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ABSTRACT

The aim of this study was to investigate the effects of chronic feeding with dietary
protein, on insulin resistance during weight loss, in type II diabetic mice. Obesity
was induced in KK-Ay mice by high fat feeding, followed by weight loss induced
through restrictive isoenergetic and isonitrogenous diets (35% of energy as protein
and 5% as fat) for five weeks. Restrictive diets were based on casein, wheat gluten
hydrolysate (GLU-H), or soy protein isolate- hydrolysate (SPI-H). The postprandial
RQ and generation of ®CO, from ingested *C-glucose were higher in nondiabetic mice
than in diabetic mice. The postprandial RQ was higher in GLU-H-fed and SPI-H-fed
mice than in casein-fed mice after 3 weeks. We also observed the elevated
postprandial RQ in GLU-H and SPI-H groups after all the mice had single feedings of
the casein diet. In an oral glucose tolerance test, the average oxidation of ®*C-glucose
derived from orally administered glucose solution was higher in GLU-H-fed than in
casein-fed mice. The average plasma insulin level after 30 min. of glucose
administration was lower in GLU-H-fed than in casein-fed mice. In fasted mice, the
RQ and levels of plasma glucose and insulin did not differ significantly between
dietary groups. These results indicate that chronic feeding of GLU-H increases
postprandial carbohydrate oxidation and prevents development of insulin resistance
in type II diabetic mice. Soy Protein Research, Japan 7, 114-120, 2004.
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Table 1. Composition of experimental diets
High-fat Casein SPI-H GLU-H

g/kg
CRF-1 600
Casein 391
SPI-H 404
GLU-H 391
Corn starch 362 349 362
Sucrose 100 100 100
Shortening 250
Condensed milk 150
Soybean oil 50 50 50
Cellulose 50 50 50
Mineral mix 35 35 35
Vitamin mix 10 10 10
Choline bitartrate 2 2 2
Protein (%) 15 35 35 35
Fat (%) 30 5 5 5
Energy (k]/g) 23 17.2 17.2 17.2

Table 2. Dietary protein-derived amino acid composition

Casein SPI-H  GLU-H
%
L-Alanine 2.87 4.33 2.51
L-Arginine 3.51 741 3.35
L-Asparagine 6.71 11.66 3.07
L-Cysteine 0.46 1.23 2.18
L-Glutamic acid 20.23 19.71 36.57
L-Glycine 1.70 4.25 3.03
L-Histidine 2.87 2.57 1.79
L-Isoleucine 5.22 4.39 3.46
L-Leucine 2.05 1.24 0.00
1-¥C-L-Leucine 6.91 6.68 6.68
L-Lysine 7.56 6.16 1.61
L-Methionine 2.77 1.34 1.97
L-Phenylalanine 4.79 4.99 5.84
L-Proline 10.65 5.34 11.98
L-Serine 4.90 5.30 5.38
L-Threonine 3.94 3.97 2.60
L-Tryptophan 1.17 1.29 0.78
L-Tyrosine 5.32 3.86 3.42
L-Valine 6.39 4.31 3.81
Lys/Arg ratio 2.15 0.83 0.48
BCAA (g) 20.56 16.62 13.95
Fisher ratio 3.17 3.23 3.32
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Fig. 1. Experimental protocol used in the study. Mice were provided free access to a high fat diet for an initial four-
week period to induce diabetes. For the subsequent 34 days of the experimental period, two groups of mice
were provided free access to a high fat or a commercial diet and the other three groups were fed restrictive
isoenergetic and isonitrogenous diets (casein, GLU-H, and SPI-H). Respiratory gases were analyzed for 24 h
every week during the experimental period (*). On day 28, all mice were fed a single feeding of the casein diet
(*C). On day 30, all mice were fed the diet containing 1.35% of ®C-leucine mixed in with each protein diet (*L).
On day 17, the ®C-glucose solution was orally administered to the mice and oxidation of *C-glucose was

measured. On day 34, mice were dissected after an oral glucose tolerance test (§).
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Fig. 2. Respiratory quotient measured during
postprandial 18 h (A) and exogenous glucose
oxidation (B) in nondiabetic (Std ddY) and type
1I diabetic (KK-AY) mice. Std ddY mice were fed
the commercial diet and KK-A” mice were fed
the high fat diet for 4 wk. (A) Respiratory gases
were analyzed after a single feeding of the
casein or SPI-H diets to both groups of mice.
(B) After an overnight fast, 400 mg/mL of a
glucose solution (3 g/kg body weight) containing
266 mg/mL of 1-*C-glucose.
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Fig. 3. Respiratory quotient (RQ) for 24 h (A) and mean
RQ during postprandial periods (B) for each of
the protein diets. Each group of mice was fed
the high protein diet for 3 wk (day 21). Food
(casein, GLU-H or SPIH) was provided at 1,700
h (arrow) and left for 24 h. The black square
shows the dark period. Values are means =+
SEM, N=8. Values with different characters
are significantly different, *P<0.05.
Abbreviations. SPI-H, soybean protein isolate
hydrolysate; GLU-H, wheat gluten hydrolysate.
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Fig. 4. Respiratory quotient (RQ) for 24 h (A) and
average RQ during postprandial periods (B) for
each of the protein diets. Each group of mice
was fed the high protein diets for 4 wk (day 28).
Foods (casein) was provided to all the groups at
1,700 h (arrow) and left for 24 h. The black
square shows the dark period. Values are
means = SEM, N=8. Values with different
characters are significantly different, *P<0.05.
Abbreviations. SPI-H, soybean protein isolate
hydrolysate; GLU-H, wheat gluten hydrolysate.
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Fig. 5. Respiratory expiration of *CO, derived from “C-
leucine in each protein diet. Each group of mice
was fed the high protein diets for 4 wk (day 30).
Food (casein, GLU-H, or SPI-H) containing 1.35%
of ®C-leucine was provided at 1,700 h (arrow) and
left for 24 h. Values are means = SEM, N=4.
Abbreviations. SPI-H, soybean protein isolate
hydrolysate; GLU-H, wheat gluten hydrolysate.
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Fig. 6. Exogenous glucose oxidation during 5 h in mice fed
one of three high protein (casein, GLU-H, or SPI-H)
diets. Each group of mice was fed the high protein
diet for 2 wk (day 17). A **C-glucose solution (3
g/kg body weight) was orally administered to the
mice. Values are means, N=4. Abbreviations:
SPI-H, soybean protein isolate hydrolysate; GLU-
H, wheat gluten hydrolysate.
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Table 3. Areas and numbers of Langerhans islet and its functional parameters

MF (ddY) Casein Gluten-H SPI-H HF
Area (cm?/islet) 0.05 £ 0.007* 0.1 +0.013 0.1 £ 0.008" 0.1 £ 0.008" 0 £ 0.009°
Number per mouse 23.2 1+ 8.8 22.1+3.7 23 +2.7 20+ 2.3 18 + 2.7

Insulin AUC/area (pg/mL-cm?)! 1.86 £ 0.8 3.9+1.9* 3.6 =0.8™ 51%0.9 7.1 £2.3*
Insulin AUC/number (ng/mL-islet?  3.75 £ 1.4 11.5 £ 2.03* 8.9 +1.88 13 =+ 3.68" 18 =+ 3.68*
Abbreviation used: AUC, area under the curve. Values are means = SEM for 6-8 mice. Values with different

superscripts are significantly different, P<<0.05.
'Values are ratio of AUC of insulin for 60 min to the area of Langerhans islet.
“Values are ratio of AUC of insulin for 60 min to the number of Langerhans islet.

Table 4. Serum and urine parameters for energy substrates

CRF-1(ddY) Casein Gluten-H SPI-H HF
Serum parameters
Leptin (ng/mL) 3.88+1.21° 258+ 1.72° 25 £ 2.90° 28+1.74*  33.9+4.27
FFA (mEq/L) 0.51 +0.04° 0.57 £ 0.03* 0.6 £ 0.04° 0.50 £ 0.08* 0.37 £ 0.05°
Ketone bodies (mM)
Total ketone bodies 0.30 = 0.09* 0.22 +0.04* 0.3 £0.07" 0.3 £ 0.09 1.37 £ 0.45°
Acetoacetic acid 0.05 + 0.01° 0.05 £ 0.01° 0+ 0.01° 0.1 =0.02° 0.18 £ 0.06
3-Hydroxybutyric acid 0.25 £0.09*  0.17 £ 0.04° 0.2 £+ 0.06° 0.2 £0.07° 1.18 £ 0.4°
Urine parameters
Glucose (g/L) 0.55+0.41*  54.8+31.6° 34 +20.7 55 + 18 163 +7.9°
Creatinine (mg/L) 74 £+ 37 31+£15 46 + 27 32+16 34 +17
Creatinine (g/day) 11.5+£5.7 7.55 + 3.77 8.3t4.17 16.9 +=8.47 15.5 +7.74
Urea nitrogen (g/L) 35+ 10 26+ 1 20+ 8 44 + 2 37+2

Abbreviation used. FFA, free fatty acids. Values are means = SEM for 3-8 mice. Values with different
superscripts are significantly different, P<0.05.
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