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Beneficial Effects of a Soy Protein Diet and a Soybean Trypsin Inhibitor in
Genetically Obese and Diabetic Rats Lacking Cholecystokinin-A Receptor

Kyoko MIYASAKA, Setsuko KANAI Minoru OHTA and Ayako SEKIME

Department of Clinical Physiology, Tokyo Metropolitan Institute of Gerontology,
Tokyo 173-0015

ABSTRACT

Otsuka Long-Evans Tokushima Fatty (OLETF) rats were developed as a model for
noninsulin-dependent diabetes mellitus NIDDM). OLETF rats are characterized by
late onset of hyperglycemia at 18 weeks of age, followed by insulin-dependent diabetes
mellitus at 65 weeks of age. Soybeans and their products are classical Japanese food
and are generally believed to be good for health. In this study, we compared the
effect of a special diet, consisting of soy protein, on energy metabolism of normal
LETO rats and genetically diabetic OLETF rats. Twelve-week-old male rats of LETO
and OLETF strains were fed this experimental diet in parallel with CRF-1 (control)
and examined for respiratory quotient (RQ) and the blood or plasma parameters
associated with diabetes mellitus. We also examined whether abnormal intestinal
triglyceride metabolism in OLETF rats with NIDDM could be improved by soy
protein and/or soy peptides diet. A mesenteric lyphphnode fistula was prepared.
Administration of a soy protein diet increased daily food intake but did not change
daily energy expenditure in LETO rats, resulting in increased body weight. In
diabetic OLETF rats, administration of a soy protein diet increased daily energy
expenditure, but daily food intake did not change therefore, the body weight slightly
decreased. Moreover, glucose tolerance test was slightly improved by administration
of a soy protein diet. The intestinal fat absorption was not influenced by long-term
administration of a soy protein diet. However, simultaneous infusion of a soy peptide
with fat into the small intestinal lumen, decreased the intestinal fat absorption.
Thus, ingestion of soy protein and/or peptide might prevent fat absorption and
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hyperlipidemia as well as obesity. Soy Protein Research, Japan 7, 102-107, 2004.
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Table 1. Compositions of CRF-1

kcal/100g 359

Protein (g) 22.3
Water (g) 7.8
Fat (g) 5.7
Minerals (g) 6.6
Fibers (g) 3.1
Carbohydrate (g) 54.5

Airin

Flow meter

Solenoidjvalve

Air pump

CaCl: petanolic cage

== _ )
)

02 Coz

Gas analyzer Recorder Computer

Fig. 1. Schema of the system for measuring energy
metabolism.
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Table 2. Energy expenditure and respiratory quotient

RQ
CRF-1 Soy-protein diet
OLETF rat (8) (7)
Body weight (g) 676.0+7.7 591.8+6.4*
kJ/rat/day 231.4+10.0 295.3+£24.0*
kJ/kg body weight 346.1£9.6 499.7+£40.6*
RQ 0.95+0.01 0.95+0.02
LETO rat (8) (7)
Body weight (g) 494.2+11.5 472.1£9.8
kJ/rat/day 204.3+7.5 224.2+20.3
kJ/kg body weight ~ 410.9£18.0 475.0+42.8
RQ 0.98+0.01 0.96+0.02

The number in the parentheses is the number of animals,
*; significantly different from the value of CRF-1 (P<0.05).

Table 3. Blood pressure at 17-19 wk of age

CRF-1 Soy-protein diet
OLETF rat (6) (7)
mmHg 151.9+6.6 144.7+2.1
LETO rat (6) (4)
mmHg 139.6+13.6 135.4+6.9

The number in the parentheses is the number of animals
examined.
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Fig. 2. Oral glucose tolerance test in OLETF (left panel)
and LETO rats (right panel) of 23 wk age fed both
control and soy-protein diets. Each symbol and
bar represents the mean = SE. The numbers of
animals are shown in Table 2. An arrow
indicates glucose ingestion. Open circles and
squares represent the results of CRF-1 and
closed ones do those of soy-protein diet.

*; significantly different from the value of CRF-1.
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Fig. 3. Plasma levels of triglycerides and cholesterol in
OLETF (upper panels) and LETO rats (lower
panels). The mean + SE, the numbers of animals
are shown in Table 2. Open columns represent
the results of CRF-1 and closed ones do those of
soy-protein (soy-prot) diet.

*; significantly different from the value of CRF-1.
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B E L, 2 OB PRGN E & OB & 1k -
TWw/z (Tabled).
& D 5 DRI
CRF-1#%5-H:DOLETF S v b2 BT 2 IR I D44
B (n=4) LIBLT, KEZAHERGZE 2]
MPEERS oz, —F, IRIGE FERCGEERE 7
ABEEEEAT D &, RIS R &z, Ll
WL, FZ1IEOADFEREDT, BIME 5L
ETHb (Fig. 4).

Z ES

KLz AHERR O BEM&ES O%FIE, OLETF,
LETOZ v M THTOMEN A SN2, LETOT v k
T, KE7ZAHERE O o5t AR ML,
AT - REIEREEE D T, KERNICRE
L7z, L2 L, OLETFZ v T, Eaii

Table 4. Body weight and tissue weight

CRF-1 Soy-protein diet
OLETF rat (8) (7)
Body weight (g) 695.4+7.7  657.1%£17.8
Liver (g/kg body weight) 24.94+0.7 24.1+1.7
Pancreas (g/kg body weight)  1.07+0.08  1.05%0.05
Visceral fat (g/kg body weight) 63.8+2.9 56.6+2.2
LETO rat (8) (7)
Body weight (g) 504.0+10.0 560.1%+13.3*
Liver (g/kg body weight) 14.44+0.5 17.3+0.6
Pancreas (g/kg body weight) 1.15+0.04  1.36%0.43
Visceral fat (g/kg body weight) 20.5+1.3 28.7+1.7*

The number in the parentheses is the number of animals,
* significantly different from the value of CRF-1 (P<0.05).

40
301
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triglyceride output (mg/h)

0 T T
0 2 4 6

time, h

Fig. 4. Lymphatic triglyceride transport in OLETF rats
at 18-19 wk of age. Open circles represent the
results of CRF-1 (n=4, the mean * SE), and
closed ones do those of soy-protein diet. Open
squares represent the results of simultaneous
infusion of fat and soy-protein isolate.
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