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Basic Study to Review Whether Dietary Modifications for the Repression
of the Body-fat Accumulation, Muscle-mass Loss and Bone Mineral
Density (BMD) Loss in Postmenopausal Women:

Effects of Dietary Amino Acid Supplements to the Diet on Muscle-mass,

Femoral Bone Mineral Density and Running Activity of the
Ovariectomized Adult Rats under Food-restriction

Miho AOYAMA, Yumi SATAKE, Rina SUZUKI, Sayaka TAKEMURA,
Asami TATENO, Shiori CHIKU, Yuri NISHIGAI, Yuri NUMAGAMI,
Haruki MORIOKA and Hidemichi EBISAWA

The present study aims to review whether dietary modifications will prevent body fat accumulation,
muscle mass wasting and bone mineral density loss in postmenopausal women who incorporate physical
exercise into daily life.

9-week-old ovariectomized Wistar strain female rats were divided into four groups: CA-Ex, Gln-Ex,
Leu-Ex and CitD-Ex. Depending on which group they were in, the rats were given a 20% casein protein
based experimental diet supplemented with nothing (control diet, CA-Ex); 5% of L-glutamine (Gln-Ex);
5% of L-leucine (Leu-Ex); or 2.5% of L-citrulline+2.5% of D-serine (CitD-Ex), each 11 g per day for 10
weeks. All of these rats were housed in individual cage with a running wheel for 10 weeks. A sham
operation was carried out on another group of rats (Sham) and were given the same diet as CA-Ex, the
control diet.

Results were as follows:

1) Uterus weights of the ovariectomized rats, that is group CA-Ex, Gln-Ex, Leu-Ex and CitD-Ex,
appeared to show lower values than that of the group Sham.

2) No significant differences were observed in a) changes in body weight, b) blood analyses, c) liver,
kidney, uterus and muscle weights, and d) femoral-bone mineral density in groups Gln-Ex, Leu-Ex,
and CitD-Ex as compared to the group CA-Ex.

3) Relatively higher running activity was observed in group CitD-Ex than that of group CA-Ex. This
observation suggests that increasing dietary L-citrulline plus D-serine in postmenopausal rats may
lead to an increase in physical activity.

Further research is needed to understand the physiological and nutritional significance of the

unexpected results that dietary amino acid may accelerate the physical activity.

Key words: L-citrulline (L-= + /&' ) >), D-serine (D-¥ Y >), running activity (GE{72Z %)), ovariectomized
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Table 1. Compositions of experimental diet

CA-Ex Gln-Ex Leu-Ex CitD-Ex
L-Glutamine 0 50 0 0
L-Leucine 0 50 0
L-Citrulline 0 0 25
D-Serine 0 0 25
Casein*! 220 220 220 220
a-Corn starch* 406.7 373.3 373.3 373.3
Sucrose 203.3 186.17 186.17 186.7
Cellulose powder™ 50 50 50 50
Mineral mix.*? 50 50 50 50
Vitamin mix.* 20 20 20 20
Corn oil 50 50 50 50
Total amount 1000 1000 1000 1000
* . Obtained from Oriental Yeast, Co. LTD.
1> Protein contents 85%. ?: AIN93M. °: AIN93.
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Figure 1. Changes in body weight

Table 2. Body weight and organ weight

Body weight

Organ weight

n Initial Final Liver Kidney Uterus
Group g g g/kg BW
CA-Ex 6 262.8%£16.4 244.11+4.9 29.5+3.3 3.76+0.31 0.52+0.20
Gln-Ex 4 273.2%£6.1 241.8+15.9 28.0+1.6 3.74+0.35 0.45+0.06
Leu-Ex 5 269.1%14.7 255.5£11.7 25.1+2.3* 3.97£0.34 0.52+0.18
CitD-Ex 5 266.6£12.0 240.0£6.8 26.8+3.7 4.201+0.23* 0.4940.17
Sham 5 243.0%11.5 224.6+£9.8 30.9£2.2 3.5610.25 2.0440.28
Right kidneys were weighed. * : Significantly different from group CA-Ex.
Table 3. Biochemical blood analysis values
n Albumin AST ALT BUN

Group g/100 ml Karmen Karmen mgN/100 ml

CA-Ex 6 3.04%0.20 68.11+22.9 8.4+1.2 16.0£2.9

Gln-Ex 4 2.84+0.13 85.51+18.6 8.6+2.4 13.0£2.2

Leu-Ex 5 3.12+0.06 72.94+3.5 11.4£7.0 12.6 1.7

CitD-Ex 5 2.88+0.18 93.2+31.3 10.8£3.1 12.9+1.7

Sham 5 3.01+0.16 73.11+8.3 12.4£3.0 12.4%3.5

*No significant difference was observed betwe
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Table 4. Effects on muscle weight and femoral-BMD of dietary amino acid supplementation in
OVX rats with voluntary running exercise

n Gastrocnemius m.

n

Total-BMD  Cortical-BMD  Cancellous-BMD

Group g/kg BW
CA-Ex 6 6.4110.35
Gln-Ex 4 6.490.34
Leu-Ex 5 6.76£0.36
CitD-Ex 5 6.3210.31
Sham 5 6.0020.45

[ L N =

mg/cm’
492126 999+36 367+13
474122 1008%22 342+19
484+33 100311 356+48
52337 1038443 386158
59530 1030+21 48940

BMD: Bone mineral density.

Gastrocnemius muscle and femoral-BMD of left leg were measured.

Femoral-BMD in distal area was measured by X-ray CT.

No significant differences were observed between group CA-Ex and other experimental groups in muscle weights

and femoral-BMD.
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Figure 2-A. Exercise activity at start phase
Values expressed are distances run every 60 min.
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Values expressed are distances run every 60 min.
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Figure 3. Running exercise levels
The height of filled and hatched column indicates running distances at

start and end of experimental periods, respectively.
*. Significantly different from group CA-Ex, at p<0.05.
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Figure 4. Running exercise levels in individual rat at

terminal of experimental period
Mean values in groups CA-Ex, Gln-Ex, Leu-Ex and CitD-Ex were 1019

+446, 1591907, 2497%1732 and 60714368, respectively.
*: Significantly different from the group CA-Ex, at p<0.05.
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