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ABSTRACT

Type 2 diabetes mellitus (T2DM) is a serious disease caused by lifestyle and
genetic factors. T2DM leads to various complications such as diabetic retinopathy,
neuropathy and nephropathy. In Japan the restriction of dietary protein intake
is recommended in order to control the progression of diabetic nephropathy.
However, the elect of the kinds of proteins on controlling diabetic nephropathy has
been unclear. Therefore, we focused on clarifying the ellects of soy protein isolate
(SPI) on diabetes and diabetic nephropathy. Male obese type 2 diabetic Zucker
Diabetic Fatty (ZDF) rats were fed casein (C) or SPI diets for 8 wk. The following
values were determined; fasting blood glucose level, blood parameters including
insulin and adiponectin, the excretion of urinary albumin which is a diagnostic
marker of diabetic nephropathy, and urinary N-acetyl{3 -D-glucosaminidase (NAG)
which is a marker of proximal renal tubule damage. Kidney tissue sections were
obtained for histological analysis. SPI had beneficial ellects on glucose homeostasis
such as fasting blood glucose levels, hemoglobin Alc, and adiponectin. SPI
significantly improved the total cholesterol level and the markers liver damage in
the plasma and the accumulation of total lipids in the livers, compared with C. In
addition, urinary albumin and NAG excretion in the SPI group were significantly
improved, compared with those of the C group. The renal glomerular damage
was significantly suppressed in the SPI group. These results show that SPI has a
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suppressive elect on progression of diabetes and diabetic nephropathy. Soy Protein

Research, Japan 16, 43-47, 2013.
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Table 1. Composition of experimental diets

C SPI

CP 20% CP 20%
Ingredient’ %
Casein (CP 83.4%) 2398 O
Soy protein isolate (CP 84.8%) O 2358
Cornstarch 48.97 49.66
Sucrose 10.00 10.00
Soybean oil 7.00 7.00
Cellulose 5.00 5.00
Mineral mix (AIN-93G-MX) 350 350
Vitamin mix (AIN-93-VX) 1.00 1.00
L-cystine 0.30 d
Choline bitartrate 0.25 0.25
tert-butylhydroquinone 0.0014 0.0014

" Based on AIN-93G. C, casein; SPI, soy protein isolate.
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Table 2. Growth performance

C SPI
Initial body weight (g) 2347+ 24 2347+ 51
Final body weight (g) 4231+ 84 4534+ 6.1%
Food intake (g/8wk) 11599+ 100 11183+ 248
Liver weight (g/100g b.w.) 595+ 0.16 321+ 0.16*
Kidney weight (g/100g b.w.) 0.56+ 0.02 049+ 0.02*
Depod fat weight (9/100g bw)  6.93+ 0.13 7.09+ 021

C, casein; SPI, soy protein isolate. Data represent
meanst SEM. ***Asterisks show significant
dilerences (*p<0.05 and *p<0.01, respectively).

Table 3. Effect of soy protein isolate on blood and
liver parameters in ZDF rats

C SPI
Blood
Blood glucose (mg/100mL) 256.1+ 258 172.8+ 15.0*
Insulin (ng/mL) 96+ 15 119+ 13
Adiponectin {4 g/mL) 41+ 0.2 5.6+ 0.3
Albumin (g/100mL) 38+ 01 45+ 0.1
AST (U/L) 8781+ 57.7 318.1% 456*
ALT (U/L) 556.0+ 379 264.6+ 38.0*
ALP (U/L) 904.1+ 57.2 4640+ 32.2*
Total cholesterol (mg/100mL) 354.6+ 76  199.6+ 132*
Urea nitrogen (mg/100mL) 19.7+ 0.8 14.4+ 0.9%
Creatinine (mg/100mL) 019+ 001 0.21% 0.00
Osteocalcin (ng/mL) 126+ 2.1 229+ 43¢
Liver
Total lipids (g/liver) 55+ 05 1.1+ 0.2%

ZDF rats were fed the casein or soy protein isolate
diets for 8 wk. AST, aspartate aminotransferase;
ALT, alanine aminotransferase; ALP, alkaline
phosphatase; C, casein; SPI, soy protein isolate. Data
represent meanst SEM. ***Asterisks show significant
dillerences (*p<0.05 and **p<0.01, respectively).
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Fig. 1. Effects of soy protein isolate on glucose
homeostasis in ZDF rats. (A), After 18 h
fasting, blood samples were collected from
the tail vein without anesthesia every week.
(B), After 18 h fasting, blood samples were
collected from inferior vena cava under
anesthesia at 8 wk. C, casein; SPI, soy
protein isolate. Data represent meanst SEM.
***Asterisks show significant differences
(*p<0.05 and **p<0.01, respectively).
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Fig. 2. Effects of soy protein isolate on urinary
albumin excretion in ZDF rats. Urine was
collected for 3 d and the collection was
conducted at 0, 4, 6, 8 wk. The measurements
of albumin in urine were conducted by ELISA
method. C, casein; SPI, soy protein isolate. Data
represent meansz SEM. ***Asterisks show
significant differences (*v<0.05 and **p<0.01,
respectively).
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Fig. 3. Effects of soy protein isolate on urinary
N-acetyl{f3 -D-glucosaminidase excretion in
ZDF rats.Urine was collected for 3 d and the
collection was conducted at 0, 4, 6, 8 wk. C,
casein; SPI, soy protein isolate. Data represent
means+ SEM. *An asterisk shows a significant
dierence (p<0.01).
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Fig. 4. Effects of soy protein isolate on kidney histological damage in ZDF rats. Kidneys were fixed by 4%
paraformaldehyde. After stained by periodic acid-Schill stain, the degree of glomerular damage in the
kidneys of ZDF rats was quantitated with Image pro. (A), Microscopic images of glomeruli in the kidneys
of ZDF rats. (B), The degree of glomerular damage in kidneys. C, casein; SPI, soy protein isolate. Data
represent means+ SEM. *An asterisk shows a significant diCerence (p<0.01).
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