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Introduction: Diabetes is a metabolic disease that affects the neural and immune system, causing 
long-term health complications such as neuropathy and nephropathy. Considering that physical 
education and nutrition are foremost influential factors in the management of diabetes, the 
present study aimed to investigate the effects of moderate-intensity endurance training and 
genistein on the serum levels of brain-derived neurotrophic factor (BDNF) and tumor necrosis 
factor-α (TNF-α) in diabetic rats. 
Methods: This experimental study was conducted on 40 diabetic rats, which were selected and 
divided into five groups of control, moderate-intensity endurance training, genistein 
consumption, moderate-intensity endurance training with genistein, and sham. The animals in 
groups two and four ran on a treadmill for eight weeks in three sessions per week (each session: 
60 minutes) within the speed range of 10-17 m/min, and the rats in groups three and four 
received genistein with the daily dose of 30 mg/kg via intraperitoneal injection. Data analysis was 
performed using the Kolmogorov-Smirnov test, independent samples t-test, and two-way analysis 
of variance (ANOVA) at the significance level of ≤0.05. 
Results: Endurance training significantly increased the serum level of BDNF (P=0.002; effect size: 
0.34), while it reduced serum TNF-α (P=0.003; effect size: 0.31). Similarly, genistein consumption 
significantly increased the serum level of BDNF (P=0.01; effect size: 0.24), while it decreased 
serum TNF-α (P=0.001; effect size: 0.37). Moreover, endurance training with genistein 
consumption had interactive effects on increasing serum BDNF (P=0.04; effect size: 0.15) and 
decreasing serum TNF-α (P=0.019; effect size: 0.20). 
Conclusion: According to the results, moderate-intensity training and genistein consumption 
alone could improve the serum levels of BDNF and TNF-α in diabetic rats. However, the 
simultaneous consumption of genistein may enhance the effects of moderate-intensity training on 
BDNF and TNF-α in diabetic rats. 
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Introduction
Diabetes is a metabolic disease defined as 

the high levels of blood glucose, which is caused 
by inadequate insulin production by pancreatic 
cells or the insufficient response to insulin by 
the cells (1). Diabetes is associated with long- 
term complications, such as neuropathy and 

nephropathy (2), as well as the destruction of 
Schwann cells and myelinated neurons and 
reduction of neuronal populations (3). 

The systemic inflammation in diabetes plays 
a pivotal role in the disease (4). As a result, the 
adipose tissue acts as an endocrine agent, which 
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secretes adipocytokines and cytokines and 
indirectly affects the level of interleukin-6 (IL- 
6). Furthermore, inflammatory factors (e.g., IL-
6) have the potential to cross the blood barrier. 
Through specific mechanisms, these factors 
prevent the increased expression of the 
neurotrophin family (5), which play a key role in 
the regeneration and protection of neurons (3). 
The brain-derived neurotrophic factor (BDNF) is 
an important member of this family, and the 
excessive expression of the IL-6 and tumor 
necrosis factor-α (TNFα) that are induced by 
diabetic inflammation reduces the expression of 
BDNF (5). 

Sports activities have been reported to be a 
non-pharmacological approach to the treatment 
of diabetes mellitus (6). Several studies have 
been focused on the effects of exercise on the 
serum levels of BDNF and TNF-α, reporting that 
three months (5), eight weeks (7), and six 
months of exercise (8) could significantly 
increase serum BDNF and decrease serum TNF-
α in women and men with metabolic syndrome. 
On the other hand, the results of some studies 
have indicated that diet and exercise alone or 
together could reduce the progression of 
diabetes by up to 40% after six years (6). Over 
the past few years, extensive research has been 
focused on the effectiveness of the medicinal 
plants used in traditional medicine in the 
treatment of diabetic patients (9). Furthermore, 
research on the food supplements and herbs 
used in traditional medicine has suggested that 
the compounds in these supplements (e.g., 
dietary fibers, vitamins, flavonoids, sterols, and 
other antioxidant compounds) could decrease 
blood lipids, inhibit oxidation, release oxygen 
free radical, influence the immune system, and 
improve metabolic disorders in order to 
enhance the conditions of diabetic patients (10). 

Genistein is a major isoflavone in soybean, 

the protective role of which in arteries and heart 
has been confirmed. Recent studies have 
examined the effect of genistein in soybean on 
the lipid profile of diabetic patients (11). On the 
same note, researchers have claimed that the 
injection of 1 mg/kg of genistein in female, non-
ovarian diabetic rats and diabetic rats could 
increase the synthesis and secretion of BDNF in 
the spinal cord. Moreover, the effect has been 
reported to be greater in diabetic rats compared 
to non-ovarian, diabetic rats (11). 

According to the literature, genistein and 
daidzein could significantly reduce the incidence 
of adiponectin and lipid cells, as well as the 
activity of c-Jun N-terminal kinase and TNF-α 
(12). Although genistein has a significant effect 
on the treatment of diabetes during exercise in 
the patients with type II diabetes, it does not 
have a physiological response to increased 
blood glucose levels in those with type I 
diabetes during exercise (6). 

Recent studies have indicated that the 
simultaneous combination of dietary 
supplements and exercise could positively 
influence several diseases, including diabetes 
(13, 14). However, no studies have addressed 
the combined effects of genistein and exercise 
on BDNF and TNF-α. The present study aimed to 
investigate the interactive effects of moderate-
intensity endurance training and genistein on 
the serum levels of BDNF and TNF-α in diabetic 
rats. The main research hypothesis was to 
assess whether the consumption of genistein 
could accelerate the effects of moderate-
intensity training, thereby increasing BDNF and 
decreasing TNF-α in diabetic rats. 
 

Material and methods 
This experimental study had a factorial 

design with five groups, as depicted below. 

 
X1 Y 

X2 Y 

X1+X2 Y 

~X Y 
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X1: training, X2: genistein, ~X: control,        variable                :sham, y: dependent 

 
The sample population consisted of 40 adult male Sprague-Dawley rats with the mean 
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weight of 220.22±25 grams, which were 
purchased from the animal breeding center of 
Marvdasht Islamic Azad University, Iran and 
transferred to the animal holding room of the 
physiology laboratory. During the study 
period, the animals were kept at the ambient 
temperature of 22±2°C and controlled light 
(12-hour light/dark cycle) and maintained 
within an eight-day adaptation period. They 
also had free access to water and food during 
the research period (15). 

 
Diabetes Induction 

On day eight and after overnight fasting, 40 
rats were subjected to the intraperitoneal 
injection of a single dose of streptozotocin (60 
mg/kg) (Sigma-Aldrich, USA), which was 
dissolved in citrate buffer (16). Four days after 
the injection, the animals were examined using 
the punch method in order to measure the blood 
glucose level using a glucometer (15). In total, 
40 rats with higher blood glucose levels than 
300 mg/dl were enrolled in the study. 

 
Animal Grouping 

The training program and genistein 
consumption initiated one week after the 
induction of diabetes and maintenance of the 
animals. Diabetic rats were randomly assigned 
to five groups of eight, including 1) control, 2) 
moderate-intensity endurance training, 3) 
genistein consumption, 4) moderate-intensity 
endurance training with genistein consumption, 
and 5) sham. It is notable that the sham group 
received dimethyl sulfoxide, which is a genistein 
solvent. The genistein used in the present study 
was manufactured by Hangzhou Dingyan Cem 
Co., Ltd (batch No. 20151105). 

 
Training Protocol and Genistein Consumption 

The animals in groups two and four ran on a 
treadmill for eight weeks during three sessions 
per week (each session: 60 minutes) at the 
speed of 10-17 m/min (17). The animals in 
groups three and four received daily genistein 
via intraperitoneal injection (30 mg/kg) for 
eight weeks (18). Afterwards, blood samples 
were obtained from diabetic rats in order to 
measure the variables. 

Before blood sample collection, the animals 
were kept fasting for 16 hours. The serum levels 

of BDNF were measured using the Zellbio 
commercial kit (Germany) with the sensitivity of 
nanogram per milliliter (ng/ml), and the serum 
levels of TNF-α were measured using the 
Diaclone commercial kit (France) with the 
sensitivity of picogram per milliliter (pg/ml). 
The measurement of BDNF and TNF-α levels 
was performed using the ELISA assay. 

 
Statistical Analysis 

Data analysis was performed in SPSS version 
21 using the Kolmogorov-Smirnov test to assess 
the normal distribution of the data, independent 
sample t-test, and two-way analysis of variance 
(ANOVA) at the significance level of 0.05. Since 
there were two factors (training and genistein) 
in the present study, two-way ANOVA was used. 
It is notable that all the ethical and legal aspects 
of this research were reviewed and approved by 
the Islamic Azad University of Marvdasht, Iran.  
 

Results  
Serum levels of BDNF and TNF- α in rats are 

depicted in Figures 1 and 2, respectively. To 
eliminate the effects of dimethyl sulfoxide 
injection on the variables of the study, 
independent sample t-test indicated no 
significant differences in the serum levels of 
BDNF (t=1.22; P=0.24) and TNF-α (t=0.83; 
P=0.56) between the control and sham groups. 

The results of two-way ANOVA are presented 
in Table 1. According to the information in this 
table, endurance training (F=12.35; P=0.002; 
effect size: 0.34) and genistein consumption 
(F=7.84; P=0.01; effect size: 0.24) had significant 
effects on increasing the serum levels of BDNF 
in diabetic rats. In addition, endurance training 
combined with genistein consumption (F=4.44; 
P=0.04; effect size: 0.15) have an interactive 
effect on increasing the serum levels of BDNF in 
diabetic rats. 

According to the results of two-way ANOVA, 
endurance training (F=10.95; P=0.003, effect 
size: 0.31) and genistein consumption (F=14.62; 
P=0.001; effect size: 0.37) had significant effects 
on reducing the serum levels of TNF-α in 
diabetic rats. Furthermore, endurance training 
combined with genistein consumption (F=6.32; 
P=0.019; effect size: 0.20) had interactive effects 
on reducing the serum levels of TNF-α in 
diabetic rats. 
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Figure 1. Serum Levels of Brain-derived Neurotrophic Factor in Five Research Groups of Rats 

 
 

 
Figure 2. Serum Levels of Tumor Necrosis Factor-α in Five Research Groups of Rats 

 
Table 1. Results of Two-way ANOVA to Determine Changes in Serum Levels of BDNF and TNF-α in Diabetic Rats 

Variable Factor Mean Standard Deviation F Significance Level Effect Size 
BDNF Training 300.92 37.56 12.35 0.002 0.34 

Genistein 288.6 65.68 7.84 0.01 0.24 
Training with Genistein 312.9 49.87 4.44 0.04 0.15 

TNF-α Training 2.11 0.94 10.95 0.003 0.31 
Genistein 1.86 0.91 14.62 0.001 0.37 

Training with Genistein 1.46 0.49 6.32 0.019 0.20 
BDNF: Brain-derived neurotrophic factor; TNF-α: tumor necrosis factor-α 

Discussion 
According to the results of the present study, 

eight weeks of moderate-intensity endurance 
training had significant effects on increasing the 
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serum levels of BDNF and reducing the serum 
levels of TNF-α in diabetic rats. Diabetes is 
associated with increased inflammation, and the 
disease progression leads to the increased 
expression of proinflammatory agents (e.g., 
TNF-α) by macrophages in cells. Furthermore, 
mitogen-activated protein kinase and p38 with 
the cAMP receptor phosphorylation mechanism 
is a known agent for regulating the expression of 
the BDNF gene and activating exon IV (inhibitor 
of BDNF protein synthesis) (19). The 
mechanisms for the secretion of cytokines with 
exercise are highly complex and have not been 
well known yet. However, studies have 
indicated that regular exercise could stimulate 
the Th2 activity, thereby increasing the 
production of Th2 family cytokines and 
decreasing inflammation by increasing the 
production of anti-inflammatory cytokines (20). 

Several studies have been focused on the 
effects of physical exercise on BDNF and TNF-α. 
In line with the present study, eight weeks of 
moderate- and high-intensity endurance 
training (2), 12 weeks of endurance training 
(21), six weeks of moderate-intensity endurance 
training (3), three months of endurance 
exercises (5), eight weeks of interval training 
(8), and six weeks of endurance training (22) in 
the men and women with metabolic syndrome 
and diabetes have been reported to significantly 
increase the levels of BDND. One of the possible 
reasons for the consistency of these findings 
with the results of the present study is the long-
term training period of the studies in this 
regard. 

On the other hand, 12 weeks of endurance 
training were reported to have no significant 
effect on the reduction of TNF-α in the obese 
adolescents with type II diabetes (21), which is 
inconsistent with the results of the present 
study. This discrepancy could be due to the 
differences in the sample populations and 
duration of training. In another similar research, 
12 weeks of moderate-intensity endurance 
training had no significant effect on the 
reduction of TNF-α in the plasma of the patients 
with type II diabetes (23). This incompatibility 
with the results of the present study could be 
due to the differences in the sample populations, 
duration of training, and measurement levels of 
the variables. 

In another study, six weeks of high-intensity 

training with the speed of 27 m/min and 
training combined with vitamin E consumption 
resulted in a significant increase in the levels of 
TNF-α and H2O2, while no significant changes 
were observed in the BDNF levels of rats (24). 
This inconsistency with the results of the 
present study could be due to the differences in 
the intensity of the training, sample populations, 
and baseline levels of BDNF and TNF-α in 
diabetic and healthy rats. 

The anti-inflammatory effects of genistein on 
diabetes could be attributed to the onset of 
weight loss caused by the protein diet, which 
increases the mass of pancreatic beta cells and 
serum insulin levels, thereby facilitating the 
transfer of glucose to the pores of cells (25). 
Other studies in this regard have also denoted 
that the use of genistein may be associated with 
the reduced expression of NF-κB and increased 
β-estradiol-17 (E2) as a micronutrient of nerve 
cells, which in turn increases the expression of 
BDNF mRNA in nerve cells (11, 25). 

Some studies in this regard have been 
focused on the effects of using genistein and soy 
isoflavones on inflammatory and neurotrophic 
factors, such as 1 mg/kg of genistein (11), 30 
mg/kg of genistein (13), 20-2000 nanograms of 
genistein (26), the increased expression of 
BDNF mRNA (11, 26, 27), and improved lipid 
profile (13) in diabetic and ovariectomized rats. 
The findings of these studies are in congruence 
with the present study, and the consistency 
could be attributed to the long-term use of 
genistein in most of these studies. 

Inconsistent with the current research, the 
eight-week consumption of 14 grams of soy 
protein per day had no significant effects on the 
changes in serum TNF-α in peritoneal dialysis 
patients (28). In addition, use of genistein (50 
mg/kg of body weight/day) for two weeks has 
been reported to have no significant effect on 
the reduction of TNF-α in the rats with 
doxorubicin-induced nephropathy (29). This 
discrepancy could be attributed to the use of 
various doses and difference in the duration of 
the studies, which was eight weeks in the 
current research and two weeks in the 
mentioned study. 

According to the results of the present study, 
eight weeks of moderate-intensity endurance 
training combined with genistein consumption 
had interactive effects on increasing the serum 
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levels of BDNF and decreasing the serum levels 
of TNF-α in diabetic rats. There have been 
limited studies regarding the interactive effects 
of physical exercise and genistein consumption. 
For instance, the research by Jourkesh et al. 
(2017) showed that six weeks of combined 
endurance and resistance training along with 
the consumption of soy extract had more 
significant effects on the improvement of 
endothelial nitric oxide synthesis and weight 
loss in the heart tissues of ovariectomized rats 
(30). Furthermore, resistance training and 
isoflavone consumption has been reported to 
exert significant effects on the improvement of 
the body composition in postmenopausal 
women (31), while aerobic exercise along with 
the consumption of soy isoflavones has been 
reported to have significant effects on the 
improvement of lipid profile in postmenopausal 
women (32). 

Some studies have indicated that reduced 
levels of cholesterol and low-density lipoprotein 
could diminish oxidative stress, thereby 
resulting in the inhibition of pro-inflammatory 
factors. Therefore, the reduction of IL-6, IL-1β, 
TNF, and IL-10 and increased superoxide 
dismutase following combined exercise and 
isoflavone consumption could be considered as 
a common mechanism in these interventions. In 
this regard, Giolo et al. (2018) stated that 10 
weeks of combined aerobic and resistance 
training along with genistein use decreased pro-
inflammatory factors in postmenopausal women 
(33). Moreover, aerobic exercises along with the 
consumption of soy seeds have been reported to 
exert significant effects on the improvement of 
parameters such as glucose, insulin, and low-
density lipoprotein, while increasing superoxide 
dismutase in the muscle tissues of diabetic rats 
(34). 

Inconsistent with the findings of the current 
research, 30 sessions of combined aerobic and 
resistance training along with the consumption 
of isoflavones (100 mg) per day had no 
interactive effects on the reduction of 
inflammatory factors (IL-6 and IL-8) in 
postmenopausal women (33). Considering the 
results of the present study regarding the 
interactive effects of genistein and moderate-
intensity endurance training should be taken 
into account in further investigations.  
 

Conclusion 
According to the results, moderate-intensity 

endurance training along with genistein 
consumption could affect the improvement of 
diabetic disorders through increasing the serum 
levels of BDNF and reducing the serum levels of 
TNF-α in diabetic rats. 
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