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Effect of Leucine Intake on Body Weight Reduction in Rats Fed High Fat Diet”

Park, Hoon Jung ‘ Lee, Eun Ju - Kim, Joohee  Kim, Ji Yeon * Kwon, Oran * Kim, Mi Kyung§
Department of Nutritional Science and Food Management, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

The principal objective of this study was to determine the effects of leucine on body weight reduction in high fat
diet-induced overweight rats. To induce overweight, six-month-old male Sprague-Dawley rats (n = 80) were divided
into 8 groups; one group of 10 rats was fed on a normal fat diet and the remaining 70 rats were fed on a high-fat diet
(40% of energy as fat) for 14 weeks. Then, 10 rats fed on the normal fat diet and another 10 rats fed on the high fat diet
were sacrificed to identify overweight induction. The remaining 60 rats were divided randomly into 6 groups according
to body weight and fed on one of the diets with different dietary fat levels (9.6% or 40% of energy as fat) and leucine
levels (0, 0.6 or 1.2 g/kg BW) for the following 5 weeks of experiments. The body weight loss in the Leu-administered
groups (0.6 g, 1.2 g/lkg BW) was significantly higher than those of Leu non-administered groups. The perirenal fat pad
weights in the Leu-administered groups were significantly lower than those of the Leu non-administered groups. Of the
hepatic enzymes, glucose-6-phosphate dehydrogenase (G6PDH) activities were reduced significantly in the Leu-adminis-
tered groups than in the Leu non-administered groups. With the oral glucose tolerance test (OGTT), the incremental
areas under the curve of the glucose response (IAUC) of the Leu-administered groups were significantly lower than
those of the Leu non-administered groups. The fasting glucose concentration and HOMA-IR of the Leu-administered
groups were significantly lower than those of the Leu non-administered groups. In conclusion, the results of this study
suggest that one of the possible mechanisms of leucine in the observed body weight reduction might involve the inhibition
of lipogenic enzyme activities such as glucose-6-phosphate dehydrogenase, rather than the activation of lipolysis en-
zymes. Additionally, leucine adminstration resulted in improved glucose metabolism. (Korean J Nutr 2009; 42(8): 714 ~722)
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Leucine = o] Alo] =} isoleucine, valines 3£3F
3= branched chain amino acid (BCAA) 59| 3h}o]w
AA] YellA] o] A ko Aole oJ3)| 355 Rlolok
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FEEittal A Qiok FAZeM e Wl P49 trans-
lation initiation?] 23+ FHx}7 A 9] Aeks: 4=a8s}1,?
insulin/P31-kinase signalingg 23l ? F2LolA <+
i} FFER S HARS 9% Q. nitrogen donor EA]
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Table 1. Composition of experimental diets (g/kg diet)

Overweight-inducing

Leucine supplement period (5 wks)

Ingredients Groups’ period (14 wks)
Control High fat CLO CLL CLH HLO HLL HLH

Corn starch 465.692 324.792 465.692 465.692 465.692 324.792 324.792 324.792
Dexftrinized cornstarch 155.0 110.0 155.0 155.0 155.0 110.0 110.0 110.0
Sucrose 100.0 70.0 100.0 100.0 100.0 70.0 70.0 70.0
Casein (>85% protein) 140.0 174.0 140.0 140.0 140.0 174.0 174.0 174.0
Lard - 100.0 - - - 100.0 100.0 100.0
Soybean oil 40.0 100.0 40.0 40.0 40.0 100.0 100.0 100.0
Fiber 50.0 60.0 50.0 50.0 50.0 60.0 60.0 60.0
Mineral mix” 35.0 42.0 35.0 35.0 35.0 42.0 42.0 42.0
Vitamin mix” 10.0 14.0 10.0 10.0 10.0 14.0 14.0 14.0
L-cystine 1.8 2.2 1.8 1.8 1.8 2.2 2.2 2.2
Choline bitartrate 2.5 3.0 2.5 2.5 2.5 3.0 3.0 3.0
Tert-butyl hydroquinone 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008
Total amount 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
Total calories (kcal) 3776.4 4503.6 3776.4 3776.4 3776.4 4503.6 4503.6 4503.6
Energy ratio (%) Carbohydrate 77.4 46.3 77 .4 77.4 77.4 46.3 46.3 46.3

Protein 13.0 13.6 13.0 13.0 13.0 13.6 13.6 13.6

Fat 9.6 40.1 9.6 9.6 9.6 40.1 40.1

1) Control: AIN-93M diet (9.6% of energy as fat), High fat: AIN-93M diet (40% of energy as fat), CLO: AIN-93M diet (9.6% of energy
as fat), CLL: AIN-93M diet (9.6% of energy as fat) + 0.6 g/kg BW Leu, CLH: AIN-93M diet (9.6% of energy as fat) + 1.2 g/kg BW Leu,
HLO: AIN-93M diet (40% of energy as fat), HLL: AIN-93M diet (40% of energy as fat) + 0.6 g/kg BW Leu, HLH: AIN-93M diet (40% of

energy as fat) + 1.2 g/kg BW Leu

2) Mineral mix (AIN-93M-MIX) (g/kg mixture) : calcium carbonate 357.00, potassium phosphate monobasic 250.00, potassium cit-
rate H20 28.00, sodium chloride 74.00, potassium sulfate 46.60, magnesium oxide 24.00, ferric citrate U.S.P. 6.06, zinc carbonate 1.65,
manganous carbonate 0.63, cupric carbonate 0.30, potassium iodate 0.01, sodium selenate 0.01025, ammonium paramolybdate 4
H20 0.00795, sodium metasilicate 9H20 1.45, chromium potassium sulfate 12H20 0.275, lithium chloride 0.0174, boric acid, 0.0815
sodium fluoride 0.0635, nickel carbonate 0.0318, ammonium vanadate 0.0066 and sucrose finely powered 209.806.

3) Vitamin mix (AIN-93-VX) (g/kg mixture) : niacin 3.00, calcium pantothenate 1.60, pyridoxine HCI 0.70, thiamine HCI 0.60, riboflavin
0.60, folic acid 0.20, biotin 0.02, vitamin E acetate (500 IU/g) 15.00, vitamin B12 (0.1%) 2.50, vitamin A palmitate (500,000 IU/g) 0.80,
Vitamin D3 (400,000 IU/g) 0.25, Vitamin K1/Dextrose Mix (10 mg/g) 7.50 and sucrose 967.23
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Table 2. Food intake and body weight in rats fed diets with different levels of dietary fat during and after overweight induction period

Body Weight change/

y Food intake Calorie Intake . . . Perirenal fat Epididymal fat
Group (g/day) (kcal/day) weight gain Calorie infake ad (g) ad (@)
greay Y (g/14 weeks) (/100 keal) pad g pac g
Control 25.03 + 0.92”°%  94.53 + 3.46™* 134.08 + 12.85° 1.40 = 0.09° 22.54 + 213" 16.72 £ 1.31°
High fat 22.02 + 0.81° 99.16 + 3.67 206.69 + 17.06° 202 £ 0.10° 23.56 + 1.27 21.73 + 1.65°
1) See Table 1

2) Mean = standard error (S.E)
3) Values within a column with different letters are significantly different at « =0.05 level by Student’s t test
4) Values within a column are not significant at @ =0.05 level by Student’s t tes

Table 3. Food intake, calorie intake and body weight in rats fed diets with different levels of fat and/or leucine

Weight change /Calorie

N . P .
Group Food intake (g/day)  Calorie intake (kcal/day) Weight change (g/5 weeks) infake (/100 kcal)
CLO 21.01 +0.78”% 79.32 + 2,96 —53.94 + 9.93° -0.73 £ 0.1¢°
CLL 20.59 + 0.77° 77.76 £ 2.89 —58.19 + 9.24° —-0.80 + 0.15°
CLH 20.12 + 0.80® 75.96 + 3.03 —54.25 = 11.07° -0.78 £ 0.19°
HLO 18.39 + 0.62° 82.84 = 2.78 1.78 + 7.59° 0.01 + 0.08°
HLL 17.32 £ 0.41° 77.99 £ 1.84 —37.56 + 7.61° —0.49 +0.10°
HLH 16.92 + 0.63° 76.20 £ 2.83 —41.15 £ 8.56° -0.56 + 0.12°
Significant factor” A - A, B, AB A, B
1) See Table 1

2) Mean = standard error (S.E)

3) Values within a column with different letters are significantly different at @ = 0.05 level by Duncan's multiple range test

4) Values within a column are not significant at @ = 0.05 level by Duncan’s multiple range test

5) Statistical significance of experimental factors was calculated using two-way ANOVA. A: Effect of dietary fat level was significant
at @ =0.05, B: Effect of leucine level was significant at @ = 0.05, AB: Interaction of dietary fat and leucine level was significant at
a =0.05
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Fig. 1. Perirenal fat pad (A) and epididymal fat pad (B) in rats fed
dietfs with different levels of dietary fat and/or leucine (see Table 1
for group description). The high fat induced animals were orally
administered Leucine as separate feeding for 5 weeks with con-
trol diet or continuous high fat diet. Values are expressed as
mean £ SE shown by vertical bars. Values with different letters
are significantly different at ¢ = 0.05 level by one-way ANOVA.
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Fig. 2. Activities of carnitine palmitoyl transferase (A), glucose-6-
phosphate dehydrogenase (B), and malic enzyme (C) in rats
fed diets with different levels of fat and/or leucine. Values are
expressed as mean * SE shown by vertical bars. Values with dif-
ferent letters are significantly different at @ = 0.05 level by one-
way ANOVA.
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Fig. 3. Blood glucose concentrations during oral glucose toler-
ance test in rats fed diets with different levels of fat and/or leu-
cine. The animals received orally administered glucose (1 g/kg
bw) with or without leucin after overnight fasting for 12 h. Blood
glucose levels were determined from tail blood samples at 0, 30,
60, 90, and 120 min and incremental blood glucose concentra-
tions were integrated over a period of 2h (A: control diet with
different leucine levels, B: high fat diet, C: incremental area un-
der the curve of the glucose response) . Values are expressed as
mean =+ SE shown by vertical bars. Values with different letters
are significantly different at @ =0.05 level by one-way ANOVA.
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