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Introduction

labetes is a metabolic

Abstract

Objective: The aim of this study was to investigate the effect of
Resistance Training (RT) with Genistein on Interleukin-6 (IL-6) and
C-reactive protein (CRP) in diabetic rats.

Materials and Methods: 64 induced diabetic rats into 8 groups
were investigated with experimental study: first week control, last
week control, RT, 15 mg/kg Genistein consumption, resistance
exercise with 15 mg/kg Genistein consumption, 30 mg/kg Genistein
consumption, resistance exercise with 30 mg/kg Genistein
consumption and placebo (dimethyl sulfoxide). Rats in groups 3, 5
and 7 performed 8 weeks of RT with 30 to 100% of body weight in 3
weekly sessions, and groups 4, 5, 6, and 7 received Genistein
peritoneally with the mentioned doses. Also, to investigate the
effects of diabetes induction on the study variables, 16 healthy rats
were selected and divided into two groups: healthy first week control
and healthy last week control. The data were analyzed using
independent sample T-tests, two-way and one-way ANOVA with
Bonferroni’s post-hoc test in SPSS software (P-value< 0.05).
Results: RT had a significant effect on CRP reduction in induced
diabetic rats (P-value< 0.05). Genistein consumption decreased IL- 6
and CRP in diabetic rats (P-value< 0.05). Moreover, the interaction
between RT and Genistein consumption had statistically significant
effects on the reduction of IL-6 and CRP in diabetic rats (P-value<
0.05); 15 mg/kg Genistein consumption had a greater effect on the
reduction of CRP than 30 mg/kg Genistein consumption in induced
diabetic rats (P-value< 0.05).

Conclusion: RT alone could not significantly reduce the levels of
IL-6 in induced diabetic rats; however, it seems that Genistein
consumption with RT have interactive effects on reducing
inflammatory factors in induced diabetic rats.

Keywords: Training, Genistein, Interleukin- 6, C- reactive protein,
Diabetes

disorder disorders are caused by impaired function or

characterized by symptoms such as insulin secretion. In 2013, 347 million people
chronic hyperglycemia and impaired in the world were involved with the disease,

metabolism of glucose, fat, and protein. These and it is expected to be one of the main causes
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of death in 2030 (1). Diabetes mellitus is
permanently  associated with  decreased
strength in skeletal muscle and increased
levels of blood lipids and inflammatory
markers. The adipose tissue acts as an active
endocrine gland, and its increase in diabetic
patients can destroy adipokines, adiponectin,
leptin, and retinol bound protein- 4 (RBP-4);
in addition, the disturbance in glucose
homeostasis, causes inflammatory responses
(2). The process of inflammation in diabetic
patients is associated with elevated levels of
acute phase proteins including CRP,
fibrinogen, and pro-inflammatory cytokines
such as interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-a) (3). Increased
levels of these inflammatory factors are
associated with the progression of diabetes and
atherosclerosis, which increases insulin
resistance and ineffectiveness of endothelial
cells (4,5). On the other hand, sports activities
have been introduced as a non-pharmalogic
method for treating diabetes mellitus (5,6).
Increased glucose consumption as well as
hypertrophy due to muscle contractions has
been shown to be effective in treating a
number of chronic diseases such as diabetes
(7). Moderating effects of regular physical
activity, and in particular resistance training
(RT) on the immune system, may have
positive results on the innate immune system,
and thus, in addition to improving the strength
and functional abilities of diabetic patients, it
may have other benefits as well (8). However,
the response of systemic inflammation to CRP
and IL-6 following exercise in diabetic
patients is contradictory (4,5). In this regard, a
study showed that three weekly sessions of
aerobic and combined (aerobic and resistance)
training for eight weeks had a significant
effect on reducing insulin and glucose
resistance, but did not change IL-6 in patients
with type 2 diabetes (4); four weeks, three
sessions per week, of RT on rodents’ ladder
had a significant effect on the reduction of
serum CRP levels in diabetic rats, but had no
effect on the reduction of IL- 6 levels in them
(9); on the other hand, three weekly 60-

minute-sessions of moderate and high intensity
exercise for eight weeks led to a significant
decrease in serum CRP levels in diabetic rats.
Also, there was no significant difference
between the two exercise intensities in
reducing CRP in this study (5); six 60-minute-
weekly sessions of yoga for three months had
a significant effect on IL- 6 and CRP reduction
in men (10); 12 months of low- intensity
aerobic training resulted in IL- 6 and CRP
reduction in elderly men and women (11).
Researchers suggest that using proper diet
along with exercise can help reduce glucose
fluctuations in short term, and it can reduce the
long-term complications of type 1 diabetes by
controlling the amount of glucose and lipid in
blood (12). Literature on dietary supplements
and medicinal plants used in traditional
medicine suggests that, in addition to lowering
blood lipids, their existing compounds
including nutrient fibers, vitamins, Flavonoids,
sterols and other antioxidant compounds, can
play a role in the inhibition of oxidation and
free oxygen radicals removal, and hence
enhance complications of diabetes mellitus by
affecting the immune system and improving
metabolic disorders in the body (13). Recent
studies have examined Genistein and its
effects on diabetes. Genistein is a major
isoflavone in soybean which its protective role
in blood vessels and heart and its effectiveness
on the function and secretion of insulin have
been shown (14). In this regard, researchers
have shown that the use of Genistein for four
weeks with 5, 10, and 20 mg/kg body weight
of rats in a day led to a reduction in glucose
and insulin levels in diabetic rats (15). The use
of Genistein has a significant effect on the
reduction of inflammatory factors such as IL-
6, TNF-a and nuclear factor kappa light chain
enhancer of activated B cells (Nf-kB) in cell
culture (16); consumption of Genistein for 8
weeks with 1 mg/kg of body weight resulted in
decreased expression of Nf-kB and IL-1f in
diabetic rats (17). The use of Genistein
improves the inflammatory activity and
regulates the expression of IL- 6, TNF- a in
human stem cells. Genistein significantly

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 11, NUMBER 1, SPRING 2019 57


https://ijdo.ssu.ac.ir/article-1-467-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2026-06-27 ]

Resistance training with genistein & diabetes

increases nitric  oxide and  decreases
interleukin- 6 (19); consuming 30 mg/kg of
body weight Genistein for eight weeks in rats
had a significant effect on the improvement of
lipid profiles of diabetic rats (20). Considering
the above points and the lack of information
on concurrent effects of using Genistein and
RT on inflammatory factors in diabetic
patients, the necessity of conducting the
present study in order to find suitable nutrients
and herbal products with the most anti-
inflammatory effects on diabetic patients was
strongly felt. Therefore, the present study was
carried out to investigate the effect of RT and
Genistein injection on IL- 6 and CRP in
diabetic rats.

Materials and Methods

In this experimental study, 80 adult male
Sprague Dawley rats from animal breeding
center in the house of animals at Islamic Azad
University—-Marvdasht Branch were purchased
and transferred to the animals retention room
of the sport physiology laboratory. During the
study, rats underwent a seven-day adaptation
period under standard conditions at the
ambient temperature of 22+ 2°C and
controlled light (12-hour light and dark cycle),
with free access to water and food and relative
humidity of 55- 60 %. On day 8, after a fasting
night, 64 rats were intraperitoneally injected
with a single dose of 60 mg/ kg streptozotocin
(manufactured by Sigma Company) dissolved
in citrate buffer. Four days later, using
punching method, blood samples were taken
from the tails to measure the glucose levels by
glucometer (21). The rats with blood glucose
greater than 300 mg/ dl were included in the
study. The onset of the training program and
the use of Genistein took place a week after
induction of diabetes and maintenance of the
rats. Blood glucose-induced diabetic rats were
randomly assigned to 8 groups of 8, including
(1) first week control, (2) last week control,
(3) RT, (4) 15mg/ kg Genistein, (5) RT with
15 mg/ kg Genistein, (6) 30mg/ kg Genistein,
(7) RT with 30mg/ kg Genistein and (8)
placebo (dimethyl sulfoxide). Note that the

Genistein used in this study was produced by
Chinese Hangzhou Dingyan Cem Co., Ltd.
with Batch No 20151105.

In order to investigate the effects of diabetes
induction on the research variables, 16 healthy
rats were selected and divided into two groups:
healthy first week control group and healthy
last week control group. At first, first week
healthy control and diabetic control groups
were sacrificed by euthanasia method and
blood samples were taken. Then, the rats in
groups 3, 5 and 7 performed 8 weeks of RT at
intensity of 30 to 100% of body weight during
3 weekly sessions (12). Groups 4 and 5
received daily 15 mg/kg peritoneal Genistein
for 8 weeks and groups 6 and 7 received daily
30 mg/ kg peritoneal Genistein for eight weeks
(22). After this period, blood samples were
taken from the rest of the healthy and diabetic
rats to measure the studied variables. To
measure IL- 6 serum levels, the German-made
zellbio was used; also, measurement of CRP
was done using DIACOLON commercial kit
manufactured in France.

To familiarize the rats with RT and how to
climb the ladder, each rat was placed on the
lowest ladder staircase and trained to climb the
ladder without connecting the weights and by
placing their hind legs on the stairs. To force
the rats to move on the ladder while standing
on a stair and preventing a pause, they were
conditioned by touching their tails and making
a sound, simultaneously. The introduction
program proceeded by climbing the ladder
every day for one week and in each session,
three to four repetitions were performed
without connecting weight. The RT protocol
consisted of eight weeks of climbing a ladder
to the height of one meter, with four
centimeters between each staircase and a
vertical slope. Before beginning of the training
program in each session and in order to warm
up the rats, they were forced to climb the
ladder three times without connecting weight
or rest between repetitions. The weight
selected at the first phase of training was 30%
of rats’ body weight which was increased up
to 100% by the last week. Based on the
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training protocol, weights were connected to
the tip of rats’ tails by using a leucoplast
adhesive (before training the vulnerability of
the rats’ tails to this type of adhesive was
examined). The rats performed two repetitions
with each attached weight. Then a new weight
was added to their tails. The training loads,
including 50, 75, 90 and 100 percent, were the
highest weights that the rats managed to raise
from the ladder. In the last session of weekly
training, after training program of the relevant
session and rats’ resting, the maximum weight
that rats were able to raise was determined.
For this purpose, weights were added to the
last repetition weight, and it continued until
the rats were not able to lift the weight
anymore (12). After eight weeks of training
and supplementation, rats were anesthetized
with ketamine and xylazin to measure research
variables and then blood samples were directly
taken from the left ventricle of them. All the
ethical and legal aspects of this research were
reviewed and approved by the Islamic Azad
University of Marvdasht Branch (IR.MIAU.
REC.1396.123). The findings of this study
were analyzed using paired sample T- test,
one-way ANOVA test, two-way ANOVA test
along with Bonferroni's post hoc test in SPSS
version 19 (P-value< 0.05).

Results

In Table 1 paired sample T-test showed that
IL-6 (t= -17.58; P-value= 0.001) and CRP (t=
-6.29; P-value= 0.001) in the diabetic first
week control group were significantly higher
than healthy first week control group. The
results of one-way analysis of variance
showed a significant difference in rats’ levels

of IL-6 in 15 mg/kg Genistein consumption,
30 mg/kg Genistein consumption, control and
sham groups (F= 86.99; P-value= 0.001). In
addition, results of Tukey's post hoc test
showed that IL-6 levels did not differ
significantly in last week control group and
sham group (M= -15.58; P-value= 0.32).
Levels of IL-6 in the sham group were
significantly lower than 15 mg/kg Genistein
consumption (M= -64.94; P-value= 0.001) and
30 mg/kg Genistein consumption (M=-71.06;
P-value= 0.001) groups. Also, there was no
significant difference in the levels of IL-6 in
15 mg/kg Genistein consumption and 30
mg/kg Genistein consumption groups (M=
6.12; P-value= 0.86).

In Table 2, results of two-way ANOVA
showed that RT (F= 1.04; P-value= 0.31; and
effect size= 0.02) had no significant effect on
decreasing IL-6 levels of diabetic rats, but
Genistein consumption (F= 18.61; P-value=
0.001; and effect size= 0.47) resulted in
significant decrease of IL- 6 in diabetic rats.
RT and Genistein consumption have
interactive effects in reducing IL- 6 in diabetic
rats (F= 8.38; P-value= 0.001; and effect size
= 0.28). In Table 3, based on the results of
Bonferroni’s post hoc test, using 30 mg/ kg
Genistein (P-value= 0.001) and 15 mg/ kg
Genistein ~ (P-value= 0.001) significantly
decreased IL- 6 compared to the groups which
did not receive Genistein. Nevertheless,
consuming 15 and 30 mg/ kg doses of
Genistein had the same effect on the reduction
of IL- 6 levels in diabetic rats (P-value= 0.44).
The results of one-way analysis of variance in
15 mg/ kg Genistein, 30 mg/ kg Genistein,
control and sham groups showed a significant

Table 1. Mean and standard deviation of variables in research groups

Group IL-6 (ng/L) CRP (mg/L)
Control (first week) 72.11+£76.33 0.31£0.13
Control (last week) 19.69+ 11.77 0.0+ 05.35
Diabetic (first week) 9.163£ 11.16 0.0+ 13.73
Diabetic (last week) 25.145+ 96.56 0.0+ 12.76
RT 24.110+ 29.50 0.0+ 09.39
Resistance with 30 mg/ kg Genistein consumption 11.94+ 80.46 0.0+ 08.34
30 mg/kg Genistein consumption 11.88+53.07 0.0+ 07.38
sham 12.159+ 79.14 0.0+ 13.64
Resistance with 15 mg/ kg Genistein consumption 16.107+ 76.00 0.0+ 09.24
15 mg/ kg Genistein consumption 9.94+ 35.20 0.0+ 12.30
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difference between CRP levels in rats (F=
31.96; P-value= 0.001). Moreover, the results
of Tukey's post hoc test showed that CRP
levels did not differ significantly in last week
control group and sham group (M= 0.15; P-
value= 0.60). CRP levels of sham group were
significantly lower than 15 mg/ kg Genistein
(P-value= 0.001) and 30 mg/ kg Genistein (P-
value= 0.001) groups; there was no significant
difference between levels of CRP in 15 mg/ kg
Genistein and 30 mg/ kg Genistein (P-value=
0.47) groups.

The results of two-way ANOVA indicated that
eight weeks of RT (F= 29.15; P-value= 0.001;
effect size= 0.41) and Genistein
supplementation (F= 37.62; P-value= 0.001;
effect size= 0.64) had a significant effect on
CRP reduction in diabetic rats. RT and
Genistein consumption have interactive effects
on reducing CRP in diabetic rats (F= 13.94; P-
value= 0.001; effect size= 0.39). In Table 4
results of Bonferroni’s test showed that
consumption of 30 mg/ kg Genistein (P-
value= 0.001) and 15 mg/ kg Genistein (P-
value= 0.001) had a significant effect on the
reduction of CRP in diabetic rats; in addition,

compared to 30 mg/ kg Genistein, the
consumption of 15 mg/ kg Genistein had a
greater effect on reducing levels of CRP in
diabetic rats (P-value= 0.04).

Discussion

Increased blood glucose is a common disorder
that affects a significant percentage of people
in our country. This disorder may be due to
decreased levels of insulin or cellular receptor
deficiency. Based on the results, induction of
diabetes increased serum levels of IL-6 and
CRP in rats. CRP serum levels were reported
above normal healthy subjects in diabetic
patients (23,24). Considering the limitation of
research on human specimens, it seems
necessary to use animal models to better
investigate this disease. One of the diabetic
chemicals used in laboratory studies on animal
models, such as rats, is streptozotocin (STZ).
STZ degrades the membrane of pancreatic
cells, splits DNA and reacts with enzymes
such as glucokinase, which can increase blood
glucose levels in animals. STZ increases the
expression of glucose- 6 hepatic phosphatase
enzyme mRNA and, thereby, increases blood

Table 2. Results of two-way ANOVA test to examine the levels of research variables

Factor Variable Sum of Square df F /-value Effect Size
Genistein Consumption 11867.71 2 18.61 0.001 0.47
RT 334.23 1 1.04 0.31 0.02
L Genistein Consumption with
RT 5345.81 2 8.38 0.001 0.28
Genistein Consumption 0.77 2 37.62 0.001 0.64
RT 0.30 1 29.15 0.001 0.41
ELIE Genistein Consumption with
RT 0.28 2 13.94 0.001 0.39

Table 3. Results of Bonferroni’s post-hoc test to compare the effect of Genistein consumption
with different doses on IL- 6 serum levels of streptozotocin-induced diabetic rats

Factor No Genistein Consumption 15 mg/kg Genistein Consumption

30 mg/kg Genistein Consumption M= -36.76 *, P-value= 0.001 M=-9.32, P-value= 0.44
15 mg/kg Genistein Consumption M= -27.43 ", P-value= 0.001

" results of Bonferroni’s post hoc test, using 30 mg/kg Genistein (P-value= 0.001) and 15 mg/ kg Genistein (P-value= 0.001)
significantly decreased IL- 6 compared to the groups which did notreceive Genistein.

Table 4. Results of Bonferroni’s post-hoc test to compare the effect of different doses of
Genistein on serum CRP levels of streptozotocin-induced diabetic rats

Factor No Genistein Consumption 15 mg/kg Genistein Consumption

30 mg/kg Genistein Consumption M=-0.21 P-value= 0.001 M= 0.09, P-value= 0.04
15 mg/kg Genistein Consumption M=-0.30 ", P-value= 0.001

“results of Bonferroni’s test showed that consumption of 30 mg/ kg Genistein (P-value= 0.001) and 15 mg/ kg Genistein (P-
value= 0.001) had a significant effect on the reduction of CRP in diabetic rats.

" compared to 30 mg/kg Genistein, the consumption of 15 mg/ kg Genistein had a greater effect on reducing levels of CRP in
diabetic rats (P-value= 0.04).

60
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glucose (25). Studies have shown that
increased STZ-induced hyperglycemia causes
an increase in reactive oxygen species (ROS).
Following ROS increase in cells, the disturbed
balance between antioxidants and ROS
contributes to progression of diabetes.
Increasing oxidative stress activates the signal
cascade of inflammation and increases IL- 6
and TNF- a (26). In line with results of the
present study, injection of 55 mg/ kg STZ had
a significant effect on increased levels of TNF-
o, CRP and blood glucose in rats (9);
induction of diabetes with a dose of 60 mg/ kg
of STZ increased inflammatory factors in rats
(27,28). Reasons for the alignment of these
studies with the present study can be attributed
to using the same dosages of STZ. However,
inconsistent with the present study, induction
of diabetes by 55 mg/ kg of STZ had no
significant effect on elevated levels of IL- 6 in
rats (9); possible reasons for this inconsistency
can be attributed to levels of measurement and
different measurement methods of the two
studies.

The results showed that RT had a significant
effect on reduced levels of serum CRP in
diabetic rats, but the effect of RT on IL- 6
reduction in diabetic rats was not significant.
Along with the present study, three weekly
session of high intensity interval training for
six weeks did not significantly decrease IL- 6
in overweight women with type 2 diabetes
(29). Three weekly sessions of aerobic training
and combined training for eight weeks with
60- 80 % intensity of maximum heart rate had
no significant effect on the reduction of IL- 6
in type 2 diabetic patients (4). Reasons for the
similarity of these studies with the present
study can be attributed to diabetic subjects in
both studies. Researcher stated that RT with
different intensities reduced the levels of CRP
and hs-CRP in young men (30), elderly men
(31) and diabetic and non-diabetic rats (9).
Moreover, combined trainings (aerobic and
resistance) had a significant effect on the
reduction of CRP and no change in levels of
IL-6 in inactive men (32) and healthy elderly
women (33). Eight weeks, three sessions a

week, of endurance training had a significant
effect on reducing CRP levels in diabetic rats
(5); similarity of the statistical population and
the induction of diabetes by the same methods
can be explained as the reasons for the
compatibility of these studies with the present
study.

Eight weeks, three sessions per week, of
endurance training with 60-75% intensity of
maximal heart rate significantly reduced the
CRP of middle-aged women with diabetes
(34); reasons for the consistency of this study
with the present study can be the initial levels
of variables in both studies.

On the other hand, in contrast with the present
study, researchers have stated that 18 months
of walking exercise combined with weight
lifting had no significant effect on the CRP of
elderly obese male patients (35). The reason
for the inconsistency of this study with this
study is the difference between type and
intensity of  exercises and statistical
population. The beneficial effects of long-term
RT on health and improvement of metabolism
in diabetic patients are well known. RT
improves the complications of diabetes by
increasing levels of insulin sensitivity to
facilitate glucose uptake by muscle cells. It is
worth mentioning that the difference in results
may be due to the type of training, the
difference in the statistical population and the
primary levels of CRP. Since reduction in
CRP levels can be due to the potential effect of
exercising on modulation of inflammation
from diabetes, hormonal changes occur in
response to physical activity and exercise that
increase the concentration of several
hormones, including cortisol, growth and
epinephrine. It appears that IL-6 released from
muscles is responsible for increasing cortisol
secretion in sports activities. IL-6 stimulates
cortisol secretion with an effect on the
hypothalamus and adrenal glands. Cortisol and
epinephrine suppress the production of
inflammatory cytokines. RTs lead to decreased
amount of stored body fat by increasing the
stimulation of protein synthesis and muscle
mass. Following that, the extinction of
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inflammatory cytokines gene in muscle tissue
and reduction of leukocyte adhesion molecules
serum levels by inhibiting the reaction of
monocytes and endothelial cells, ultimately
lead to less inflammation (31). In addition,
exercise activity can reduce CRP levels in the
blood circulation by directly reducing the
production of cytokines in the adipose tissue,
muscle and mononuclear cells, and by
indirectly increasing insulin sensitivity and
improving endothelial function. However, the
mechanism for the role of RT on reducing
inflammation is not well defined. Studies have
shown that increased caloric intake can lead to
lower levels of CRP in several ways, including
weight loss (4). Researchers also believe that
lack of significant changes in IL-6 levels
following RT can be explained as exercise
training is likely to increase pro-inflammatory
cytokines such as vaspin, which play an
inhibitory role in reactive oxygen species
(ROS) and inflammatory agents in smooth
muscle and vascular cells; this mechanism is
associated ~ with  the  prevention  of
phosphorylation of Nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB)
and the protein CO kinase. Increasing blood
glucose during exercise results in oxidative
stress, which in turn results in activation of
NF-kB and thus an increase in levels of pro-
inflammatory cytokines in blood circulation
(36).

Genistein consumption has a significant effect
on the reduction of IL- 6 and CRP in diabetic
rats. Cell damage in diabetes and development
of insulin resistance are closely related to the
presence of oxidative stress in the cell.
Oxidative stress is likely to directly increase
the risk of diabetes by reducing insulin
sensitivity and destruction of insulin-
producing cells and degradation of pancreatic
cells. Increasingly active oxidative stress can
also contribute to systemic inflammation and
increased levels of  pro-inflammatory
cytokines such as IL-6, TNF-a and IL-1p.
Inhibition of insulin receptor downstream
signaling cascade is a primary mechanism
through which inflammation produces insulin

resistance (37). Most researchers believe that
elevated cholesterol, neutrophil accumulation
and hypoxia in the cell will result in
production of inactive IL-1B form, and
inactive IL-1B with interfering caspase-1 will
change into an active form of IL-1p, resulting
in the production of IL-6 as well as CRP (38).
Nevertheless, Genistein isoflavone via cAMP/
PKA increases the production of NOS and NO
from non-genomic pathways. cAMP is the
central molecule in many messaging pathways
and plays an important role in maintaining the
vascular function. cAMP/ PKA pathway
activity results in endothelial nitric oxide
phosphorylation, resulting in its activity, and
consequently in NO production. In addition,
the activation of the cAMP/ PKA pathway also
inhibits vascular inflammation by suppressing
the adhesion of leukocytes to endothelial cells
(39). Genistein also increases the mass of
pancreatic beta cells and serum insulin levels
in diabetic patients through protein diet-
induced weight loss, and subsequently
facilitates the transfer of glucose into the cell.
Researchers also believe that following weight
loss and decreased fat mass, reduction of pro-
inflammatory factors from signaling pathway
inhibition of NF-kB and IL-1p takes place.
Genistein leads to a decrease in the production
of TNF-a, IL-6 and CRP by inhibiting the
inhibitory protein of IxBa, increasing
phosphorylation of IKK (an enzyme which
inhibits the IkB protein and phosphorylation of
IL-1p receptors (9,17,37,40).

In line with decreasing the inflammatory
factors following the wuse of Genistein,
researchers reported that taking one mg of
Genistein per kg of body weight for eight
weeks had a significant effect on the reduction
of Nf-kB and IL-1f and a significant increase
in SIRTI in ovariectomized rats and
ovariectomized and high fatty foods and STZ-
induced diabetic rats (17). Daily injection of
30 mg per kg of body weight Genistein for
eight weeks had a significant effect on the
improvement of fat profile in STZ induced
diabetic rats, thus reducing low density
lipoproteins and low density lipoprotein and
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cholesterol can lead to decreased inflammation
(20). On the other hand, inconsistent with the
results of the present study, consumption of 14
grams of soy protein per day for eight weeks
did not have a significant effect on serum
TNF-a changes in peritoneal dialysis patients
(41). Possible reasons for this inconsistency
can be seen in the manner of application and
dose of Genistein and different statistical
population. Also, the use of Genistein at 50
mg/kg of body weight per day for two weeks
did not have a significant effect on TNF-a
reduction in doxorubin-induced nephropathy
rats (42). Possible reasons for the
inconsistency of this study with the current
study could be the different doses of two
studies and different time periods, which was
eight weeks in the current study but two-weeks
in the referred study. Six months of using daily
doses of Genistein at a rate of 30-54 mg/ dl
had no significant effect on reducing CRP
levels in women with menopause (43); among
the reasons for inconsistency with results of
this study, we can point to different statistical
populations as well as CRP basal levels.

The results of present study showed that RT
with Genistein have interactive effects in
reducing serum IL-6 and CRP levels in rats.
Most researchers have examined the effects of
Genistein and exercise on inflammatory
factors separately. In this regard, no study was
found to investigate the effect of simultaneous
application of Genistein and RT on IL-6 and
CRP in diabetic patients. The results of studies
have shown that both Genistein and exercise
lead to reducing inflammation in diabetic
patients by decreasing mass and consequently
reducing pro-inflammatory factors from the
signal pathway of IxBo protein inhibition,
increasing  IKK  phosphorylation  and
decreasing the expression of Nf-kB, as well as
phosphorylation of IL-If  receptors,
(9,17,37,44,45). In confirmation of the
findings of this study, Osali et al. (2016)
concluded that endurance training with
moderate intensity and 30 mg/ kg injection of
Genistein had an interactive effect on
improving fat profile in STZ induced diabetic

rats (20). Fight weeks, three sessions per
week, of endurance training with moderate
intensity and daily consumption of 100 grams
of soy nuts had an interactive effect on
reducing the mean systolic blood pressure and
systolic blood pressure in obese menopausal
women (46). On the other hand, inconsistent
with the results of the present study, 30
sessions of combined training (aerobic and
resistance) and 100 mg of isoflavone per day
had no interactive effects on the reduction of
inflammatory factors (IL-6 and IL-8) in
postmenopausal women (47). The reasons for
the inconsistency of this study may be the
difference in the statistical population and the
initial levels of inflammatory factors
measurement. One of the limitations of the
present study was the lack of control over
conflicts among rats and their damage during
non-training hours that could affect the
changes in inflammatory factors in diabetic
rats. Considering the lack of control of the
calorie intake among the research groups and
the importance of this point during exercise, it
is suggested that in future studies, the effects
of endurance exercise be studied along with
controlling the accurate amount of food
consumed to control the amount of calories
received and consumed in diabetic rats. In
addition, regarding the effect of fat mass and
its relation with cytokines, the lack of fat mass
measurement and its relation with levels of
research  variables were among other
limitations of this research. Therefore, it is
suggested that in the future studies different
intensities of RT and their effects on fat mass
as well as their correlation with inflammatory
factors in diabetic rats be investigated and the
results be compared with this study.

Conclusions

Regarding the findings of this study, it can be
generally concluded that although RT alone
could not significantly reduce levels of IL-6 in
diabetic rats, RT with Genistein consumption
had interactive effects on reducing serum
levels of IL-6 and CRP in rats.
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