmol/ml)

600

a0l L s

0 60 120 180

Plasma folate(ng/ml)

r p-value
P.lasma folate ~0.3560 0.0002 Fig. 2. Distribution of plasma homocysteine concentration
Liver folate -0.3304 0.0113

1) Pearson’s correlation coefficient

with plasma folate concentration at 10 weeks by al-
cohol administration.
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Fig. 3. Distribution of plasma homocysteine concentration
with liver folate concentration at 10 weeks.

3. 2t WEoHH Fat FYE

@T&e] Tt 4ol Gak FFo] ko) A 7]
&9 U Ae 9FE HetstnAd 83 GOT, GPTY &
AEE Z38% 1 A Ho] 4A ££& GOT,
GPTod] 9= vIARA] Ralon ¢2g 5o 9
Al k9] BEeARl 715 ASAITIA e ReE v
Pt (Table 4). AFD?9] GOT, GPT &4 49
BEA7L 713 w4 debrle fev dolrt AN &
& At

UTEE 10573 TG F(AFD, AFA, AFS)9] 2t
23 A Avd £, & AN W A
9 o|3g % A} Fol BEEAY B3 H3}
U 452 gz esitH(Table 5).

ol Yehd A Wshs d3& ST F 48
ZYZ(AFD)AIA 714 weol vehgon §3 o ¥

Table 4. Plasma GOT and GPT activities of rats at 10

weeks
Diet group” GOT(UL) GPT(UL)
FD(n=7) ¥82.19+8.89 16.94+1.67
FA(n=38) 85.78+9.61 18.52+1.29
AFD(n=12) 97.96+13.98 19.53+2.58
AFA(N=12) 77.09+9.24 16.51+1.25
AFS(n=9) 81.46+7.48 18.46+1.61
Significant factor” NS® NS”

1) FD : No-alcohol administered folate deficient diet
FA : No-alcohol administered folate adequate diet
AFD : Alcohol administered folate deficient diet
AFA : Alcohol administered folate adequate diet
AFS : Alcohol administered folate supplemented diet
2) Mean=S.E.
3) Statistical significance of factors was analyzed by 2-
way ANOVA
NS : Not significant at p<0.05

2} Holgl= macrovesicular fatty change®) Wb
SFZE-GAHA T (AFA) oY LA LE-GAEZT
(AFQ)9l| vig] HAAHTANAA W =A vebget
Mezey?t ¢3-& FEAES o2 A8 A3 7
A% A7 Qe Al 56%04 b fatty infi-
Itrationo] Yepsttha. &tx{vl. d3-&9] AR st
o 3+ AU NADH/NADH|&¢] Z7}817 &&H) o]
© XS] Ao A3E AT I Ak §
g HEsA EZANTD, orle] fate] AFEH
/3 7ve] W&ol 8% methionine? 4ol A3l
g0} A¥7to] & <3lE e Aol

z2 2] A AL A E2-E-FAHE Y (AFD)el
A FEEAA 24 Jeigth A d3ge] B
v 12A e 2RAH HAE doslEw®,
Hae AU BhdA=Z 2E3h= glutathionine?)
FAARN 2RAZ FgstmE At A9A] 7 23
o] AEt B % 118 4 glo?,

B AE A7, T 279 e dsle AL
© ¢3&o Fojo} d4t Aol HPHAUL o ¥
=7 et} Halsted¥e 2ol 329 giatel o
] AL H A Fe% 988 de, e ¢z
9 =27 G4 AP L 1) &30 A EAI Uk
3 B3kt Matthias™e ¢3€0] g4 ARES
ZEeA7I gate]l B4Ye z2EAFHE HIHE
A& ZAAIAXA homocysteinethAlel] Aol & Lozl
o3 Y. 42&L 2 HAE 9380 glutathiones)
STHE F7MA7] 1 glutathioned A FE2<] met-
hionineS #=&HA £4A1H ¥F homocysteines]
FEE VRGP, a28la 4FLE QA% 7 £4o
homocysteinetAFE: W&l 3tal ol 2 QsA glutathi-



Table 5. Histological changes of ethanol administered rat livers at 10 weeks

mESEREHE 37 1121~1129, 1998 /1127

number of animals(%)

Diet Fatty change Fatty change Liver cell Spotty
group” macrovesicular microvesicular dysplasia necrosis
+” - + + - + -
AFD 10 2 12 10 2 10 2
(n=12) 83.3) (16.7) (100.0) 0.0) 83.3) (16.7) (83.3) (16.7)
AFA 3 9 9 8 4 5 7
(n=12) 25.00 (75.00 (75.0) (25.0) (66.7) (33.3) (41.7) (58.3)
AFS 3 6 6 9 . 0 5 4
(n=9) (33.3) 66.7) (66.7) (33.3) (100.0) 0.0) (55.6) (44.4)
p=0.010" p=0.109 p=0.444 p=0.106
1) AFD : Alcohol administered folate deficient diet
AFA : Alcohol administered folate adequate diet
AFS : Alcohol administered folate supplemented diet
2) Degree of histological change : ~, normal ; 4, abnormal

3) Chi-square analysis p value

one®’go] ZHAETA b &40 H& 2AHo &
ol ALAG?®, o)XY dzeH P2k AP vy
GEUAE &3A71 3, wekd % homocysteined
FE AT T 5 Uk A os ¢ 4
#AZ Yucatan micropigell A PlEled 34 &40}
#2253 B3 homocysteineFE0) 2715 7t A
¥ uracil/thymidined] &2] |4} programed cell
deathd} ME E3}ofAle] M4 o)ato] Velstthe
BIa% Ay,

Ao] GAte] A=Y F 33) 1053 B e ¥m
H 7R d3d AFEE xAde A Wz
AL 5 ZAHAVE o)ge] vERtew GOT,
GPT F &4 €42 B3 933 7 7159 W)
AT MG 2AL Sol #AE v GOT. GPTY &
& o syt WAt Rad v} 2o 2
AR 7 $ole 3t gl

Qof QI HE

£ AdME €289 4371 €3 94 homo-
cysteineTFol] PlXe BgS dolRna APEE
AFEE Fofdlar o] GArEg gelald 10370 A
St 4 BAH Lactobacillus casei( ATCC 7469)
£ o] &3 WS oJ3le] BAstgen] €% ho
mocysteined 7I-E8& AX & PITCE f=A3h
AlA HPLCE o} 83} B-A3tct.

¥4 homocysteineTE-& 4t A a]olRoA 7}
Z Estch Fit 2Rl ¥R L9 By} 1053
A&E 5 G A F) sty 2388 o
W2 2 2ol Hla) 8% homocysteined5o| 49
Ho 2 A Ut 43 oA G BEA)7)

A 8% homocysteine?] A4S dAlge Aoz U
135% =8

d7E BT 127 FAET ¢3L-F4 A9
Tl A A7, HATAE G AP Pt BEFo
Hg] EA Jebhgt) oleidt 1tzA e o gge g3
=g 2B TN A homocysteine A& &
dol slE Aoz Az 5 9

2 AT 27, ¢332y Ho] Ak 22 EA ho-
mocysteineTEo F&E viXv 4t A9 ¢3S
Fod7]3te] F718HEA homocysteined 3ol Vet
= 93] B F=YHY. 9oz 3L g
AF %, homocysteinetAtete] A ded o g &
Tt AEHOR o] oW UL FEo|Y 1ER
AN 2HRIEZ HHY Ao HYddS Fosin
A& skt Tgo] 8308 Aztdd
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