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Effect of the changes in the Ratio of Dietary Fat to carbohydrate and Energy
Restriction on Insulin Sensitivity in Rats
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=ABSTRACT=

The current study was undertaken to determine the effects of the ratios of dietary
fat to carbohydrate and energy restriction on insulin sensitivity in the growing rats,

Male rats weighing 80-90g were fed experimental diets for two weeks, Rats were
killed and epididymal adipose tissue were removed and sliced. Explants of adipose tissues
were incubated for 2 hours in KRB(Krebs—Ringer bicarbonate) buffer containing various
concentrations of human insulin and (U-“C] glucose. Insulin sensitivity was determined
as glucose conversion to total lipids (lipogenesis) during 2 hr incubation.

Exp't I : Effects of Ratios of Fat to Carbohydrate on Insulin Sensitivity.

Eighteen male rats were fed 3 diets for 2 weeks, Diet 1 was low fat—high carbohydrate
(4% soybean oil and 66.5% cornstarch) : diet 2, medium fat-medium zarbohydrate(12%
soybean oil and 585% cornstarch ) : diet 3, high fat—low carbohydrate (20% soybean
oil and 50.5% cornstarch ). Insulin sensitivity was higher in the order of LF-HC, MF
—MC and HF-LC diet groups (p<0.05), ie. lipogenesis was higher at all insulin concen-
trations in the explants from rats fed LF—HC diet. However, there was no significant
difference in body weight gain and epididymal adipose tissue weight among treatments,

Expt II : Effects of Energy Restriction on Insulin Sensitivity.

H+Y 2} :1989d 89 129
* 2 ATE 19889 HRHUFAG Qulol ofaA ol 2ojW R

— 266 —



R

4% 7-

Twelve rats were grouped into ad libitum feeding and restricted feeding (70% of ad
libitum ). The experimental diet was medium fat-medium carbohydrate diet as used
in the Exp’t 1. Restricted feeding group tended to show higher insulin sensitivity com-
pared to ad libitum group . However, there was no statistical difference between two
groups. As expected, body weight gain and epididymal adipose tissue were higher in

the ad libitum group.

In summary, the results of the current study showed that the epididymal adipose tissue
taken from the rats fed low fat—high carbohydrate diet showed higher insulin sensitivity
compared to those fed high fat—low carbohydrate, and that resticted feeding tended

to elevate insulin sensitivity in these tissues.
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1) Incubation buffer?t& 7]

Krebs —Ringer bicarbonate buffer (KRB :
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Table 1. Composition of experimental diets

A

%67

Treatment Low fat Medium fat High fat
Ingredients( % ) (4%) (12%) (20%)
Casein 20 20 20
Cornstarch 66. 5 58.5 50.5
Soybean oil 4 12 20
Cellulose 5 5 5
Vitamin mixture" 1 1 1
Mineral mixture? 3 3 3
Choline chloride 0.2 0.2 0.2
DL-methionine 0.3 0.3 0.3
Chemical composition 7.85
Moisture 10.2 9.48 2.82
Crude ash 2.81 2.71 18.2
Crude protein 17.5 18.1 21.4
Crude fat 4.55 14.4 49.7
Carbohydrate 64.9 55.4 49.7
Total calorie (kcal/kg diet) 3705.5 4176.0 4642.0
Fat(% . keal) 11 30 42

1) Vitamin mixture(g /100g)

: Vitamin A acetate, 93.2 . Vitamin D;, 0.5825 : Vitamin E acetate, 1200 ;

Vitamin K;, 6 ; Vitamin B, hydrochloride, 59.0 ; Vitamin B,, 59.0 ; Vitamin B, hydrochloride,_ 29.0 :.Vitamin
By, 0.2 : Vitamin C, 588 : D—Biotin, 1.0 ; Folic acid, 2 ; Pantothenic acid, 235 ; Nicotinic acid, 294 :

Inositol, 1176 : Lactose, 96257
2) Mineral mixture (g /100g) :

CaHPO; - 2H,0, 043 : KH,PO,, 3431 :

NaCl, 25.06 ; Fe-citrate, 0.623 ;

MgSO0, - 7TH,0, 998 ; ZnCl, 0.02 :MnSO, - 4—5H,0, 0.121 : CuSO, - 5H,0, 0.156 ; KI, 0.0005 : CaCO,,
29.29 1 (NH,)éMo/O, - 4H,0, 0.0025
o9 AwrzAe E3E LAS A uks =3 Age &2 KRB bufferd] 33% labeling =
37] 91814 incubationo] B¢t ¥ AWzl A ¥& F EETH(GmM, 3ccolE 15pmole)
2AE g3, A} vialel @& ¥ 5ccd Dole’s o, 1ncubation vialoll £ F4C activity 3 F
Z o (isopropanol :n—heptane : IN—H,S0, = 28 AEd 239 A HEE F8A 7R
4 :1:0.1)&® ¥ ultrasonic waterbathel] 4] t}.
0¥ Ae FEUoh Aol &4 viald lipogenesis — glucose(nmole) X CPM
3cc?] n—hexane 3} 3cco] B2& W ¥ A= pog -8 total CPM
o g X /U189 E e 6ec vialdll ~+ weight of tissue
Q1 oA 15<:c9] hexane©.2 37}, )+
& ¥ Ae F71 8= FEAIA §lof 2L Sce 3 =AM

9] suntﬂlatlon cocktail-& g o]Liguid Scintillation
Counter(Packard Tri—Carb 1500)2 =X]4e]
radioactivity & Z33th Exgdo] oz

213 20049 At 7 AP HEA
g BELAE AL, SASEVl LA
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Table 2. Body weight gain and weight of epidiymal adipose tissue of expermental animals

(Exp't 1)

Treatment Low fat Medium fat High fat
Item (4 %) (12%) (20%)
Initial body weight (g) 107.2+£1.0" A 108.5 1.3 A 105.0 £1.9 A
Final body weight (g) 207.4+4.1 A 2076 5.5 A 200.4 £3.4 A
Body weight gain(g) 100.2+4.4 A 99.1 £5.3 A 95.3 £2.6 A
Epididymal adipose tissue(g) 2.04+0.11A 2.3 £0.07A 2.30%0.11A
Epididymal adipose tissue (mg) 9.80+0.36 A 11.19%0.11A 11.44%0.39A
/Final body weight(g)

1) Mean+SEM

2) Mean with the same letters are not significantly diffent.
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Table 3.Lipogenesis pooled from 6 different in-
sulin concentration(Exp't 1)

Treatment Low fat Medium fat High fat

(4%) (12%) (20%)

56.97+6.89"A7 3391+315B 24011171 B

1) nMole glucose converted to total lipids / mg tissue
/ 2 hr(Mean+SEM)

2) Means with the different letters are significantly
different(P<0.05)
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Table 4. Body weight gain and weight of epididymal adipose tissue of experimentalanimals

(Exp't 2)
Treatment Ad libitum 70% restricted
ltem

Initial body weight (g) 109.1+ 1.6" A” 110.1 £1.9 A
Final body weight (g) 211.61+4.0 A 1725 £1.5 B
Body weight gain(g) 102.5 £3.7 A 62.4 £t1.2 B
Epididymal adipose tissue(mg) 2.11+0.11 A 1.71£0.05B
Epididymal adipose tissue (mg) 9.98+0.50 A 9.92+0.31A
/ Final body weight(g)
EAT / Total kcal? 2.38+0.14 A 2.81+0.18 A

1) Mean+SEM

weight of epididymal adipose tissue(g)

X 10,000

2) EAT / Total keal =

calorie intake during total expenmental period(kcal)

3) Means with different letters are significantly different(P<0.05)
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Table 5. Lipogenesis pooled from 6 different
insulin concentrations

(Exp't2)
Treatment Ad libitum 70%restricted
40.074+4.56" 48.15+5.11 NS?

1) nMole glucose converted total lipids / mg tissue
/ 2 hr(Mean1SEM)
2) N.S.=not significant
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Fig. 1. Insulin—stimulated lipogenesis in epididymal adipose

tissue from rats fed low(Q), medium (@)and high
(m)fat diets for 2 weeks(Exp't 1).

There was a significant difference in lipogenesis
among treatments at all insulin levels,

Each data point js the mean+SEM from 6 rats.
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Fig 2. Insulin—stimulated lipogenesis in epididymal
adipose tissue from rats fed ad libitum(Q)and

restricted (70% : @)feeding for 2 weeks,
Each data point is the mean+SEM.

feRE glgich

nRsE gardlez g
F7HAReR AlgHH,
A& AREE F7HAZ

Ve E

g gz oqF ALPdFez £ <

’“% N7Eel7] WEd 2 AFE g2 A
gl &A1 doe AFHe] deu, A
TR Fay T4 Ee #AE nE
o AJAbHE Hl7} Ao

ol Fe AFEH dFFEol Usd 7



M3 E R

gd] WAL Gl e TS P 79
AaAE g ARz 3 2
Holqe Agd 48 ZFekat FAlo)
d  #8A0 g A7 Festin Agz}sa

o,

l‘N tio

3
o
1:"

32 s

1) 884, 240, 4% 145

¢l ojgdole) A W @ Yo %r& eﬁ- Lis
T 483 2] 13(1) : 27-36, 1980

2) o2, £59, BT, $37, WEE, UE,
=9l 18, 20190l M g Bd Age] @
g A8t A, G §(1) 1 5-14, 1984

A%, AE gAY 4% 2 olEe]

Hzol g nF TZ2 HAFA 11(2) : 163

4) &4 —T— HEAl vgtolg o] wigkggle]l #AHH
AR ZAIA T dFRAYI A 11(2) : 29-52,
1985

5) 294, 98g. NgAdl Al 208 o159

Hlgbg Rl A3, g Fetd A 21(5)

283294, 1988

o], o]dsh gAY 104 o}F 9 ulto]

A AL 359 2F8ks] =) 19(6) © 409-419, 1986

7) IS %J A, A F=d G 9y

% ATt ek W7} &3] %) 5(2): 89-108, 1962

Bagdade JD, Bierman EL, Porte D. Jr. The Sig-

nificance of basal insulin levels in the evaluation

(=2
~—

9Lol

j=
/\

o 2]

of the insulin response to glucose in diabetic and
nondiabetic subjects. J Clin Invest 46 . 1549-1557,
1967

Davidson JK, eds. Clinical Diabetes Mellitus A
Problem Oriented Approach. Thieme Inc. New
York p54—63, 1986

DeGroot L]. Endocrinology Vol [I. V. Pancreas
Pathogenesis of Non —Insulin —Dependent Diabe-
‘es, Saunders WB Co. 1369, 1989

.11) American Institute of Nutrition. Report of the

9

~—

10

~

American Institute of Nutrition Ad Hoc Committee
on standards for nutritional studies. J Nutr 107 :
1340 —1348, 1977

12) Rogers QR, Harper AE. Amino acid diets and
maximal growth in the rats. J Nutr 87 . 267-273,

1965

13) Dole VP, Meinertz H. Microdetermination of long
chain fatty acids in plasma and tissues. J Biol Chem
235 © 25952599, 1960

14) Bar A}, Goodnight J, Sall JP, Blair WH, Chilco
DM. The SAS Users Guide, Raleigh, NC : SAS
Institute, 1979

15) Herzberg GR, Rogerson M. Interaction of dietary
carbohydrate and far in the regulation of hepatic
and extrahepatic lipogenesis in the rat. Br J Nutr

. 59 : 233-241, 1988

16) Olefsky JM., Mechanisms of decreased insulin res-
ponsiveness of large adipocytes. Endocrinology 100
: 1169-1177, 1977

17) Green A. Glucagon inhibition of insulin stimulated
2—deoxy—glucose uptake by rat adipocytes in the
presence of adenosine deaminase. Biochem J 212:
189-195, 1983

18) Olefsky JM, Mark Saekow. The effects of dietary
carbohydrate count on insulin binding and glucose
metabolism by isolated‘rat adipocytes. Endocrinology
103 : 2252-2263, 1978

19) Hiroshi Maegawa, Masashi Kabayashi, Osamu
Ishibashi, Yasumitsu Takata, Yukio Shigeta,
Effect of diet change on insulin action difference
between muscles and adipocytes. Am J Physiol 251
. E 616-E623, 1986

20) Grundleger ML, Thenen SW. Decreased insulin
binding, glucose transport, and glucose metabolism
in soleus muscle of rats fed a high fat diet. Diabetes
31 1 232-237, 1982

21) Issad T, Coupé C, Pastor—Anglada M, Ferré P,
Girard J. Development of insulin—sensitivity at wean-

ing in the rat : Role of the nutritional transition.

— 273 —



- qolF A % grstg e v g GFA ] g3 Jed UBE lAe 4% -

Biochem J 251 : 685-690, 1988 24) Craig BW, Thompson K, Holloszy JO. Effects of

22) A7, U=38. AN A85e AE5AR2 stopping training on size and response to insulin of
AFSE 3F 9] A Al 2 dgsEd o fat cells in female rats. J Appl Physiol 54(2) : 571
g A7 g d A 22(1) : 42-53, 1989 -575, 1983

23) Craig BW, Hammons GT, Garthwaite SM, Jarett 25) Brady L], Goodman MN, Kalish FN, Ruderman
L, Holloszy JO. Adaptation of fat cells to exercise NB. Insulin binding and sensitivity in rat skeletal
2 response of glucose uptake and oxidation to insulin. muscle : effect of starvation. Am J Physiol 240 :
J Appl Physiol 51 : 1500--1506, 1981 E184-E190, 1981

— 274 —



