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= ABSTRACT =

The long—term effects of vegetable and animal high fat diet on the lipid metabolism
were investigated in male weaning rats. The rats were fed one of four semipurified diet
ad libitum : control diet supplied 12% of calories as fat(control group), low fat diet supp-
lied 3% of calories as fat(3% F group), 45% corn oil diet supplied 45% calories from
corn o0il(45% C group) and 45% butter fat diet supplied 45% calories from butter fat{45%
B group). The weights of liver, content of triacylglycerol{TG), total cholesterol and phos-
pholipid(PL) in liver were investigated.

The weight of liver of rats, fed 45% corn oil at 12 weeks and fed 45% buttfr fat for
all period of diet were higher than that of control group. The contents of TG in liver
of rats, fed 45% corn oil from 8 weeks and fed 45% butter fat for all period of diet
were higher than that of control group. The levels of TG in liver of rats fed 45% butt
er fat were higher than those of rats fed 45% corn oil. The contents of total lipid and
cholesterol in liver of rats were increased with similar trend of TG level, but contents
of PL in liver had no relation with the levels and types of dietary fat and feeding peri-
ods.

The liver of rats were observed histochemically by light ‘microscope. Mild to severe

level of fatty changes in liver of 45% C and 45% B group were observed at 8 and 12
" 41z} : 1984, 3. 5.
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weeks of diet. The liver of rats in control group appeared to be healthy and normal
electron —microscopically, but in fatty degenerated hepatocytes of 45% C and 45% B group,
nuclear membranes were irregular and a great number of intracytoplasmic fat vacuoles in
cells were variable in size and low in electon density. The numbers of lysosome were

increased and secondary lysosomes among them were observed on electron microscope.
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Table 1. Composition of experimertal diets { §/1,000¢ diet)

Dietary fat level/energy

Control 3%—Fat 45%—~Corn oil  45%-—Butter fat

Corn oilV 40 11 220 -
Butter fat 2 12 3 - 220
Corn starch ® 678 763 410 410
Casein ¥ 175 175 198 198
Salt mix. 40 40 40 40
Vitamin mix.® 5 5 5 5
¢—Threonine 7 1.5 1.5 . 15 1.5
dé—Methionine 7’ 1.5 1.5 15 1.5
Cellulose® 42 0 124 124
Kcal/ g 3.9 3.9 4.4 4.4
Distribution % of Energy

Fat 12 3 45 45
Starch 70 79 37 37
Protein 18 18 18 18

1) Refined corn oil, Seoul Food INC

2} Berkshire Butter fats, Bershire Food, U.S.A.
3) Samsung Food INC

4) Lactic Casein, 30 mesh, Newzealand.

5) Salt mixture: per lkg of diet: CaCOy, 30.04; CaHPO,- 2H,0, 7.5¢; K,HPO,, 32.2¢; Nacl,
16.7¢; MgSO, - 7H, 0, 10.2¢; ferric citrate, 2.75%; MnSO,, 0.51¢; KI, 70mg; CuCl, - 5H,0,
35mg; ZnCl,, 25m9; CoCl, - 5H, 0, 5m7 ; (NH, )Mo, Oy, - 4H,0, 5m.

6) Vitamin Mixture : per lkg of diet; thiamine—HCI, 20mg; riboflavin, 20mg; Pyridoxine, 20mg;
nicotinic acid, 90m; d—calcium pantothenate, 60m; folic acid, 10m; biotin, 1m; menadione,
45mg; vitamin B,,(0.1% triturate in mannitol), 20ms; retinyl acetate, 2,000 IU ; cholecalcifcrol,
1,000 1U ; dl—tocopheryl acetate, 0.1¢ ; choline, 1.5¢; inositol, 0.1¢; vitamin C, 0.9¢; p—ami-

nobenzoic acid, 0.14%
7) Wako pure chemicals Co.

8) CMC(Sodium carboxyl methyl cellulose, non—nutritive fiber).
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M phosphate buffer (pH 7.4) ¥yl 28 Qo] 7
EsEslL 0.1M phosphate buffer(pH 7.4) o =4
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Fig. 1. Relative variations in the body weights of
rats fed control(12%—fat,0—0), 3% —fat
(®—®), 45% —corn oil(O0-0), and 45%—
butter fat diet(m-m). W/Wo,ratio of the
body weight(W) to the initial body weight
(Wo).

REER 2 FEEEMES H5% 4 8 2 1284
AX BEY HR+e Table 29} zc}

BEEA FrEEe et 93 v mEg 4=
HRE sl 3%UFEE, 45%CHA A2 FIERE no|x o
w2}t 6%BEE hEel u)sl =gkt (p< 0.01).

E HR 8B HWEM 3% Fie FEE Bn:
vty ot 45% CaEzl 45%BRS FHigligoz ol
3t R EEEm dabel dA sty (p < 0.05). EH&

Table 2. Weights of liver of rats fed different levels and types of fat for 4, 8 and 12 weeks

Group Control 3% Fat 45%—Corn oil  45%—Butter fat
Organs Weeks
*a,1 -8} *EE1 arl
0 3.19+0.20 3.19--0.20 3.19+0.20 3.194-0.20
4 6.70 +£0.37%2 6.80+0.40*2 7.0340.21%2 7.90-+0.28072
Liver (%) 8 8.03+0.18%3 8.09+0.32% 8.81+0.24""3 9.1340.23%3
12 10.00 +0.31 2 10.20+0.312*  11.07-+0.35"* 11.30-+0.33%4

* All values are mean+SE of ten rats.

*+ Values in a row(diet group) with different superscript letters(a, b, c) are significantly

different (*Z” test, p < 0.05).

*#* Values in a column (feeding period of diet) with different superscript numbers(l, 2, 3, 4)

are significantly different(*Z” test p < 0.05).
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Table 3. Effect of diet fat on the weights of body and liver of rats fed for 12 weeks

Group Control 3%—Fat 45%—Corn o0il  45%—Butter fat
Initial body wt. (§) 60.7 615 62.7 63.8
Final body wt.(9) 373.0 361.5 359.1 353.5
Weight gain (9) 321.3 300.0 296.4 289.7
Liver/body wt. (%) 2.68 2.82 3.06 3.20

Table 4. Lipid composition in liver of rats fed by different levels and types of fat for 4,8 and 12

weeks
Group Control 39% —Fat 45%—Corn 0il 45%—Butter fat
Weeks Total lipid S(mg/ g of liver wet wt.) 69 -+5.5%1
0 69+ 5.621 694561 69 +5 601 121 +8.302
4 76 + 4.0 72 +3.3%1 82 4-4.5%1 132 +5.62
8 73 +4.0%! 75 +3.4%1 102 +-5.402 130 +4.3%2
12 82 +- 4.8 92 +45%2 114 +3.0>2
TG(mg/9 of liver wet wt.)

0 29.87 4 5.30%! 29.87 -+5.30"! 29.87 + 5.3021 29.87 +-5.30%*

4 32.98 +2.26% 35.52 +-2.21%! 36.11 +- 1.95%1 43.03 -+ 2.782

8 34.38 +2.38%"! 37.61+2.90*" 46.83 + 2.95b72 58.08 2 3.10°3

12 36.30 + 3.25%" 40.87 4-3.082%1 42.01 3 1.60b72 50.32 + 1.80¢3

Total cholesterol (mg/g of liver wet wt.)

6.33 -+ 0.69%1 6.33 +0.69%" 6.33 4 0.69%! 6.33 +0.69%"

7.42 + 0.55*! 7.52 +0.55! 8.01 + 0.53»1 10.31 + 0.83%2

6.79 +0.38%1 7.66+0.53%1 12.30 + (.740°2 15.01 +0.73%3

12 7.07 +0.54%1 7.43 +0.50*" 11.32 4 0.80P2 14.70 + 0,453

PL(m/3 of liver wet wt.)

19.41 +0.92%* 19.41 40,922 19.41 + 0.922! 19.41 +0.92*1

18.69 =+ 0.602'! 18.01 +0.69%" 19.57 + 1.35%1 20.21 + 1.20*1

8 18.88 +0.87%! 18.37 4-0.83%"! 20.86 - 1.3821 20.84 + 1.40%?

12 1852 +0.96%1 19.07 +-0.88%1 20.20 -+ 0,981 18.04 +0.76%!

* All valuses are mean+SE of ten rats.

*+ Values in a row(diet group) with different superscript letters(a,b,c) are significantly
different( “Z” test, p < 0.05).

*+* Values in a column (feeding period of diet) with different superscript numbers(1, 2, 3)

are significantly different (“Z” test p < 0.05).
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el e RIRE e R BB 0,4, 8F
of ulaf 123l 4 FrHort fAal Aolst ¢l
oL, 3%F 22 HWEPal viwshd ojst gov, B
BHHENE v 4 8F djue) 1254 foxow F
7k8let (p < 0.05). 45%CHEe 4 F & xTal A
ol7t YR.ont, 8F=REl 125 #7x &As] Frist
of xRt wgkth (p<L 0.000). 45%BREe HAESR
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3) RS FEESEMN KR

EERRI AT RS o193 Bt Bkl
7H BEsslYl dslel KBAEaY FHsl 48, 8
B2 128 & REF TR A2 R FTES
FEEEE ¥ EFREESo =4 1 A Axsld
2.9kt

Frell 3 PRyl AR HWBES e 2EEH
B &t Fgfaolsl 1 @S Tt K5l 2
T EEE Jehye B=4go) gdth 3%FRY FrE
HERE 29 2okl e EERERY R
eH= 8FdLE £4 HBEL =9 2 FHS W

Fig. 2. Hepatocytes of rat, fed 45%—butter fat diet for 12 weeks. The hepatocytes
contain numerous intracytoplasmic fat vacuoles and show bubbly appearance.
Hematoxylin—eosion stain. Bar marker, 5¢m.
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£ AT REAR dehie 2o IRpEe] R
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A Qo glem, 83l WY RENA AT R
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o148l £ 20551 Table 591 2

FriS EFEME B As HRHdAE T
o] MM} dkel S1xls) X, MREMlE ¥
29 13989 mitochondriar} m2A F-Ta gl.om,
mitochondria 7A7te] Bkl rough—surfaced endo-
plasmic reticulum(RER)o] 3 wteba] glgich BEER
g3} /NEERe) smooth—surfaced endoplasmic reticu-
lum (SER)o| #IE Aldlel AX 224 £3x=e 3l
gom 7% lysosomeo| WA gie} Tzl Golgi’é}
A& grbrtolel & vheht gl ot BEhEiEE WA
=) ¢rorch(Fig.3). 46%CH 2 45%B Fel A H-4 fels
ko] ol Hllel slold 1 AES Hole
U wsls} oded M IRESS Az F4stEE
7L°\ 7148712 gt BREEEe] Lol FRMENae) A

= el THA @RERA 277t 2 BT
WL e RIS O 228 g ozl
lysosome 8] 47} Frlslo] glom, ol F Tl se
condary lysosome & B2 gct 2919 MEISETE
£ = mitcondria, RER, Golgi %%), SER3} S
free] g 2 BRgMte 2 5 Ao (Fig 45).
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Table 5. Fatty changes of rat liver induced by feeding different levels and types of fat for 4,8

and 12 weeks

Groups Control 3% —Fat 45%—Corn oil 45%—Butter fat
Weeks 4 8 12 4 8 12 4 8 12 4 8 2
Rat No. 1 N N + N N + N H# N N + +
2 N N N N N N N + + N N N
3 N N N N N + N + 1 N ++ +
4 N N N N N N N N N + N +
5 N N N N N N N H N N H N
6 N N N N N N N N + N + N
7 N N N N N N N N N + N H
8 N N N N N N N N + N N +
9 N N N N N N N N N N + N
10 N N N N N N N N + N

* Fatty changes in rat liver were observed histologically.
Remark : N, Normal ; +, mild degree ; #, moderate degree; #, Severe degree.
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Fig. 3. Hepatocytes of rat, fed control diet for 12 weeks. The nucleus(N) contains a
prominent nucleolus(Nu). Round or elongated mitochondria(M). are well dem-
onstrated. Rough surfaced endoplasmic reticulums(RER) show lamellar pattern.
Small vesicular smoothsurfaced endoplasmic reticulums(RER) and glycogen
particles(GLY) are widely scattered. Also noted are primary lysosomes(LY).
Bar marker, 0.1¢m.

Large electrolucent
fat droplets(F) are seen in the cytoplasm. Glycogen particles(GLY) and mito
chondria{M) are not altered. Primary and secondary lysosomes{LY) are sca-
ttered. Bar marker, 0.15¢#m.
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Fig. 5. Hepatocytes of rat, fed 45%—butter fat diet for 12 weeks The fat droplets
(F) are scattered. The glycogen particles(GLY) are slightly increased in amo-
unt. Mitochondria(M) and nucleus(N) are relatively intact. Bar marker, 0.1#m.
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e}, o] Poling®, %% #44 4 PUFA stz
BE BERE BHS /1S 4 ok BEs Kin-
sell %%l ] LAEIEo| et BRS Fsha chol-
esterol -2 B AESHA =3 Jolrla R IRIHE
BE 7AS 4 ot 4% 502 oo nol s
W AREE £8S iR Eactd @R choleste-
rol £l ¢ 4 98¢ ¢ + gt

& EHol A9 RS PLS ASERERle v AR
A2 Yxio] S vhelix ¥okEwl ol& Chen®um
s} A2 Qe 22} Suzuki 5P kel o
s EEEIASS 237 #Ey S = RS PL o
7499 siglom o Yele whelA Rabgde 2
B o] #RE & Hiel A wA HRRc gt
Al A Aoj7t 9= @b WA} WRES KEE
ol A Wolsts WEEA oY AR E& HR
o7k 912 = HREHIFSS Q<le]l Hl& Row Iux 9
o2, 2 fgpel A ByHEIRIRES RENS o
wmd A7) BRHFe] HAE Y AAslEd o]k FF
Bl A BeBbol Esl - #EER ol BIRES Amel %
o]z} e 71aldk Aol ohdsb A=l

A ol A 2 FFES B8 FRS g AF
g oelsbx ERAERS EEAA 2, 3%FRL
= {ERRAS RO A vk P/Sw)$-g AAs sFossd B
o RIFARE =sou fFow e IREid 23
sl7F glolA BBl vjs] 2 Aolsf g, 1254
ol ZhAjok Q1B Aol A okat RS fahhEke] =
F 2 3ok 490mz o) FE] REY SR}
o te] P/SKE EEslcly 223 BRe A9ils)
T vk 44 4o 5% $89 PUFAL 44

By fEiko]l 2 prostaglandin E9] FilEfpE=4 8
A2 ol £BERl EEsh*™®, cholesterol, TG
SRS WA Sy o8 BRELENS 2 o HE
b SAEhaL slel ol ARH T Y K. 2
B & HHO #RE v]Fo] »d PUFAS go| gt
3 WY Ak REMS HolA ARk 8
Wk = S Eel Qo KU BEY A+ HRI
9] TG, cholesterol%-g o)L, & 8uW] 125} 7}
AL 0%AE 77} kgt BEAA AT 2E I8
Bidito] Sket i) BRIl = FFEE 39 TG,
cholesterol G 80] FEMLE Yorm T IR
Bytkialiol vl A B o3 ke Aus
A5 K] v2E Jake] A Ao

olelqt & ERS KR n|So] ¥ o iU}
= BRENE mAel oJelsk) BB Qo Wi
o] glvtx ok

45%BE-L 53 872e| ulzFol wal FFES ol
742 BREEEe] ¥ 50u1x] 60%) FFRkel okst &2
gl A A% A Iehistike) Qoiytch FFRRS &
€ IRE aBow ¥ =t @EENos W 58
Bk Al glolA $7) 2 JaE SRS

a8 E2 RES WEel Qo) BRe Bl &Y
T ES Wl ok ¥ Zolw = PUFAS Avjznc}
£ P/SHE Z a@EpiaKe Ee meotes %
Hdo) mEsYL & 4 A5

® #

&R A8 (45%—Corn oil &EH:45%CHE) 2
Eiptt iRl & gH (45%— butter fat & #:45%BEj S} (&
FRRG &8 (3% fat A : 3%F ) & HHEBRCZ FAFE
sl A 4,89 12586 A HE A5t FEE. I
BRI triacylglycerol (TG), cholesterol, #i8H (PL)
+ A3 3 S REdesn RS 23
slgdwl wh ohgak 2L #RE a9

HEEY /M HB%CHE 1250, H%BRE &
BEWE S el wsh 2ot R TG
o glelA 45%CHe 8FHE], 45%BH-E EHRS
WiRE-ok Az Foll wis) Eokom, 46%BRfo] o ax]
ahgie

A #8088 2 cholesterol 5E5 4] TGe 7
< Agoldel a8} PLE ARG, HEPRAI=
FraAal Aol & 4 glch Mg KB ABEN
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dlAE 8F R 125004 iat A AT RE
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2Rl A Algk BES] Rl et

BTEfgon 23 245 48 8515 46%CH,
45%B Rl A Jafhitke] ool yie
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