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Abstract

Diabetes mellitus is currently a major public health concern with many pathophysiological
alterations; this study aimed to evaluate the antidiabetic and protective potential of soy protein
concentrate (SPC) against diabetes mellitus induced by streptozotocin (STZ) in adult male
Spargue Dawely rats. The hyperglycemic groups were made with a single (ip) dose of STZ
(55mg/kg b.w.). Five groups of rats were used; normal control group, SPC (200 mg/kg/day)
treated group, hyperglycemic untreated group, hyperglycemic-diamicrone® 30MR (10
mg/kg/day) treated group and hyperglycemic-SPC (200 mg/kg/day) treated group. The
experiment lasted for six weeks. The results revealed significant increases in blood glucose,
hepatic and renal MDA and NO contents concomitant with significant depletion of GSH content
and decreases in insulin level, SOD and CAT activities in the diabetic group; moreover,
significant increases in serum ASAT, ALAT, GGT, urea, creainine, total cholesterol, LDL-
cholesterol and triglycerides matched with a significant reduction in HDL- cholesterol and body
weight values were noticed compared to control values. Interestingly, significant improvements
in all biochemical, DNA fragmentation and histological determinations were observed in the
diabetic-SPC treated group compared to diabetic group, especially DNA fragmentation percent.
Also, diamicrone® significantly ameliorated the severity of STZ induced changes in the above
mentioned parameters with the exception of DNA fragmentation which was severely elevated
than diabetic group; reflecting the necessary to find more safer alternative treatments. In
conclusion: the relative hypoglycemic and highly protective effects of SPC against STZ-induced
diabetes mellitus may be attributed to its antioxidant and free radical scavenging mechanisms
that due to its higher contents of thiol-rich amino acids and antioxidant ones.

Introduction

suggested to be a contributory factor in complications of
DM [4]. It is demonstrated that DM is an oxidative stress-

Diabetes mellitus (DM) was reported to affects about 150
million people worldwide, and this is expected to be
doubled in the next 20 years [1]. Diabetes mellitus is a
syndrome of disordered metabolism with abnormally
elevated blood glucose levels (hyperglycemia) [2].There
are two forms of diabetes, type ldiabetes (diminished
production of insulin) and type 2 diabetes (impaired
response to insulin and B-cell dysfunction). Both types of
diabetes lead to hyperglycemia, increase in urine
production, increased fluid intake, blurred vision,
increased weight loss, lethargy, and changes in energy
metabolism [2]. DM exhibits excessive oxidative stress
and highly reactive oxygen species (ROS) production in
pancreatic islets due to persistent and chronic
hyperglycemia, thereby decreases the activity of the
antioxidative defense system, and thus promotes free
radical generation [3]. Oxygen free radicals have been

related disorder and the antioxidants may be useful in
preventing it [5]. Therefore, the supplementation with
antioxidants may have a chemoprotective role in diabetes
[6]. Many plant extracts and their products have been
shown to have significant antioxidant effect in treating
many kinds of diseases [7]. The use of medicinal plants
for the treatment of human diseases has increased
considerably worldwide [8].

STZ induces diabetes by generating reactive oxygen
species (ROS), which leads to islet cell destruction in
experimental animals [9]. It has various biological
actions, including the production of acute and chronic
cellular injury, carcinogenesis, teratogenesis and
mutagenesis [10]. Several reports showed that the use of
plants is also helpful in prophylaxis or treatment of
diabetes. Given that, herbal medicine possesses
significant efficacy, low incidence of side effects, low
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cost and relative safety [11], while synthetic antidiabetic
agents can produce serious side effects, as hypoglycemic
coma and disturbances of the liver and kidneys [12].

Soy rich food is one such example which is catching the
attention of a common man as well as researchers due to
its numerous health benefits. Soy beans are a rich source
of isoflavones. Soy rich food and isoflavones are of great
interest when it comes to medicinal foods. The various
health benefits which are claimed by soybean
consumption in any form are cholesterol lowering,
anticancer, antioxidant and chelating effects. Among all
these beneficial effect, the most extensively researched
upon properties are its cholesterol lowering effect, its role
in prevention of osteoporosis and its role as an anticancer
agent [13]. The current study was conducted to evaluate
the antidiabetic potential of soy protein concentrate (SPC)
against diabetes mellitus induced by streptozotocin (STZ)
in adult male Spargue Dawely rats.

Experimental

Materials and methods

This study was conducted on adult male Spargue Dawely
rats, weighing 120-150g, obtained from Animal House
Colony, National Research Centre, Dokki, Egypt. The
animals were housed in suitable plastic cages for one
week for acclimation. All animals received human care in
compliance with the standard institution’s criteria for the
care and use of experimental animals according to the
NRC ethical committee (committee number FWA
00014747).

Chemicals

Streptozotocin (STZ, Sigma 85882), Sodium citrate
(Sigma C0909) and Citric acid (Sigma C1909) were
purchased by Egyptian International Center for Import,
22 Abu Zer El Ghafary St., Nasr City Cairo, Egypt.
Diamicrone® 30 MR (manufactured by Servier Egypt, 67
El Horreya St., Helliopolis, Cairo, Egypt) was obtained
from a local pharmacy, Cairo, Egypt.

Soy protein concentrate (60%) was purchased from
Nantong Sun—Green Bio-Tech Co., China. According to
manufacturers claim this soy protein concentrate contains
(as percentage) aspartic 5.52, therionine 2.07, serine 2.44,
glutamic 9.07, proline 2.23, glycine 2.25, alanine 2.53,
valine 2.84, methionine 0.75, isoleucine 2.37, leucine
3.85, tyrosine 2.24, phenylalanine 2.83, histidine 1.37,
lysine 3.33, argnine 3.72 and cystine 0.69.

Induction of type II diabetes mellitus

After fasting 16 hours, animals were intraperitoneally
injected with streptozotocin (55mg/kg b.w.) dissolved in
ice cold 0.1 M sodium citrate buffer (20ml of 0.1 M
sodium citrate with 30ml of 0.1M citric acid, pH=4.0)
followed by oral administration of 2-3 ml sucrose

solution 10% (w/v) for one day next. Animals were fasted
overnight and one drop blood sample was obtained by
nicking the lateral tail vein using a sterile surgical scissors
and immediately the blood glucose level was determined
using Gluco Dr SUPER SENSOR AGM-2200, Korean
glucometer, and its test strips. Animals with blood
glucose level above 240 mg/dl were considered to be
diabetic [14].

Study animal groups

Both normal and diabetic rats were rearranged randomly
in 5 groups (10 animals each); 1) normal animals
administrated orally with distilled water acting as
negative control; 2) normal animals subjected to oral
administration with 200 mg/kg/day of soy protein
concentrate (SPC) for six weeks ; 3) STZ-diabetic
animals without any treatments acting as positive control;
4) STZ-diabetic animals administrated with 10 mg/kg/day
Diamicron® 30 MR drug, dissolved in distilled water, for
six weeks; and 5) STZ-diabetic animals subjected to
administration with 200 mg/kg/day of SPC for a similar
period.

Blood sampling

At the end of the study period, animals were weighed
then fasted overnight and blood glucose level of each
animal was determined again with the GlucoDr set using
a tail blood drop; and following diethyl ether anesthesia
blood samples were immediately withdrawn from the
retro-orbital plexus using heparinized and sterile glass
capillaries; blood samples were cool centrifuged at 3000
rpm for 10 minutes using (IEC centra-4R, International
Equipment Co., USA) and the sera were separated
immediately, divided into aliquots and stored at -70°C for
further biochemical measurements as soon as possible.

Tissue sampling

After blood collection, the animals were rapidly
sacrificed; then both the liver and kidneys of each animal
were dissected out. The left kidney and portion of the
liver were washed with saline, dried, rolled in a piece of
aluminum foil and stored at -80°C for homogenization
and DNA fragmentation determinations. A specific
weight (g) from each liver and kidney was subjected to
homogenization in ice-cold phosphate buffer (50 mM,
pH 7.4) to give 10% homogenate (w/v) and dilution
factor equal 10; then the homogenate was centrifuged at
5000 rpm for 20 minutes to remove the nuclear and
mitochondrial fractions. The supernatant was divided into
aliquots and stored at -80°C till the determination of the
biochemical measurements.

Biochemical assessments in serum

Insulin level was determined in serum by enzyme-linked
immuno-sorbent assay (ELISA) using kits manufactured
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by Immunospec Corporation, Suitel03 Canoga Park,
Ca91303, USA. All other biochemical measurements
were carried out using Schimadzu spectrophotometer
(UV — Vis. 1201), Japan. Serum total cholesterol, LDL-
cholesterol, HDL-cholesterol and triglycerides levels
were determined photometrically using the instruction
manual of DiaSys reagent kits purchased from DiaSys
Diagnostic System GmbH, Germany. ASAT, ALAT and
GGT activities were determined using kits purchased
from Human Gesell Schaft fur Biochemical und
Diagnostic mbH, Germany. Serum urea and creatinine
levels were determined using kits obtained from
Biodiagnostic, Dokki, Giza, Egypt.

Biochemical assessments in homogenates

Reduced glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT) and nitric oxide (NO) values in
liver and kidney homogenates were determined
spectrophotometrically using reagent kits obtained from
Biodiagnostic, Dokki, Egypt. Malondialdehyde (MDA) is
the most abundant individual aldehyde resulting from
lipid peroxidation breakdown in biological systems and
used as an indirect index for lipid peroxidation. MDA in
liver and kidney homogenates was determined chemically
according to the method described by Ruiz-Larnea et al.
[15]. 0.5 ml liver homogenate supernatant was added to
4.5 ml working reagent (0.8 g thiobarbituric acid was
dissolved in 100 ml perchloric acid (10%) and mixed with
trichloroacetic acid (20%) in volume ratio 1 to 3,
respectively). In a boiling and shaking water bath, the
sample-reagent mixture was left for 20 minutes, then
cooled at room temperature and centrifuged for 5 minutes
at 3000 rpm. The absorbance of the clear pink supernatant
was measured at 535 nm against reagent blank (0.5 ml
distilled water + 4.5 ml TBA working reagent). MDA
nmol/g tissue according to the formula MDA (nmol/g
tissue) = [{Asssx 10%/ (1.56 x 105) x 103} x AD] x 10;
where, 1.56x105 M-L-lcm-! (extinction coefficient of
MDA), AD (assay dilution).

DNA fragmentation percentage

The degree of DNA fragmentation was determined by
separating the cleaved DNA from the intact chromatin by
centrifugation and measuring the amount of DNA present
in the supernatant and pellet using the diphenylamine
assay according to the quantitative method used for
grading the DNA damage [16]. The degree of DNA
fragmentation refers to the ratio of DNA in the
supernatant to the total DNA in the supernatant and
pellet. The liver tissues were lysed in 0.5 ml of hypotonic
lysis buffer containing 10 mM Tris—HCI (pH 8), 1 mM
EDTA and 0.2% Triton X-100, and centrifuged at 14,000
xg for 20min at 4 °C. The pellets were resuspended in
hypotonic lysis buffer. To the resuspended pellets and the
supernatants, 0.5 ml of 10% trichloroacetic acid (TCA)
was added. The samples were centrifuged for 20 min at

10,000 xg at 4 °C, and the pellets were suspended in 500
Ml of 5% TCA. Subsequently, each sample was treated
with a double volume of diphenylamine (DPA) solution
[200mg DPA in 10 ml glacial acetic acid, 150 pl of
sulfuric acid and 60pl acetaldehyde] and incubated at 4°C
for 48h. The proportion of fragmented DNA was
calculated from the absorbance reading at 578 nm using

the following equation:
A supernatant

DNA fragmentation (%) = [ 1% 100

A supernatamt + A pellet

Histological examination

The right kidney and another portion of the liver were
placed in 10% (w¥) formalin-saline buffer solution
followed by sectioning and staining with hematoxyline
and eosin for light microscopic examination.

Statistical analysis

The obtained data are presented as mean + standard error
after they were subjected to one way analysis of variance
(ANOVA) followed by (Tukey) post hoc test at levels of
p<0.05, p<0.01 and p<0.001 according to Steel and Torrie
[17] using statistical analysis system (SAS) program
software; copyright (c) 1998 by SAS Institute Inc., Cary,
NC, USA.

Results and Discussion

Results

Data in table (1) shows a significant decrease in insulin
level coupled with a significant increase in blood glucose
in diabetic group when compared with the control group.
Interestingly, administration of diabetic rats with SPC
succeeded to improve both insulin and glucose serum
levels towards normal values as it significantly increased
insulin and significantly decreased the glucose levels
compared to diabetic animals. This reflects the analogue
hypoglycemic potential of SPC similar to that of the
pharmaceutical drug Diamicron®.

Table 1. Blood glucose and serum insulin of normal,
streptozotocin-induced diabetic and diabetic- SPC
treated rats as compared to each other.

glucose Insulin

(mg/dl) (ng/ml )
Control 113+9¢d 2.10+0.10°
SPC 118444 2.11£0.07b
Diab 391+152 0.40+0.0z¢
Diab+Diamicron® 140£10¢ 2.45+0.1b
Diab+ SPC 19242 .3b 2.35+0.34b

Data are presented as mean £S.E; within each column, means
with different superscript letters are significantly different at p<
0.05 using one way ANOVA followed by Tukey test.
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Data in table (2) show the effects of different treatments
on hepatic and renal MDA and nitric oxide (NO) of the
animals. On comparison with the control group, STZ —
induced diabetes significantly increased the levels of
hepatic and renal MDA and NO. SPC intake alone had no
significant effect on these parameters. The diabetic
animals that given SPC or Diamicron® showed significant
decreases in hepatic and renal MDA and NO levels as
compared to the diabetic group.

Table (3) shows the effect of different treatments on some
different antioxidants such as GSH, SOD and CAT in
hepatic and renal tissues. STZ treatment resulted in
significant decrease in GSH, SOD and CAT values when
compared to values of the control group, while the
administration  with SPC  alone produced a
non-significant effect in these parameters. The treatment
of diabetic rats with SPC or Diamicron® ameliorated the
decrement in GSH, SOD and CAT values that induced by
STZ treatment.

With regard to results of DNA fragmentation percentage,
the diabetic group showed a significant (p<0.01) increase
in the percent of DNA fragmentation as compared to
control rats. Treatment of diabetic rats with soy protein
resulted in a remarkable significant (P<0.001) decrease in
the percent of DNA fragmentation reaching a level close
or non significant to that of control (Figurel).
Unfortunately, treatment of the diabetic group with
Diamicron® 30MR didn’t improve the percent of DNA
fragmentation but led to a significant elevation (P < 0.01)

in hepatic DNA fragmentation, compared to that of
diabetic group.

The effects of STZ and SPC on animal's body weight gain
(BWG@G) and some parameters of lipid profile are depicted
in table (4).
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Figure 1. Shows the effect of soy protein consentrate in
comparison to Diamicron® on hepatic DNA
fragmentation of control and diabetic male albino rats.
(**) is significantly different from control group (p<
0.01) and (#) is significantly different from diabetic
group (# at p< 0.05, and ## at p<0.01).

The data show that STZ injection induced significant
increases in total cholesterol, LDL-cholesterol and
triglycerides levels, and significant decrease in HDL-
cholesterol level and body weight gain (BWG) compared
with the control group. The mentioned parameters
showed insignificant changes in rats treated with SPC
alone. The treatment with SPC or Diamicron® could
protect these parameters against the above mentioned
effects of STZ.

Table 2. MDA and nitric oxide (NO) levels in hepatic and renal homogenates of normal, streptozotocin-induced
diabetic and diabetic- SPC treated rats as compared to each other.

MDA (nmol/g tissue ) NO (p mol /g tissue)

Liver Kidney Liver Kidney
Control 77.14£4.3b 424214 53+4.2¢ 2.9+0.10°
SPC 73.4+5.2b 39+1.26 4 55+4.2¢ 2.9+0.12°
Diab 149+11.32 206+4.2 T1£2.72 4.3+£(0.322
Diab+Diamicron® 103+4.24 175+3.4b 6246.9° 4.1+0.312
Diab+ SPC 87.7+2.7¢ 84.4+1.7¢ 58+3.1¢ 3.4+0.13"

Data are presented as mean +S.E; within each column, means with different superscript letters are significantly different at p< 0.05

using one way ANOVA followed by Tukey test.

Table 3. GSH, SOD and CAT in both hepatic and renal homogenates of normal, streptozotocin-induced diabetic and

diabetic- SPC treated rats as compared to each other.

GSH (mg/g Tissue) SOD (U/g Tissue ) CAT (nmol/g Tissue)

Liver Kidney Liver Kidney Liver Kidney
Control 79+3.12 55+0.62 3178428  3823+652  2.53+0.11° 1.73+0.052
SPC 77+2.92 59+1.82 32274842 3613+422  2.78+0.092 1.66+0.042
Diab 45+]1.3¢ 35+1.3¢ 2306+40c  2498+28d  1.42+0.124 1.24+0.03b
Diab+Diamicron® 58+2.1b 41+1.40 2470+56¢  2767+£31¢ 1.91+0.14¢ 1.31+0.05°
Diab+ SPC 71+4.52 46+1.50 2961+48> 3197435 2.03£0.13¢ 1.62+0.022

Data are presented as mean £SE; within each column, means with different superscript letters are significantly different at p < 0.05

using one way ANOVA followed by Tukey test.
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Table 4. Serum lipid profile and body weight gain (BWG) of normal, streptozotocin-induced diabetic and diabetic- SPC

treated rats as compared to each other.

Chol Trigl HDL LDL BWG

(mg/dl) (mg/dl) (mg/dl) (mg/dl) (g/100g b.w)
Control 96+3.94 67+2.3¢ 32.445.12 59.743.2b 3442 12
SPC 9143.64 61£7.9¢ 33+].442 58.3+2.2b 35+1.92
Diab 21045.22 121.4+62 27.842.3b 71.6+3.82 7.6£3.6¢
Diab+Diamicron® 172+11b 82+3.50 31.4+£5.12 63.4+4.1b 24+5.8b
Diab+ SPC 148+10¢ 86+4.8b 30.2+4.92 62.4+5.9b 25+2.3b

Data are presented as mean +S.E; within each column, means with different superscript letters are significantly different at p< 0.05

using one way ANOVA followed by Tukey test.

Figure 2. L1ver sectlons (H&E x400) show the effect of SPC and Diamicron®30 MR administration on the hepatic tissue
of STZ-induced diabetic rats in compare to that of normal control. 1) normal control animals group shows normal
appearance of the hepatocytes (arrows); 2) normal-SPC treated animal group shows normal appearance of the
hepatocytes; 3) diabetic animal group shows wide cloudy and hydropic degeneration in most of the hepatocytes; 4)
diabetes-diamicron® 30 MR treated animal group shows cloudy hydropic degeneration and few steatosis vacuoles
(arrows); and 5) diabetes-SPC treated animal group showed mild cloudy degeneration in some of the hepatocytes

(arrows) in otherwise normal hepatic tissue.

The results in table (5) indicated that STZ injection
induced significant elevations in ASAT, ALAT, GGT,
urea and creatinine values as compared with the normal
values of the control group. The treatment with SPC
alone resulted in no significant effects on these
parameters as compared with the normal rats.
Administration of SPC or diamicron® 30MR to diabetic
rats ameliorated significantly the diabetes- induced
changes in the mentioned parameters.

The light microscopical examination of the liver sections
from the control rats revealed normal hepatocytes
architecture (Figure 2). The liver sections obtained from

normal-SPC treated animal group showed normal
appearance of the hepatocytes. In contrast, the liver
sections obtained from diabetic animal group showed
wide cloudy and hydropic degeneration in most of the
hepatocytes. Diabetes-diamicron® 30 MR treated animal
group showed cloudy hydropic degeneration and few
steatosis vacuoles but diabetes-SPC treated group showed
mild cloudy degeneration in some of the hepatocytes in
otherwise normal hepatic tissue.

The light microscopical examination of the kidney
sections from both control and normal-SPC treated
groups showed normal appearance of the glomeruli and
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the tubules (Figure 3). Diabetic untreated animal showed
moderately shrunken glomeruli, dilated tubules, wide
tubular cells and some intratubular casts. In Diabetic-
Diamicron®30 MR treated group, the glomeruli showed
mild thickening of the basement membrane, occasional

tubules are dilated and some of the tubular cells showed
vacuolization, while diabetic-SPC treated group showed
normal appearance of the glomeruli, few of the tubules
showed mild dilatation, some of the tubular cells showed
vacuolization of their cytoplasm.

Table 5. Hepatic and renal functions of normal, streptozotocin-induced diabetic and diabetic- SPC treated rats as

compared to each other.

ALAT ASAT GGT Urea Creatinine

(U/L) (U/L) (U/L) (mg/dl) (mg/dl)
Control 118+6.24 290+9.6b 1.63+0.04¢ 3643.5¢ 0.67+0.044
SPC 123+3.64 279+7.3b 1.71+0.03b 37+1.1¢ 0.71+0.024
Diab 26145.52 376+9.42 1.96+0.042 87+2.52 2.3340.092
Diab+Diamicron® 23348.4b 29348.3¢ 1.85+0.052 63+1.3b 1.52+0.11°
Diab+ SPC 189+2.8¢ 259+7.6b 1.77+0.02b 4442 .6¢ 1.16£0.13¢

Data are presented as mean +S.E; within each column, means with different superscript letters are significantly different at p< 0.05
using one way ANOVA followed by Tukey test.
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Figure 3. shows the effect

amicron®30 MR administration on the kidney tissue of STZ-induced diabetic

rats in compare to that of normal control (H&E, x400). 1) normal rats show normal appearance of the glomeruli (G)
and tubules (T); 2) normal-SPC treated animal showed normal appearance of the glomeruli (G), and the tubules (T); 3)
diabetic untreated animal; showed moderately shrunken glomeruli (G), dilated tubules (D), wide tubular cells (arrows)
and some intratubular casts (C); 4) diabetic-Diamicron®30 MR treated group; the glomeruli showed mild thickening of
the basement membrane (G), occasional tubules are dilated (D ) and some of thetubular cells showed vacuolization
(arrow); and 5) diabetic-SPC treated group; it shows normal appearance of the glomeruli (G), few of the tubules showed
mild dilatation (D), some of the tubular cells showed vacuolization of their cytoplasm.

Discussion

Our current study showed that soy protein intake increase
insulin level. Similar to the present results, Lu et al.[18]
reported that high-isoflavone soy protein administration
to diabetic rats significantly increased serum insulin level
and decreased blood glucose compared with the control
or low-isoflavone soy protein groups. Previous studies
have shown that the isoflavones genistein [19, 20] and to
a lesser extent the isoflavones daidzein [20] increased

insulin secretion from islet preparations. Another study
by Liu et al.[ 21] found that genistein increases glucose-
stimulated insulin secretion in cell lines and mouse
pancreatic islets at micromolar concentrations via a
cAMP-dependent protein kinase mechanism.

Hyperglycemia that an essential reason for the release of
free radicals [22], which develop the diabetic
complications, reactive oxygen species (ROS) such as the
superoxide radical anion and the peroxide non-radical
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dianion can be produced both by means of enzymes and
by non-enzymatic chemical reduction of molecular
oxygen. ROS are highly reactive and attack in their
vicinity various classes of biomolecules including
proteins, DNA and lipids such as polyunsaturated fatty
acids (PUFAs). This phenomenon is generally known as
“oxidative stress” or “oxidant stress”. The PUFA
arachidonic acid 1is peroxidized to finally form
malondialdehyde (MDA) [23,24]. This suggestion is
asserted by our results that show significant increase in
hepatic and renal MDA and nitric oxide due to STZ
induced diabeties melliteus. The increased nitric oxide
production is recognized as an important mediator of
physiological and pathological processes [25].
Antioxidant enzymes as well as non-enzymatic
antioxidants are first line of defense against ROS induced
oxidative damage in a living organism [26]. SOD, CAT
and GSH-Px are the three major enzymes that remove the
toxic free radicals in vivo [27]. Glutathione functions as a
free radical scavenger and is an essential cosubstrate for
GSH-Px [28]. The decreased activity of antioxidant (SOD
and CAT) enzymes along with decreased GSH level were
found in renal and hepatic tissues of hyperglycemic rats
in the current study. It was suggested that decreased
antioxidant enzyme activity in diabetic individuals could
be due to glycation of these enzymes, which occurred at
persistently elevated blood glucose levels [29].
Endogenous antioxidants CAT, SOD and GSH act as
reducing agents and detoxified highly reactive oxygen
and nitrogen species [29]. The measured GSH, CAT and
SOD are markedly depressed in STZ diabetic groups due
to oxidative stress, this study results are agreed with the
results of Sinzato et al. [30] & Basha and Saumya [31].

It was recently reported that elevated oxidative/nitrosative
stress leads to fragmentation of nuclear DNA in liver,
which contribute to hepatocellular apoptosis as well as
necrosis [32]. Furthermore, DNA fragmentation is
considered as a hallmark event in cell apoptosis. In our
study, we evaluated the level of DNA damage through
quantification of fragmented DNA. In our study, we
reported a significant DNA fragmentation level (P< 0.01)
quantified in hepatic tissues of STZ-induced diabetic rats
potentially concurrent with significant increase in MDA
and NO levels. DNA fragmentation increased
approximately two fold in diabetic rat liver compared to
the normal liver. It was evidenced previously that
administration of graded doses of STZ to rats in vivo
stimulated H,O, generation and induced DNA
fragmentation [33].

Oxidative stress is a major contributor to cardiovascular
disease in diabetes mellitus, in fact it is well established
that diabetes is associated with increased oxidative stress
as evidenced by the excessive accumulation of lipid
peroxides in the plasma of rats with diabetes mellitus so
that hyperglycemia shows increase in total cholesterol,
LDL-cholesterol and triglyceride levels and decreased

HDL level [34]. In diabetic state lipoprotein lipase, which
hydrolyzes triglycerides, is not activated due to insulin
deficiency, resulting in hypertriglyceridemia, and insulin
deficiency is also associated with hypercholesterolemia
due to metabolic abnormalities [34].Triglycerides
stimulate the secretion of very low-density lipoprotein
cholesterol and such increase in very low-density
lipoprotein cholesterol particles reduces the HDL-
cholesterol level and increases the LDL- cholesterol
particles [35]. In our study, the altered serum lipid profile
was found in hyperglycemic group. This finding is in
correlation with the findings of Al-Jamal and Algadi [36].
Several reports indicated that hyperglycemia produces
abnormally high levels of ROS, and these species could
react with essential molecules such as lipids, proteins and
DNA, leading to histological changes as well as
functional alterations [37]. STZ toxicity is related to its
ability to induce selective destruction of pancreatic beta
cells resulting in insulin deficiency and hyperglycemia
[38]. In the present study, reduction in body weight in
diabetic rats was observed which might be the result of
degradation of structural proteins due to unavailability of
carbohydrates for utilization as an energy source [39,40].
Our results agree with previous observations that have
also reported loss of body weight [23].

In STZ-induced diabetic rats, elevated serum levels of
ASAT, ALAT and GGT, urea and creatinine were
observed. This behavior suggested the occurrence of liver
and kidney damages after the administration of STZ to
the rats. The elevations in liver enzymes (ASAT, ALAT
and GGT) are due to STZ mediated liver damage, which
may cause leakage of these enzymes into the blood [41]
due to loss of functional integrity of the hepatic cell
membranes [42]. Hyperglycemia increases the generation
of free radicals by glucose auto-oxidation and the
increment in the free radicals thereby depleting the
antioxidant defense system and thus promoting de novo
free radical generation that may lead to liver cell damage
[43]. The increases in liver enzymes (ASAT and ALAT)
in the current study are agreed with the results of Lin and
Sun [44] & Mohammed et al. [45]. On the other hand, the
persistent hyperglycemia, hemodynamic changes within
the kidney tissue and free radical generation mediated
renal dysfunction, which results in elevation of urea and
creatinine levels in blood [46,47]. Our results show a
marked increase in blood urea and creatinine due to STZ
induced oxidative stress and free radicals that cause
kidney damage and these results are going with the results
of Wu et al. [48].

Soybean contains proteins, lipids, fiber and a variety of
bioactive phytochemicals such as saponins, phytic acid,
trypsin inhibitors, fiber and isoflavones. The isoflavones
are the most active components of soy protein and though
to be responsible for many of its beneficial effects on
blood lipids of humans and animals [49].
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Administration of soy protein to STZ-induced diabetic
animal group showed a significant decrease (P<0.01) in
liver DNA fragmentation % as compared to diabetic
group. The reduced level of DNA damage in soy protein
treated diabetic animals may be attributed to the
antioxidant activity of the soy proteins [50, 51]. This
result was supported with our data of remarkable reduced
levels of MDA and NO combined with elevation of SOD,
CAT, and GSH in soy protein treated animals. This
ability of soy protein, administered orally, to prevent
oxidative DNA damage in the liver of diabetic rats should
contribute to its use in the management of diabetes.

In contrast, Diamicron treatment for diabetic animals
increased remarkably (p<0.01) the level of fragmented
DNA level compared to diabetic group. Desfaits et al
[52] & Chitturi ef al [53] mentioned that gliclazide
[Diamicron], a second generation sulfonylurea used in the
treatment of type 2 diabetes mellitus, has antioxidant
properties, but it also induced acute hepatitis and liver
toxicity.

Soy protein, compared with animal protein sources in
humans and animals has a hypolipidemic potential. After
wards, many studies suggest that the lipid lowering effect
of soy protein is mainly attributed to its protein content
[54]. It was found by Sirtori ef al. [55] & Tachibana et al.
[56] that rats fed soy protein had lower serum cholesterol
levels and decreased liver triacylglycerol content caused
by the STZ. The results of Tachibana et a/[ 56] & Bakhit
et al[57] study demonstrate that soy protein intake
induced a marked decrease in the levels of serum
cholesterol and triglycerides and they suggested that soy
protein down-regulates genes involved in cholesterol
synthesis.

The results of our study show that soy protein ameliorate
liver and kidney functions in diabetic rats, this effect may
be due to improvement in serum free fatty acids and
serum fat levels [27] which may attributed to the soy
protein constituents, such as amino acid profile, peptides,
or isoflavones [27]. Soy isoflavones have antioxidant
properties [58]. So, GSH, CAT and SOD levels were
restored toward normal levels in soy treated diabetic rats,
and therefore, decreased MDA level, restored liver
integrity and improvement in liver enzymes (ASAT and
ALAT) were observed in diabetic rats treated with soy
protein.

After long time, hyperglycemia leads to chronic renal
vasodilatation, glomerular hyperfiltration, cellular injury,
glomerulosclerosis, mesangial proliferation, and also,
proteinuria and uremia [59]. Previous studies have
suggested that soy protein intake instead of animal
protein will protect against development of kidney
disease in diabetic individuals and be effective in
reversing or slowing the progression of established
kidney disease in diabetic individuals [60]. Our study
showed that soy protein treatment significantly decreased
the level of serum creatinine and urea and these results

cope with the results of Chen ef al [61] & James and
Anderson [62].

The biochemical study was further confirmed by the
histopathological examination of both liver and kidney
tissues. Liver sections of both normal and normal-SPC
treated animal groups displayed normal architecture and
appearance of portal tract and hepatocytes. Similarly,
their kidneys showed a normal appearance; the glomeruli
illustrated normal cellularity and normal thickening of the
basement membranes; the tubules are normal with no
abnormal dilatation and no intraluminal casts were
noticed; and the tubular cells showed no vacuolization.
This finding reflects the safe effect of soy and goes in line
with Sarhan er al. [63]. Unlikely, liver sections from
diabetic rats group showed severe injury illustrated in
mononuclear cell infiltrate extending through hepatic
tissue. Kupffer cell appeared engulfing debris and
hyperplasia of bile duct. Obviously fatty change which is
also a common feature could be seen giving cloudy
appearance. This finding is in accordance with Waer and
Helmy [64]. Also, kidney section of STZ-induced
diabetic rats showed shrunken glomeruli with thickened
basement membranes; markedly dilated tubules with
intratubular casts and many of the tubular cells showed
cytoplasmic vacuolization. Interestingly, diabetic-SPC
treated animals showed improvements of many
pathological features compare to the diabetic ones,
however normal appearance of the glomeruli, few tubular
mild dilatation, and few tubular cellular cytoplasmic
vacuolization. However diabetic-diamicron®30 MR
treated animals still illustrate some pathological features
in the form of thickening of the basement membrane of
the glomeruli, occasional dilatation of the tubules with
some of the tubular cells showed vacuolization of their
cytoplasm. This result is in concomitants with Eoh and
Abd Latiff [65].

The STZ diabetic rats exhibited persistent hyperglycemia
which is the main diabetogenic factor and contributes to
the increase in oxygen free radicals by autoxidation of
glucose. Hyperglycemia also generates reactive oxygen
species, which in turn, cause lipid peroxidation and
membrane damage. Diabetes increases oxidative stress in
many organs, especially in the liver [66]. It was suggested
that hyperglycemia, through increasing in advanced
glycation end products, facilities free radicals production
via disturbance in ROS production. Also, it was reported
that loss of insulin following streptozotocin treatment
resulted in caspase- and c-Jun N-terminal kinase (JNK)-
dependent liver injury [67]. Thus, a suitable drug must
have both antioxidant and blood glucose decreasing
properties [68-70]. Soy protein concentrate improved the
STZ/diabetic-induced hepatic and renal histological
deteriorations; these effects are confirmed by the reports
of Sarhan et al. [63] and Fair et al [71] and the
biochemical and DNA fragmentation results of this study.
A mixture of compounds rather than a single compound
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may be the key to full antioxidant potency; consequently,
the antioxidative effects of SPC reported in the current
study may be due to its several active compounds. In
conclusion, the protective effects of SPC against STZ-
induced diabetes mellitus may be attributed to its
antioxidant and free radical scavenging activities due to
its higher contents of isoflavones and antioxidant
components.

Conclusion

Soy protein concentrate exhibited valuable hypoglycemic

and highly protective effects

against STZ-induced

diabetes mellitus; these potentials may be achieved via
the antioxidant and free radical scavenging mechanisms
those due the higher contents of thiol-rich amino acids
and other antioxidant ones.

References

11.

12.

Zimmet P, Alberti KG, Shaw J: Global and societal implications of the
diabetes epidemic. Nature 2001; 414: 782-7.

Tierney LM: Current Medical Diagnosis and Treatment. McGraw-Hill
Companies, 41st edition. New York: Lange Medical Books/ Publisher;
2002, pp 241-249.

Savu O, Ionescu-Tirgoviste C, Atanasiu, V, Gaman L, Papacocea R,
Stoian I: Increase in total antioxidant capacity of plasma despite high
levels of oxidative stress in uncomplicated type 2 diabetes mellitus. J Int
Med Res 2012; 40(2):709-6.

Neethu P, Haseena P, Kezo Z, Sona TR, Goveas SW, Abraham A:
Antioxidant properties of Coscinium fenestratum stem extracts on
Streptozotocin induced type 1 diabetic rats. J Appl Pharm Sci 2014;
4(1):29-32.

Yang H, Jin X, Kei Lam CW, Yan SK: Review: oxidative stress and
diabetes mellitus. Clin Chem Lab Med 2011; 49(11):1773-82.

Gomathi D, Ravikumar G, Kalaiselvi M, Devaki K, Uma C: Efficacy of
Evolvulus alsinoides (L.) L. on insulin and antioxidants activity in
pancreas of streptozotocin induced diabetic rats. J Diabetes Metabolic
Disorders 2013; 12:39.

Sushruta K, Satyanarayana S, Srinivas N, Sekhar JR: Evaluation of the
blood-glucose reducing effects of aqueous extracts of the selected
umbelliferous fruits used in culinary practices. Trop J Pharm 2006;
5(2):613-7.

Rahmatullah M, Ferdausi D, Mollik AH, Jahan R, Chowdhury MH,
Haque WM: A survey of medicinal plants used by Kavirajes of Chalna
area, Khulna district, Bangladesh. Afr J Tradit Complement Altern Med
2010; 7(2):91-97.

Tavridou A, Unwin NC, Laker MF, White M, Alberti GK: Serum
concentrations of vitamin A and E in impaired glucose tolerance. Clin
Chim Acta 1997; 266(2):129-40.

Magee PN, Swann PF. Nitroso compounds. Br. Med. Bull 1969; 25:240-
4.

Ali H, Houghton PJ, Soumyanath A: Alpha-Amylase inhibitory activity of
some Malaysian plants used to treat diabetes; with particular reference to
Phyllanthus amarus. J Ethnopharmacol 2010; 107(3):449-5.

Bayramoglu G, Senturk H, Bayramoglu A, Uyanoglu M, Colak S, Ozmen
A, Kolankaya D: Carvacrol partially reverses symptoms of diabetes in
STZ-induced diabetic rats. Cytotechnology 2014; 66(2):251-7.

Sharma A, Baluja Z: Therapeutic Effects of Glycine Max (Soybean): A
Summary. International Journal of Research in Pharmacy and Biosciences
2015;2:22-27.

Kim HJ, Kong MK, Kim YC: Beneficial effects of Phellodendri Cortex
extract on hyperglycemia and diabetic nephropathy in streptozotocin-
induced diabetic rats. BMB Rep 2008; 41(10):710-5.

Ruiz- Larnea MB, Leal AM, Liza M, Lacort, M, de Groot H: Antioxidant
effects of estradiol and 2- hydroxyestradiol on iron induced lipid
peroxidation of rat liver microsome. Steriod 1994; 59:383- 388.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Perandones CE, Illera VA, Peckham D, Stunz LL, Ashman RF:
Regulation of apoptosis in vitro in mature murine spleen T cells. J
Immunol 1993; 151(7): 3521-9.

Steel RG, Torrie GH: Principles and Procedures of Statistics: A
Biometrical Approach. New York: McGraw- Hill 1980; p 633.

Lu MP, Wang R, Song X, Chibbar R, Wang X, Wu L, Meng, QH: Dietary
soy isoflavones increase insulin secretion and prevent the development of
diabetic cataracts in streptozotocin-induced diabetic rats. Nutr Res 2008;
28(7): 464-71.

Sorenson RL, Brelje TC, Roth C: Effect of tyrosine kinase inhibitors on
islets of Langerhans: evidence for tyrosine kinases in the regulation of
insulin secretion. Endocrinology 1994; 134(4):1975-78.

Jonas JC, Plant TD, Gilon P, Detimary P, Nenquin M, Henquin JC:
Multiple effects and stimulation of insulin secretion by the tyrosine kinase
inhibitor genistein in normal mouse islets. Br J Pharmacol 1995; 114:
872-80.

Liu D, Zhen W, Yang Z, Carter JD, Si H, Reynolds KA: Genistein acutely
stimulates insulin secretion in pancreatic B-cells through cAMP-
dependent protein kinase pathway. Daibetes 2006; 55:1043-50.

Maritim AC, Sanders RA, Watkins JB: Diabetes, oxidative stress, and
antioxidants: a review. J. Biochem. Mol.Toxicol 2003; 17:24-38.

Hassan SK, El-Sammad NM, Mousa AM, Sharafeldin K, Rizvi MR:
Effect of traditional plant medicines (Cinnamomum zeylanicum and
Syzygium cumini) on oxidative stress and insulin resistance in
streptozotocin induced diabetic rats. The Journal of Basic & Applied
Zoology 2015; 72:126—134.

Tsikas D: Assessment of lipid peroxidation by measuring
malondialdehyde (MDA) and relatives in biological samples: Analytical
and biological Challenges 2017; 524:13-30.

Gross SS, Wolin MS: Nitric oxide: pathophysiological mechanism. Annu.
Rev. Physiol 1995; 57:737-69.

Sellamuthu PS, Arulselvan P, Kamalraj S, Fakurazi S, Kandasamy M:
Protective nature of mangiferin on oxidative stress and antioxidant status
in tissues of streptozotocin-induced diabetic rats. ISRN Pharmacol 2013;
24:234-240.

Yang HY, Tzeng YH, Chai CY, Hsiech AT, Chen JR, Chang LS, Yang SS:
Soy protein retards the progression of non-alcoholic steatohepatitis via
improvement of insulin resistance and steatosis. Nutrition 2011; 27: 943—
8.

Lorenzi M: The polyol pathway as a mechanism for diabetic retinopathy:
attractive, elusive, and resilient. Exp Diabetes Res 2007; 2007:1-10.
Almeida DAT, Braga CP, Novelli ELB, Fernandes A: Evaluation of lipid
profile and oxidative stress in STZ-induced rats treated with antioxidant
vitamin. Braz Arch Biol Technol 2012; 55(4):527-36.

Sinzato YK, Lima PH, Campos KE, Kiss AC, Rudge, MV, Damasceno
DC: Neonatally-induced diabetes: lipid profile outcomes and oxidative
stress status in adult rats. Rev Assoc Med Bras 2009; 55(4):384-8.

Basha MP, Saumya SM: Influence of fluoride on streptozotocin induced
diabetic nephrotoxicity in mice: Protective role of Asian ginseng (Panax
ginseng) & banaba (Lagerstroemia speciosa) on mitochondrial oxidative
stress. Indian J Med Res 2013:137, 370-9.

Mukhopadhyay P, Rajesh M, Horvath B, Batkai S, Park O, Tanchian G, et
al: Cannabidiol protects against hepatic ischemia/reperfusion injury by
attenuating inflammatory signaling and response, oxidative/nitrative
stress, and cell death. Free.Radic. Biol. Med 2011; 50: 1368-1381.

Takasu N, Komiya I, Asawa T, Nagasawa Y, YamadaT: Streptozocin-
and alloxan-induced H202 generation and DNA fragmentation in
pancreatic islets: H202 as mediator for DNA fragmentation. Diabetes
1991; 40(9):1141-45.

Girija K, Lakshman K, Udaya C, Sabhya SG, Divya T: Anti-diabetic and
anti-cholesterolemic activity of methanol extracts of three species of
Amaranthus. Asian Pac J Trop Biomed 2011; 1(2):133-8.

Singh S, Garg V, Yadav D: Antihyperglycemic and antioxidative ability
of Stevia rebaudiana (Bertoni) leaves in diabetes induced mice. Int J
Pharm Pharm Sci, 5(Suppl. 2) 2013; 297-302.

Al-Jamal A, Alqadi T: Effects of rosemary (Rosmarinus officinalis) on
lipid profile of diabetic rats. Jordan Journal of Biological Sciences 2011;
4(4):199-204.

Wang R, Ding G, Liang W, Chen C, Yang H: Role of LOX-1 and ROS in
oxidized low-density lipoprotein induced epithelial mesenchymal
transition of NRK52E. Lipids Health Dis 2010; 9: 120-127.

Xiang FL, Lu X, Strutt B, Hill DJ, Feng Q: NOX2 deficiency protects
against streptozotocin-induced beta-cell destruction and development of
diabetes in mice. Diabetes, 2010; 59(10):2603-11.

Musabayane CT, Mahlalela N, Shode FO, Ojewole JA: Effects of
Syzygium cordatum (Hochst.) [Myrtaceae] leaf extract on plasma glucose

24


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayramoglu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senturk%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayramoglu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uyanoglu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colak%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozmen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozmen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozmen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kolankaya%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23579248
https://www.ncbi.nlm.nih.gov/pubmed/23579248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18959817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=18959817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=18959817
https://www.ncbi.nlm.nih.gov/pubmed/18959817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perandones%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=8376790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Illera%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=8376790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peckham%20D%5BAuthor%5D&cauthor=true&cauthor_uid=8376790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stunz%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=8376790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashman%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=8376790
https://www.ncbi.nlm.nih.gov/pubmed/8376790
https://www.ncbi.nlm.nih.gov/pubmed/8376790
https://www.ncbi.nlm.nih.gov/pubmed/8376790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=19083447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19083447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19083447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chibbar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19083447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19083447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19083447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meng%20QH%5BAuthor%5D&cauthor=true&cauthor_uid=19083447
https://www.ncbi.nlm.nih.gov/pubmed/19083447
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jonas%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=7773549
Soy%20%20full%20with%20tables.doc
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7773549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Detimary%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7773549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nenquin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7773549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henquin%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=7773549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16567527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=16567527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16567527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carter%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=16567527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Si%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16567527
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reynolds%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=16567527
http://www.sciencedirect.com/science/journal/00032697/524/supp/C

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Hagar H. Mourad ef al., JIPBS, Vol 4 (4), 16-25, 2017

and hepatic glycogen in streptozotocin-induced diabetic rats. J
Ethnopharmacol 2005; 97(3): 485-90.

Choudhary M, Aggarwal N, Choudhary N, Gupta P, Budhwar V: Effect
of aqueous and alcoholic extract of Sesbania sesban (Linn.) Merr root on
glycemic control in streptozotocin-induced diabetic mice. Drug Dev Ther
2014; 5(2):115-122.

Calisti L, Tognetti S. Measure of glycosylated hemoglobin. Acta Biomed
2005; 76:59-62.

Moulisha B, Karan TK, Kar B, Bhattacharya S, Ghosh AK, Kumar RB:
Hepatoprotective activity of Terminalia arjuna leaf against paracetamol-
induced liver damage in rats. AsianJ Chem 2011; 23:1739-1742.

Baynes JW, Thorpe SR: Role of oxidative stress in diabetic
complications: a new perspective on an old paradigm. Diabetes 1999;
48:1-9.

Lin Y, Sun Z: Current views on type 2 diabetes. Journal of Endocrinology
20105 204:1-11.

Mohammed MH, Farrag, AH, Hashim AN, Werner V, Nawwar MA:
Hypoglycemic and antioxidant activities of Caesalpinia ferrea Martius
leaf extract in streptozotocin-induced diabetic rats. J Trop Biomed 2015;
5(6):462—471.

Aurell M, Bjorck S: Determinants of progressive renal disease in diabetes
mellitus. Kidney Int. Suppl 1992; 36:S38—-S42.

Prabhu KS, Lobo R, Shirwaikar A: Antidiabetic properties of the
alcoholic extract of Sphaeranthus indicus in streptozotocin nicotinamide
diabetic rats. J. Pharm. Pharmacol 2008; 60:909-1016.

Wu CC, Hung CN, Shi YC, Wang CJ, Huang HP: Myrciaria cauliflora
extracts attenuate diabetic nephropathy involving the Ras signaling
pathway in streptozotocin/nicotinamide mice on a high fat diet. Journal of
food and drug analysis 2016;24:136-46

Potter SM: Overview of proposed mechanisms for the
hypocholesterolemic effect of soy. J Nutr 1995; 125:606S—- 6118.

Bishov SJ, Henick AS: Antioxidant effect of protein hydrolysates in a
freeze dried model system. J Food Sci 1972; 37:873-75.

Yee JJ, Shipe WE, Kinsella JE:Antioxidant effects of soy protein
hydrolysates on copper-catalyzed methyl linoleate oxidation. J Food Sci
1980; 45:1082-83.

Desfaits, AC, Serri O, Renier G: Normalization of plasma lipid peroxides,
monocyte adhesion, and tumor necrosis factor alpha production in
NIDDM patients after gliclazide treatment. Diabetes Care 1998; 2:487—
93.

Chitturi S, Le V, Kench J, Loh C, George J: Gliclazide-induced acute
hepatitis with hypersensitivity features. Digestive Diseases and Sciences
2002; 47(5):1107-10.

Forsythe WA: Comparison of dietary casein or soy protein effects on
plasma lipids and hormone concentrations in the gerbil (Meriones
unguiculatus). J Nutr 1986; 116:1165-71.

Sirtori CR, Lovati MR, Manzoni C, Gianazza E, Bondioli A, Staels B:
Reduction of serum cholesterol by soybean proteins: clinical experience
and potential molecular mechanisms. Nutr Metab Cardiovasc Dis 1998;
8:334-340.

Tachibana N, Matsumoto I, Fukui K, Arai S, Kato H, Abe K: Intake of
soy protein isolate alters hepatic gene expression in rats. J Agric Food
Chem 2005; 53:4253-57.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Bakhit RM, Klein BP, Essex-Sorlie D, Ham JO, Erdman JW, Jr, Potter
SM: Intake of 25 g soybean protein reduces plasma cholesterol in men
with elevated cholesterol concentrations. J Nutr 1994; 124:213-22.

Wei H, Bowen R, Cai Q, Bames S, Wang Y: Antioxidant and
antipromotional effects of the soybean isoflavone genistein. Proc Soc Exp
Biol Med 1995; 208:124-130.

Brenner BM, Meyer TW, Hostetter TH: Dietary protein intake and the
progressive nature of kidney disease: the role of hemodynamically
mediated glomerular injury in the pathogenesis of progressive glomerular
sclerosis in aging, renal ablation, and intrinsic renal disease. N Engl J
Med 1982; 307:652-659.

Kontessis P, Jones SL, Dodds R: Renal, metabolic and hormonal
responses to ingestion of animal and vegetable proteins. Kidney Int 1990;
38:136-144.

Chen ST, Yang HY, Huang HY, Peng SJ, Chen JR: Effects of various
soya protein hydrolysates on lipid profile, blood pressure and renal
function in five-sixths nephrectomized rats. Br J Nutr 2006; 96:435-441.
James W, Anderson MD: Beneficial effects of soy protein consumption
for renal function. Asia Pac J Clin Nutr 2008; 17 (S1): 324-32.

Sarhan NA, El-Denshary ES, Hassan NS, Abu-Salem FM, Mosaad A.
Abdel-Wahhab MA: Isoflavones-Enriched soy protein prevents CCLA4-
induced hepatotoxicity in rats. ISRN Pharmacology 2012; 12:1- 8.

Waer HF, Helmy SA: Cytological and histochemical studies in rat liver
and pancreas during progression of streptozotocin induced diabetes and
possible protection of certain natural antioxidants. J Nutr Food Sci 2012;
2:9-15.

Eoh SL, Abd Latiff A, Das S: Histological changes in the kidneys of
experimental diabetic rats fed with Momordica charantia (bitter gourd)
extract. Romanian Journal of Morphology and Embryology 2010;
51(1):91-95.

Tolman KG, Fonseca V, Dalpiaz A, Tan MH: Spectrum of liver disease in
type 2 diabetes and management of patients with diabetes and liver
disease. Diabetes care 2007; 30: 734-743.

Kohl T, Gehrke N, Schad A, Nagel M, Worns MA, Sprinzl MF,
Zimmermann T, He YW, Galle PR, Schuchmann M, Schattenberg JM:
Diabetic liver injury from streptozotocin is regulated through the caspase-
8 homolog cFLIP involving activation of JNK2 and intrahepatic
immunocompetent cells. Cell Death and Disease 2013; 4: 1-9.
Jandeleit-Dahm KA, Lassila M, Allen TJ: Advanced glycation end
products in diabetes-associated atherosclerosis and renal disease:
interventional studies. Ann N'Y Acad Sci 2005; 1043: 759-766.

Ramesh B, Pugalendi KV: Impact of umbelliferone [7-hydroxycoumarin]
on hepatic marker enzymes in streptozotocin diabetic rats. Indian J
Pharmacol. 2006; 38: 209-210.

Liu HR, Tang XY, Dai DZ, Dai Y: Ethanol extracts of rehmannia
complex [Di Huang] containing no cornifructus improve early diabetic
nephropathy by combining suppression on the ET-ROS axis with
modulate hypoglycemic effect in rats. J Ethnopharmacol. 2008; 118: 466-
472,

Fair DE, Ogborn MR, Weiler HA, Bankovic-Calic N, Nitschmann EP,
Fitzpatrick-Wong SC, Aukema HM: Dietary soy protein attenuates renal
disease Progression after land 3 weeks in Han:SPRD-cy weanling rats.
Journal of Nutrition 2004; 22:1504-1507.

25


https://www.ncbi.nlm.nih.gov/pubmed/?term=Chitturi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12018908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Le%20V%5BAuthor%5D&cauthor=true&cauthor_uid=12018908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kench%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12018908
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loh%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12018908
https://www.ncbi.nlm.nih.gov/pubmed/?term=George%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12018908

