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=ABSTRACT=

Effects of alchohol and fat content in a balanced diet on chemical composition and morphology
of liver were investigated in growing rats. Fourth eight male rats of Sprague-Dawley strain
weighing about 1609 were divided into 4 groups ; high fat diet group, alcohol-administered
high fat diet group, low fat diet group and alcohol-administered low fat diet group. High and
low fat diets supplied 30% and 12%, respectively, of total calorie intake from fat, and alcohol
was given by adding ethanol in drinking water at 10%. Diets contained adequate amounts of
all nutrients required for rats, including lipotropic agents(choline and methionine) to minimize
effects of factors other than alcohol on liver damage.

Ratios of liver weight to body weight were statistically different among groups. Liver/body
weight ratios of alcohol-administered rats were significantly higher than those of non-alcohol
groups after 6 week treatment. Although total lipid and triglyceride per gram liver were increasc_ed
in alcohol-administered rats, especially low fat diet fed rats, the values were not significantly
different. Opticmicroscopical observation revealed increase in cell size and no change in morpho-
logy of liver. Examination of hepatocytes by electron microscopy showed that fat droplets were
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observed in all groups but enlarged in the alcohol-administered low fat diet fed rat. Contents
of pfotein, cholesterol and phospholipid were not affected by alcohol consumption. The level

of lipid peroxide was significantly lower in the livers of alcohol-administered rats than in the

livers of non-alcohol groups.

The results of this study indicate that even moderate alcohol drinking and dietary fat content

did not affect any significant change in composition and morphology of liver until 6 week treatment

but that even moderate alcohol drinking caused some signs of steatosis of liver.

M =

A E+= ethanolH4 79 U3} targetolgte
Aol A gl o7 THA X 2] Fejety wslo) B
d7e Be BHE ol gtk

gEo] THE EAA7IE 71A ¢ B3 7 2 A=,
ol Mo dFsE Ak AR FE F7MAIA
Z 3 9) oxygen tensiong AaA171A S HAH
AR FA2ZEFH YAE 2HYsA Ede
Roltp? & shile] 7Fd 2 M€ ethanold 3+ 7H
o] Ao} i E FAANA DR 4L 2
B doe 7heAdoit,

HZolE ehtanolitst HANAN A7 FUHE
22l acetaldehyde” 2ol = fatty acid ethyl ester”}
Q718 &4E ¥ F vde Rax P,

S AJMHFHE AUz, Y 7Y, A
T Egshe AR Uglo] Hu Xzt A o)
e Ao dgdce A7 X o)gpre,

At e GZ oo x gl A AY, lipotropic
agents(choline, methionine, folate, vitamin By) 2]
T, HojAdte] el 5 BE§FHQA dgerw o
gtd 4 AY”. 53] A 2 FHA e 9
FFFol FUHY] Agng zAY vXe &
o] Jgo] LT EHETQAR] JUE o
% 71 ofol 71038k AQUA FEo JEA
"ot

SEHHAF Tl FHHE AW F 2 endoge-
wous origin A 21 2] ARG E Xzt FH Ao
BdE 5 U&°] Liebers} De Carlie] AF oA
AREA, £ ety WA HuE St

Ao ALVE ALY W FEH olAge] A4
3280 ¥ 7| 2AFE Aoz} F Ao B30
ZALs|ojop & FHAZ At dc)

ol ¥ A7 FAAT AAE TR TFE
o7} FoiZ AeolA fFH TRF| vR &
AE} o)A geFe Aol W& IFE do}
BuAdte BFog Iz FAAR, A9
HAarglA A g AR BT A 9T 2
Ay AREvZE T AR BFAE A
=34

ANz 3 2y

1. A8A8

HojdE o g Al83} salt mix(Rogers and Har-
pers’s)'®¢} vitamin mix= TEKLADAH Madison,
Wisconsin, USA)NA casein, A, T=FL F
35}8tel A, cellulose$}t trioleine SIGMAA}S] A
T4&At 1, 1, 3, 3,-Tetramethoxypropane< Me-
rckAt AE-S AFE-3H 3 thiobarbituric acid(TBA)
2} bovine serum albumin{Frac. V.)3} 7]€} A3}
&8 Al%FS SIGMAAM A1 E-S AR89t @vlF
Alg ZAA Had Ao 7)E Alke BAL
S5& AH8Eth

2. 4¥FE 2 HolzA

BaAzol o 1609 ¢ Sprague-Dawley®E 3
487121 & AE R o) st TEAMS o)A 7
Ystel, 392 APF EAsNA ALST F 2
A2 dF3te entely 4F 282 UF o] Table 13
e Ugoz 37U 2 657 AMS3Q
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Table 1. Experimental design

Table 2. Composition of experimental diet

Experimental Dietary fat Alcohol
group* level(Kcal %)  administration
HF 30 -
HA 30 +
LF 12 -
LA 12 +

*HF : high fat diet group

HA : alcohol-administered high fat diet group
LF : low fat diet group

LA : alcohol-administered low fat diet group

2lolo] FAAQEL Table 201 F A& b} o]
AFdeze ANPLSZARHF ALY
(LA Hole WFFE 3E%FFY 12%2 T
Fatgoew nAPH|GEZF(HF), LARLEST
(HA)Aololl A= LF, LA ol o] A4S Eoln
lard€ © F7bste] F9Fe] 30% 2 FH3I}AL

HAS LAT & F5£E9 ehtanols 41°] 10%
gdoz FFIYL AENLF Aol E2 A
fr2ol AFANZ o 2oldHF F alcohol HH
Fe i ol dAJIANG SAsH o 2dnt
t} dolg Fo3l7) Ad AFL 2HHA

3. BAAE A

15412t AA A1l HE ether 713 ¥ BAESHA
ZH| 8 ¥ heparin A 2] $ syringeE AH8-3}<] heart
punctureZ ¥A& AHAF A AL HE3Hq F
AS ggkod, 4% 1 IRE FHitod Ax9
FZ2HAAME 93 1Y (FY 2 ARG AR
Holl A d)AH T

e dRE FE3] FAE B F 09%Nacl
yelo] Yol AAsly FAM A8t AL A
Ag 2 09%NaclS H7I8l £ E oF 3ml=2
g30] Potter-Elvehjem homogenizer2 33}
de nyole FEH RS Y T AFEY
A7AA —70C o YERBEAct

Lipid peroxide ¥#53L 43239 ¥43%S
A&l 115%Kcl ¥AE A7t 10% (w/v) vH4
9L gEo] AR

Ingredients g /1009 diet
Low fat diet High fat diet

Soybean oil 5.10 5.10
Lard - 9.10
Starch 43.80 29.10
Casein 23.00 25.60
Glucose 17.70 19.60
Vitamin mix.” 0.80 0.90
Salt mix? 4.30 4.70
Cellulose 4.30 4.70
Choline chloride 0.23 0.30
Inositol 0.50 0.60
L-Methionine 0.20 022
gﬂ;’;’ :rln - 0.07 0.08
Kcal/g diet 384 425

1) Vitamin mixture No. 40060 obtained from TEK-
LAD, provided the following(per kg) ; p-aminobe-
nzoic acid : 11.0132g , ascorbic acid, coated(97.5
%) : 101.66049 , biotin : 44.1mg, vitamin B1»(0.1%
trituration in mannitol) : 297369 , Ca-pantothe-
nate : 6.60799 , choline dihydrogen citrate : 349.
69169 , folic acid : 198.2mg, inositol : 11.013269 ,
menadione : 4.95599 , niacin : 991199 , pyrido-
xine-HCI : 2.20269 , riboflavin : 2.20269 , thiamin
HCI : 2.20269 , dry vitamin A palmitrate(500,000
u/9 ) : 396489 , dry vitamin D;(500,000u/9 ) :
440.5mg, dry vitamin E acetate(500u/9 ) : 24.229
/9 , corn starch . 466.68789 .

2) Salt mixture used had composition of Rogers and
Harper’s. _

3) Mixture of Na;SeQs; 0.2589 , MnO, 37.1909 , Fiber
62.6609

4. TAxHe AAEH

A4zA ) $ADE FolchiEol whe 335t
7% A4e ARt

1) Triglyceride(TG® S A%

Z 759 methanol2 MHF silicic acidg 110
T 9] ovenoll &% WA 3t FAA] F 9 19
(19 /30mg total lipid) 2 =& chloroformoll ¥AA]#
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silicic acid columng &1t}

727 325 9AFS columndl E3AI7 £
20m€9) chloroformo.2 A3 3te] AAF FA=)4
S EF 4T F 27 HAGFE st 50T olA
A gasZ U2 F Sardesais? o] WHoz H
Fadct. FAAYe] BEAFHL YrcE9
trioleing AH8-3te] A9 ch

2) Total cholesterol®] A
TR32AH Ad F2E9 gARS ARAT
thS Pearson$V9 Woz HH3lyc

3) Phospholipid®] &%

AFzAY AAFEE dAFFE A=A F
A% A7) 72% perchloric acidE 7}H8te] 33}
AlA freElse 71908 820nmelA Chens9
o2 st

5. -#33t X de JF

BZzA Y] AA H4hEEF S Yagiel TBAYS
o o3ty ZA3IY L, 1, 1,'3, 3-tetramethoxypro-
pane(TMP) & AF2-3le] REHFA-S AUt 1.15
%KclZ2 A7 10% TAZA o .1mlo]
8.1% sodium dodecyl sulfate 0.2m¢, 20% acetic acid
buffer(pH 3.5) 1.5mé¢} 0.8% TBA 1L5méE 713 &
ZF = A FHFFE 718 & 4L F 95T F
ZAA 603 7HEE o S WAAAHY o
710l n-butanol : pyridineEFA(15: 1, V/v) 5ml
€ 713l Z 42 ¥ 3000rpmel A 1587 94
st a2 F54E A8 532mmolM FHEE
E3stgh

6. &l P

73229 homogenated T ZE -2 Bjurety®
o2 vdRF FPoy, BEFEL bovine serum

albuminE AH&-3t )
7. 3089 =H8FH 2A}

1) Z5gu]A ZA}
g9 AR E HFH3lA 24 AY3 =279
THHUE 10%F4 formalin®e] 10212 243 n

70%, 80%, 0% 95% = 100% ethanol¥ol| &zt
3X1Zh, 100% ethanol/xylol(2 : 1), 100% ethanol/
xylol(1 : 2) ol Z+7} 2A13t BAAIA @431l 55
T incubatorl A} xylol/hard paraffin(2 : 1), xylol
/hard paraffin(1:2) ¥ hard paraffin®%2.2 3
A|Zb8 A28 & paraffin £o)3FA T o) R & 5u9
T7 2 vrdsle] 2 4R L hematoxylin-eosin ¥4
Malo] BatPu] A o2 400u)9] Wl &olA BEAS
At

2) ALV ZAL

e AFT FA Imm*37]2 FE 4C 9 25%
glutaraldehyde &89 2A1H5¢H A S 3 F
Aeod TnAL st 2AH 232 ethanol
50%,70%,80% Aol Zzt 208-4],95% ethanol %} <l
30%, 283 ¥4 ethanoldl 6084 X 2lstd &
St

o] 718 propylene oxide®ll 10%-2# 33| w3l
FF A7) Luftd®el] 23] epon 81224 X} 3t
gelatin capsule®ll ¥ 0]A] 35T ol A 12413t 60C o
A 48413t ZHe-8ke 733 A Ao

73g" 22 ultramicrotome 2. & 400~ 600A%
Al v+d3led Reynoldsy™@oll wha} lead citrateS}
uranyl acetateZX ©|FHAENE & JEMI
(100-CX) AAdu Aoz 500002 W&oy &
#3tsich

8.

A AN W) FFexE A2dgn &
AYT9 HAxZe fFoAde =005 FFNA
Duncan’s testZ ZA&3t4th

of

A

Zu 3 nE

AFa HolAtFol HFY AF, U7
dofoi A3}sta S46 93 Ao g oA
Bt

DAL ZAL F caloriedd 3 Zo) 219%, A=A
HAEFL 236%E GTEHE HIUo,

@Z3 Mol wE Y LFAu| 9}
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23} HFZR T 427 f88H Fo}, 22437 79 TG, % cholesterol ¥ X129 §FL Ta-

Table 3. Relative liver size and contents of protein and total lipid in rat liver

Relative liver size Protein Total lipid
(mg/g wet liver) (mg/g wet liver)
3Wk
HF 2.6740.12% 386.34+35.12 64.01+5.10°
HA 2.82+0.09°™ 368.40+55.33 44.36+2.31°
LF 2.8040.11% 383.98+24.88 57.06+5.95%
LA 2.99+0.107 380.25+24.45 - 63.36+6.76*
6Wk
HF 2.3740.05 325.20+ 5.63 . 51.03+0.71%
HA 2.77+0.09*> 326.08+ 8.54 58.7242.71®
LF 2.55+0.05%¢ 306.07+23.02 49.73+3.67*
1A 2.8640.07® 327.13+14.27 58.28+2.68"

Relative liver size= (liver wt./body wt.X100 at killing)

Each value represents the mean+SEM of 6 rats.

Within a column, values riot sharing common superscript letters are significantly different at 0=0.05.
*NS, not significant at a=0.05.

Table 4. Lipid composition of rat liver (Unit : mg/g  tissue)
Triglyceride Total Cholesterol Phospholipid
3Wk
HF 2322+3.18° 4.38+0.42* 1.06+0.10*
HA 15.20+2.30° 2.81+0.15° 0.71+0.05°
LF 18.30+3.18* 2.78+0.34¢ ‘ 0.73+0.03°
LA 20.75+42.92® 3224027 0.83+0.07°
6Wk
HF 16.90+1.37* 3.81+020® 0.87+0.03*
“HA 18.77+ 150" 3.59+0.17> 0.96+0.04°
LF 13.954+2.18° 3.30+0.28" 0.84+0.04™
1A 19.53+2.13* 3.204+0.13" 0.80+0.02>

Each value represents the mean+SEM of 6 rats.
Within a colum, values not sharing common superscript letters are significantly different at a=0.05.
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Fig. 1. Light micrograph of livers of rats fed(A) high fat(HF), (B) high fat with 10% ethanol(HA),
(C) low fat(LF) and (D) low fat with 10% ethanol(LA) for 6 weeks.
Hematoxylin-eosin stain( X400). Bar marker, 10um.
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Fig. 2. Electron micrograph of hepatocytes of rats fed(A) high fat(HF), (B) high fat with 10% ethanol
(HA), (C) low fat(LF) and (D) low fat with 10% ethanol(LA) for 6 weeks, n, f, m and er

represent nucleus, fat droplet, mitochondria and endoplasmic reticulum, respectively.( X 5000).
Bar marker, 1um.
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Table 5. Contents of lipid peroxide in rat liver

(Unit : MDA nmole/100mg prot.)

HF HA LF LA
3Wk 85.58+ 2.02° 98.98+12.79™ 125.88+ 7.18* 89.33+ 6.54°
6Wk 125.61+15.60* 104.06+12.76" 143.214+12.14(5) 81.03+10.68°

Each value represents the mean+SEM of 6 rats.

Within a row, values not sharing common superscript letters are significantly different at a=0.05.
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