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Changes in the Lipid Composition and Some Enzyme Activities
in the Rat Liver as Affected by Diets.
by
Yung-Kuk Kim, M.D.

Department of Biochemistry, Seoul University, Medical School
(Directed by Prof. Nak-Eung Sung)

Albio rats right after weaning, weighing 50~55g., were divided into the control, high-carbo-
hydrate-, high-lipid-, and high-protein-fed groups. and were fed for 12 weeks with the respective
diets to observe the increase in body weights as well as changes in the chemical constituentes
and enzyme activities in the liver tissue, with the following results.

(1) There was little difference in the rate of increase in the body weights among the groups,
showing normal growth, except the high-protein-fed group which showed decrease in rate of
body weight increase from the 7th week after feeding.

(2) The liver weight was either increased after 12 weeks of feeding with the high-carbohydrate
and high-Lipid diets, or showed no difference with the high-protein diet, as compared to the
control weight.

(3) The liver cytosol protein content was increased when fed with the high-protein diet, but dec-
reased when fed with the high-carbohydrate and high lipid diets, as compared to the control content.

(4) The triglyceride and cholesterol contents in the liver were decreased in the high-
protein-fed group, but increased markedly in the high-carbohydrate- and high-lipid-fed groups
as compared to the control values.

(5) The hepatic glucokinase, G6PD, LDH, and fatty acid synthetase activities were increased
in the high-carbohydrate and high-lipid-fed groups, and GOT and GPT activities were increased
in the high-protein-fed group.

From the above results. it was known that the high-carbohydrate and high-lipid diets stimulated
the hepatic lipid metabolism, giving rise to lipogenesis, but the high- protein diet could prevent

the lipogenesis leading to the body weight increase.
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Table |. Ingredients and nutrient compositions
of the standard diet.

[ngredients Weight (kg)
Wheat germ 40
Skimmed milk 10
Fish meal 17
Bone meal 1
Rice bran 40
Soybean meal 30
Wheat grits 60
Salt mixture 1
Vitamine mixtwe(Nopcoscl) 1

Total 210

HBEEAE & 97404 A4 33 (Sp-
rague Dowleyf)S A}-&-3lg . om A% 214 o) HEslel
o H 1% FEAEEY A5k, f8%Ee] 50~552
o o]2 AL EfFEBEY HEAoR 4l

o= HREEwe BHE GEE BRE Y 5ES
BaEMNY afom THaH, A7 AviEEd 175e
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ad libitum & % $EEA S5+
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& 2442 kom AlFg el

BHBAAY HHgPT-E 25 Spectronic 20 Spec
trophotometer&, 28] 3 pyridine coenzyme®] 44T
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Table [. Percentage composition of the experi-
mental diets administered to each group
of the albino rats for 12 weeks

| Composition, %

Animal gsoup -
Carbo- . . . [Mineral
hydrate Lipid l Protein & Water

Control 70.0 5.0 16.5 6.9

High carbo-

hydrate 80.0 2.0 11.5 6.5

High lipid 42.0 25.0 16.5 6.5

High protein 58.5 5.0 30.0 6.5
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plenolZRZE-S o] 438t Lowry5(33)8 JiEL= fE
T a, oldl o] RS ©l 8] Kieldahlometry g4
gEaeas ks ST 4 albumin(Sigma
P& FAS

o]ebgke] Q& HHifEE G6PDe LDHY BEAR
% WSS BmsE RER A%k
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tate 0.5ml, mg/ml®] NADH(Sigma#l/f) 0.2ml,
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Table 1.

Comparison of increases in the body weights of albino rats fed with high

carbohydrate, lipid, and protein diets.

== Weeks T !
Animal 0 1 2 3 4 5 6 7 8 9 10 11 12
groups T~
#50.4] 68.2 92.7] 120. 4] 146.2 167.0| 189.0| 220.3| 242. 6] 253. 0| 266.0| 278.5| 298.0
‘Control +92.3) +3.1) +3.5 +6.1) 9.5 +8.7)+10.2)+12.1+13.5+10.7) +8.9*11. 2+12.1
55.1| 69.2 106.7) 131.5 157.2| 178.2] 195.6 225.6| 241.5) 263.2] 281.3| 308.2| 310.0
High carbohydrate | jg of 44 5l 47,3 +8.1| +7.8/+10.5+11. 5|+ 11. 2|+ 12. 6|+13. 5|11, 6{=11. 5|+13.5
54.4| 67.8 92.5| 115.7| 137.8] 179.5| 202.5| 221.0] 250.4| 278.9| 297. 8| 812.5( 515.7
High lipid +1.5 +3.3 +4.1 i5.3} +5.1] +9.3|+10.1|+11.5/-+16. 1)+12. 6|+13.2| +9.8/+12.4
, 55.50 64.8 97.5| 121.5 148.5| 172.9| 189.5| 200.0| 217.8| 231.5| 250. 0] 258.5] 272.7
High protein +2.7| +3.9] +4.2 7.3 £8.8 +6.6] £9.7[410.2 +9.8+11.2/+12.5/+11.6{+12.5

<% Ficures denote the mean values +
W/ Wo
6,01

a0t

30}

201

+ standard devictions obtained from 40 animals in each group.

O~———0 Control

o———o High carbohydrate
icemnnnsex High lipid
a~——=—a High protein

N |

5

S 7 8 9 10 1 2
Weeks

Fig.1 Relative Variations in the body weights of the albino rats fed with high carbohydrate, lipid,
and protein diets; w/wo, ratio of the body weight(w) to the original body wight(wo)-
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B3 496-:0.23¢]9lw Aeleh. &, FSHFELS 12§ o)
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BES WHIA ERIQSoz BEE SlaAY
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10.8%7F v w2 7.820.9g9k 7.240.7g24 EHEER
Y BREARENS BRI 37 19 FdEE
goEAAE @ 4 A% zdY BESRE £#8



Table V.

Comparisonof the body and liver weights and cytosol protein contents of liver

of the albino rat after feeding withigh carbohydrate,lipid and protein diets for12weeks.

Body weight(g)

\ Liver cytosol protein

Liver weight(g) (mg/g wet liver)

Animal group \

Control 298.0%12.1
High carbohydrate-fed 310.0%13.5
High lipid-fed 315.7+12.4
High protein—fed ( 272.7-£12.5

6.510.4 ‘ 3.240.2
7.840.9 2.940.1
7.240.7 2.8+0.1
6.7-0.8 4.540.3

o AE 6.740.8g0]9wl = o] EHRE 5
9 ZREZ WAL F gt 474 #KkdE A2
BED dAAE SRERR MY sxod FES
o el e BEEAR /M 3 b BIRE
Frolglml Heolvh.

I HFHRESY ERESES v 94 ENHEA
A mERo] HEN el &) RS 3.240.2mge]
Slovt BHEARS 2.940. 1mg2 A AfES] 99.6%
E Z4E B0, BREEFAAE 2.8:10.1mgz
A dA AfEY] 87.5% % 4T nygw Aotk o
2 ol R4S @ BEAEARAA: 35
5] 4.540.3mgel gl S o= HBERT o wo]
Mgt GReldrh &, 40%, 1L4f%9] #Binsl Ao
o AREHEAEY) 29F FEALC BAsz 9
& Zedd Adeold o FHiE Y EEEAL =
glo] FEAEEEY #4E MA e 298 BEOE
2 RS Rdle Ae® nalrh

%
1501
100+

S0

Liver weight

Fig.2 Comparison in percentages of body and
liver weights and of liver cytosol protein
contents bazsed on the control animals ; C,
control; CH, high carbohydrate; L, high
lipid; P, ligh protein fed groups.

Liver cytosol protein

I. FF lBESES 2

s ER S22 triglyceride®} cholesterole] 48
o] EHE, BIEE ¥ BEAHE 8 oy
MRE BVED B v 2ok BEEEY A

TableV. Comparison of the lipid contents in
the lvver of albino rat after feeding with
high carbohydrate, lipid and protein die,
for 12 weeks.

. Triglyceride Cholesterol
Animal group (mg/g wet liver){(mg/g wet liver)
Control 0.45+0.06 0.654:0.08
High carbo- = -
hydrate 0.7240.05 0.85+0.07
High lipid 1.35240.09 2.25+0.18
High prorein 0.3540.04 0.42+0.05

%
400
. 300r
o
@
=
o
© 200f
L
5
o
T 100+
7z T
ot | ZZk 3
P G CH L P
Triglyceride Cholesterol

Fig.3 Comparison in percentages of hepatic trig-
lyceride and cholesterol contents based on
the contro! animals; C, control;CH, high
carbohydrate fed; L, high lipid fed; P,
high protein fed gooups.



E ERHV BHERY ALE BEARE I
o] o]2Zy] Wl Eo] BEH] Hls|A triglyceridest
cholesterole &7l 27 S ou BELE
g9 A-$ae A4

%, FF triglyceride& 82 HEHA AdAL: #Hifs
B 0.4510.06 mg o)gl.evt CAlAE A% FobA
1.3540.09mg o] gli, v}&-& B 0.72:40.05 mg ¢l
o=h. olAL @A Vel dRel FF 3t
1L.6f%e] et Srkal Aolwh. 1V BEAEARY
Dol A 0.3520.04 mg o]l &2z m=ao] 22:2%9
Zas Byvh

Frcholesterol 489 7 $% triglycerides] &jgast
LT AE ndo] HER AdAr 94 FfE
BF g% 0.65+0.08mgolglw] Heo] Bl A= 380.7%
10.8%9] =7}tel 0.85+0.07 mg ol A3 &-& Coll
AL #3659 2.25+0.18mg2 S7slglsh. 94 &
ERAT D 0.4240.05 mg= A YWHRHS 64.6%+

Table V.

lipid, and protein diets for 12 weeks.

7.7% E3}1E =28 Zadtadgen, 47

8 Z2A = FoEe v m w2t

V. FF Bkl 24t

HEE, WRE 2 BEAEAS 128 BEI o
&9 A F 2 ERER BRE BET &
RL HERREES 9 BVFE] O 2EHT et
2.

(1) ¥ hexokinase 2} glucokinasei%{

BHFEANA AFgE] & =8lAd "=
hexokinasesb® & Tz de] st Kmoel ¥, o2

a} “E Km hexokinase”s]=], %53 glucokinasez} ¥
£ o] Kme] =& “B Km hexokinase”sl u} (30,
26) SV EAA 250l FF hexokinasel: ¥R A
f77} 0.1340.015 zmole/min/ghfolgl 24 B,C,.D o}
L gel Mz o] {EY viad A4 EHE= M

Comparison of the liver enzmes of albino rats fed with the high carbohydrate,

Hexokinase |Glucokinase GoePD LDH Fatty acid] GOT GPT
Animal group [(# mole/min|(# mole/min|(unit/g cyto-{(x mole/g cy- synthetase |(unit/g wet [(unit/g wet

g liver) /g liver) |sol protein) jtosol protein) % iver liver)
Control 0.1340.015 1.00.13 6.3+£0.3 537427 0.6+0.01 4.2+0.2 3.240.1
High ;
carbohydrate 0 14+0.025] 7.5+0.72 | 72.0:£10.5 89256 1.840.03 ‘ 4.4+0.2 3.7%0.3
High lipid 0.1440.012[ 1.8%0.21 67.2+8.9 619147 0.74+0.02 | 3.7X0.2 3.1+0.1
High proteim 0.12+0.016| 1.3%0.17 12.5+1.5 427432 0.84+0.03 | 7.8%0.4 7.0%0.3

3% mpmole malonyl CoA incorporated into {atty acid per min. per mg. cytosol protein,

f 2RE 202 E ¥ 4 doddh (6 4B =t
Dol A # 8.7%9 &7t d9x, BCAAR o3
o) # 7.6%] Vb 9AlE dgevt o BMUEEE
o7 wel(£9.2~%19.2) AfEilA] =ZA HldEe
W3 g9k & o] € Km® hexokinasel £
of e A o}F8 WEE el Ao oldE ¢ F
I

28} o)t a2 ez & Kms hexokinases!
glucokinasee| g1elAlE wi-¢ oAl w--& B3|t
BEFE Al 1.0+0.13 pmole/min/gifFe] {EHialvl
ERDAEE BT B ddAr 7.5f5d #Zd:
7.540.72 umole/min/gffe2 AZx¥ AL ng
7t s miEEed 3944 Cx 1.8 28z DY
Al 1.3429) EEE 2yt ol & BSK=2A vt
o g4afFet 2ol

(2) FF G6PD 2} LDHE*

I G6PiE#E 4] ulA] glucokinasedd E-44+gF 7 gk
£+ ng.oy AfEr; 6.340.3unit/g MIREELE o}
WAe] B,C Y Dol A A =5 BikF7HE 2e &
BEE R R A 11 4654 5 &= 72.0£10.5 unit/g
BEESHL: F59 dodrh =3 BREHEES C
{EE 10657 9 67.248.9 unit/glilEBEEHH]
i ohul BEAEARS DiEeke 234 #4314
t @ovt 2= affed 2o 12.541.5 unit/g
HAREEAEZY Ed ngder oF siastd &
B} 2ok

g fF LDHS A% 44 2 \iksahe e g
o} A& FIAS MEERC v1get XAk HA 4= BC
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Comparison of the liver hexokinase and
glucokinase activities in percentages; C,
control; CH, high carbohydrate fed; L,
high lipid fed; and P, high protein fed
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Comparison of the liver G6PD and LDH
activities in percentages; C, control; CH,
high carbohydrate fed? L, high lipid fed;
and P, high protein fed animals.
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A7 9 BRAA L FoEd H5ER4 vlag v
o e,

(4) B IEERSAREBEREN Bt

VA %ol AfE7F 0.610.01(BAZ KT,
HBR)o) 9T BlEule] % 3] @sl& 1.8+0.03
o]9la CY DfE: Z7 0.7£0.02%F 0.840.030.%
A 2A F/E AZA = g9t Aoz BEEEA
ulo] =A ol F¥EIEHY F4E AR BEEES
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Fig.6 Comparison of the liver tatty acid synthe-
tase activities in percentages; C, controls
CH, high carbohydrate fed; L, high lipid
fed; and P,high protein fed animals.
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¥ig.7 Comparison of the liver GOT and GPT
activities in pcrcentages; C, control; CH,
high carbohydrate fed; L, high lipid fed;
and P, high protein fed animals.

Dt 7.80.4 unit/gFifEfrelsgler GPTY A9
A7F 3.2:40.2 728l3 Dr} 7.040.3  unit/gHi@Te
2 2718945 ol transaminases] B wlamE &
7HE A 2E ube} 2, ‘

Z ®

2 48644 EEE Y REEAN BES FE
£ ma F8e 26 A B, ERDY
Ex I slice Q)& o= AT Hrs 35 = A
Ao BREAHEE 24V BEEAE: B
mze RBBEERA #FEAz g3 ol i FE
g9 P9 A EREBREAAT BESS)
= WIREE S0t 49 EEEAT & Ao
Frefl Aol BEERS 443 v 20 vt
4 2 AgAse A 1R BEES SREaEE
¥ G6PD-¢ bexose monophosphate shunt B#%9)
Eee 44 HRARYC 118, 10352 aA B
Ao BREARY 875 NADPHE I%
stz =9 BRAREBREE 94 7844
REBELRE 29348 7tgez 128 EBE
£EHZAE 5 20%Y, 282 BRBAHE4E®
11%9 FEEEME A L2032 ol

oleld A4 2A4Y Asty FRE &E37HE
Bolx 28§ Aol & By triglycerides} chol
esterol& Thgtol HIEERLR b3 wel 2 B
EEassy %2 EME ¥ AL o) FYE
Aol S ek

o EEAE 4825 REAEARS %
olzt gk &, o] AEEAE FERNE 9 2
AT A oA 53n A4S BEIAZC  etA
wEnd HEE, SREATA O grELHE E
23 FolAm Y& Adelgdch (51E) ¥15 G6PD
Hike] HEBMEY 2tz Zdn ERSRESR
EiEE & 3%t 3ARAd 94 KREERA
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G5k FREEES 248t A% 2307 4%
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BEAEAS F GOTEAE 2ff2, 23z GPTHE
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(10)el o shed AEMERES) Wik steld e EERE
LEE BT ¢ Jd9 2 sdn BFEAE AL &
&8 Langsl Barthel(28)e] mm3t uF gluh, ol#&
739 Z APl ol HEEES I A6 M
HAel olekgte]l A7 MEAHAIE  cholesterol
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cholesterol®] ZiEig AH4ASte kel IF
glebs ABE A oH(47). e BEC g3 BH
Y A BEEel Acetzl CoAn EREYE= KE
©] rate limitingo] sz 3™ Zackim#ZE(46)o] #i#¢st u}
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AEEES REASGHEEES wole SA

Bk ozl B 444 2E0] B Km9 glucok
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