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Introduction

Abstract

Objective: The goal of this research was to determine the influence
of 4 weeks aerobic training on gene expression of tumor necrosis
factor alpha (TNF-a), hypoxia-inducible factor-1 alpha (HIF-1a) and
vascular endothelial growth factor (VEGF) in the cardiac tissue of
diabetic rats.

Materials and Methods: In an experimental study, 30 male
wistar rats were partitioned into three groups (n=10), diabetic
aerobic training, diabetic control and healthy control (n=10).
Induction of type 2diabetes (T2DM) was done by intraperitoneal
infusion of streptozotocin. The progressive aerobic training protocol
entailed 4 weeks, 5 sessions per week running on treadmill at
velocity of 20 m/min for 60 min. The gene expression of TNF-a,
VEGF and HIF-1a were measured by real time & PCR. One way
analysis of variance and bonferroni test were applied to analysis the
data. The significant level was set at P-value< 0.05.

Results: The results indicated that the aerobic training induced
significant decrease in TNF-a mRNA (P-value< 0.001) and
significant increase in HIF-1a mRNA (P-value< 0.001) and VEGF
mRNA (P-value< 0.001) compared to diabetic control group.
Conclusion: It appears that aerobic training with reduction of
TNF-a issues an affirmative effect on angiogenesis, as a result, it
improves diabetic cardiac.

Keywords: Angiogenesis process, Aerobic training, Tumor
necrosis factor alpha, Hypoxia-inducible factor-1 alpha,
Vascular endothelial growth factor.

ack of physical activity is related to an cardiovascular diseases (2). According to
increase in weight and metabolic previous studies, T2DM is associated with
disorders such as Diabetes mellitus hyperglycemia and changes in reactive oxygen

(type 2 diabetes (T2DM)) (1). People with species (ROS), angiogenic factors and
type 2 diabetes are more prone to peripheral cytokines. Disruption in catabolism and
disease, heart attack and other anabolism of glucose and persistent
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inflammation in the cardiac causes diseases
such as cardiomyopathy. Cardiomyopathy is
the wusual result of promotion metabolic
disorder (3).

Tumor necrosis factor alpha (TNF-a) activates
transcriptional pathways that cause oxidative
stress, then the induced oxidative stress and
inflammation interact with each other to
destroy the cells (4).TNF-a exerts an
important role in the progress of insulin
resistance and reduces the glucose transporter
type 4 (GLUT4) expression, which is
predominantly present in adipocytes and heart
muscles (5). Also, TNF-a also play a role in
inhibiting the generation of hypoxia-inducible
factor-1 alpha (HIF-1a) (6).

HIF-1a is an important transcription factor that
intermediates cellular adaptation to skimp of
oxygen pressure. Hypoxia and hyperglycemia
are of the main problem of diabetes and adjust
HIF-1a expression (6). Although studies have
shown that hyperglycemia and high glucose
disrupt the production pathway for HIF-1a, its
molecular mechanism has not yet been
completely determined (6).

During angiogenesis, HIF-1a activation is the
initiator of vascular endothelial growth factor
(VEGF) expression (7). VEGF is a major
mitogenic factor engaged in the angiogenesis
process. VEGF is a 45-kilodalton glycoprotein
and endothelial cells and tumor cells release it.
VEGF results in the survivorship, duplication,
and immigration of endothelial cells and
ultimately induce construct the novel blood
vessels (8). T2DM is a contradictory state of
angiogenesis, because on the one hand, in
organs such as the eyes and kidneys, it
increases angiogenesis, and on the other hand,
in tissues such as the heart and muscles, it
reduces or inhibits angiogenesis (9).

According to a report, the HIF-1a signaling
pathway is damaged in type 2 diabetes (6), and
as a result, VEGF activation and expression
are reduced and downregulated inside the
ventricles of diabetic patients (10). Regular
aerobic exercise is a non-pharmacologically
effective method for controlling T2DM.
Performing  arranged exercise training

decelerates the endothelial dysfunction
progression, ameliorate blood stream and
cardiac perfusion, and leads to diminish the
hazard of coronary artery disease (11,12).
Improving glucose control, the decline of
plasma lipids and increase of insulin
sensitivity are the actions of exercise training
in diabetic patients (11,13). In STZ-diabetic
models, the disruption of the expression of the
VEGF index in the skeletal muscle was shown
to improve with exercise performance (14,15).
Exercise can lead to various changes in
vascular function, such as decreased heart rate,
low blood pressure, increased maximum
oxygen consumption (Voyma) of heart, and
endothelium-dependent vasodilation (16,17).
Recent studies have shown that aerobic
training is effective on vascular function of
T2DM rats (18,19).Stimulating angiogenesis
and reducing glucose indicates a significant
adaptation of exercise training in improving
blood flow and developing insulin delivery for
glucose removal. Aerobic training can
improve vascular function by reducing the
inflammatory cytokines expression like as
TNF-o, which are associated with endothelial
dysfunction and insulin resistance in T2DM.
Regarding the role of T2DM in the process of
inflammation and angiogenesis and the
efficacy of aerobic training on the
improvement of hyperglycemia and T2DM, in
the present study, the influence of 4 weeks of
aerobic training on TNF-a, HIF-10 and VEGF
gene expression in the cardiac texture of
diabetic rats is investigated.

Materials and Methods

The present study was an experimental
research study. Thirty male wistar rats
weighing between 200 to 300 g and age of 6
weeks were purchased from Iran Institute of
Pasteur. All rats were kept at 21 (£ 2) °C, 55%
humidity and 12-12 has of light and dark
cycles in polycarbonate cages (5 rats per
cage).After two weeks of familiarity with the
environment, for induction of type 2 diabetes
in rats, following 12 hours of fasting, a
solution of nicotinamide (made by Sigma Co.,
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USA) solved in 120 mg/kg normal saline, and
after 15 minutes, streptozotocin (manufactured
by Sigma Co., USA) soluble in 0.1 molar of
buffer citrate at a dose of 65 mg / kg was
injected intra peritoneally (20).

To ensure diabetes, blood glucose above 250
mg/dL. was determined as a criterion for type 2
diabetes, and one week after infusion, diabetic
rats were selected accordingly (21). Diabetic
rats were randomly partitioned into two
groups: Diabetic control (n= 10) and diabetic
+ aerobic training (n= 10); also a group of rats
with normal blood glucose was considered as
the control group (n= 10).

The aerobic training intervention entailed
running on treadmill for 4 weeks and 5
sessions per week. Rats in the aerobic training
group first started at 15 m/min with a gradient
of 15% for 5 minutes, then the term and
velocity slowly enhanced to 2-3 minutes per
session and 1-2 m / min per week, in the fourth
week, the velocity of rats reached to 20 m /
min for 60 minutes (Table 1) (22).

To extract RNA, 50 mg of heart texture was
homogenized by adding 1 ml of Ytzol reagent
(Yekta Tajhiz Azma Co.). Then, various steps
were performed based on the RNA extraction
kit instruction to extract the final RNA and to
prepare pure RNA. The RNA solution
extracted was purified with the DNasel
enzyme from any contamination with DNA
and RNA degrading enzymes. The absorption
ratio of 260-280 nm in a spectrophotometric
method for all extracted specimens was 1.8 -

Table 1. Aerobic training protocol

2. Then, electrophoresis and 1% agarose gel
were used to evaluate the quality of RNA
extracted. From each of the samples, 20
micrograms of mRNA were used to synthesize
the first cDNA strand from the final extracted
RNA samples and Oligo-dT primers (reverse
transcription enzyme) according to the Pars
Tus cDNA synthesis Kkit.

Statistical analysis

The Kolmogorov-Smirnov test was applied to
evaluate the normality of data. One-way
ANOVA was applied for analyzing the
difference between mean of the groups, and
Bonferroni test was applied to determine the
place of difference between the groups. The
significance level for all calculations was
considered as P-value< 0.05. All the analyses
were done by SPSS software version 22 and
the charts were drawn using Microsoft Excel
software version 16.

Ethical considerations

Different stages of training were conducted
observing the ethical issues of treating animals
to prevent their harassment and this study was
approved by Islamic Azad University Central
Tehran Branch (code 10121404972018).

Results

Blood glucose and weight of rats before and
after the end of aerobic training are given in
table 2 as mean (x standard deviation).
Comparisons of the pre and post data showed

Weeks Warm up (Incline=0% ) Speed Time Number of Incline Cool down (Incline=0%)
(10 m/min) (m/min) (Min) session in a week (10 m/min)

First 5 min 15 5-17 5 15% 5 min

Second 5 min 17 20-32 5 15% 5 min

Third 5 min 19 35-47 5 15% 5 min

Fourth 5 min 20 60 5 15% 5 min

Table 2. fasting glucose and weight of rats before and after aerobic training in the healthy control, diabetic control and

diabetic with aerobic training groups

Variable Weight(gr) Fasting Glucose(mg/dl)
Group Before After P-value Before After P-value
Healthy Control 232.7(x22) 264.1(£37) 0.754 90.4(+16) 73.4(x8) 0.004
Diabetic Control 223.6(+36) 250.6(+48) 0.098 299.3%(£85) 378.3*%(x105) 0.121

Diabetic+Aerobic Training 224.3(x30) 227.4(£38) 0.981 354.2%* (x106) 150.7° (+116) 0.001

Paired sample t-test was applied for Within group comparison and One way analysis of variance (ANOVA) was applied for comparing before and
after training changes in three groups. *demonstrates significant changes comparison with the healthy control (P-value <05), and *demonstrates
significant difference comparison with the diabetic control (P-value <05).
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that the weight of rats in the three groups
before and after aerobic training was not
significantly different (P-value> 0.05).
However, their fasting glucose had a
significant and remarkable reduction in the
aerobic training group before and after training
in comparison with the diabetic control group
(P-value< 0.05).

The aerobic training effect on VEGF,
HIF-10 and TNF-a gene expression

The results of statistical analyses for VEGF
gene expression (F,,;= 47.1, P-value= 0.008)
showed that the changes in the three research
groups were significantly different. By
referring to Benfrroni’s post hoc test, it was
found that all of the studied groups had a
pairwise significant difference in VEGF gene
expression (P-value< 0.001) (Table3). In the
case of HIF-1a (F,27=69.1, P-value= 0.002), a
significant difference in the tree groups was
found like VEGF. Besides, by referring to
Bonferroni’s post hoc test displayed the
significant changes between the data in the
healthy control group and the diabetic control
group (P-value< 0.001), also it displayed
significant changes between the data in the
diabetic control group and the aerobic training
group (P-value< 0.001) (Table3).

TNF-a showed a significant difference (F,,7 =
36.3, P-value= 0.007) between three groups.
Referring to Bonferroni’s post hoc test
displayed the significant changes between the
data in the healthy control group and diabetic
control group (P-value< 0.001), also it
displayed significant changes between the data
in the diabetic control and the aerobic training
groups (P-value< 0.001) (Table3).

Discussion

The results showed that diabetes group
significantly increased TNF-o and glucose
concentrations, and significantly decreased
HIF-1a and VEGF gene expression compared
to the healthy subjects. Aerobic training also
significantly decreased TNF-a gene expression
and glucose concentration, and significantly
increased HIF-1a and VEGF gene expression
compared to the diabetic control group. These
results represent cardiac protection by
reducing inflammation and hyperglycemia and
improving the gene expression of the
angiogenic markers of the heart in T2DM.
Increased inflammation in T2DM has been
identified as a contributing factor in
endothelial ~ dysfunction, catabolism and
anabolism of glucose, and heart action (13-
15,18). TNF-o increase in the cardiac
endothelial vessels of diabetic rats and is
recognized as a key mediator in the vascular
dysfunction (23).

Reducing TNF-o gene expression indicates
that aerobic training is defective and prevents
vascular  dysfunction advancement. In
addition, researches have shown that TNF-a
regulates catabolism and anabolism of
peripheral glucose. In support of this, rats that
did not have TNF-a showed better insulin
sensitivity after a high-fat diet (24). However,
reducing this cytokine after an aerobic training
is expected to improve blood vessel function
and glucose metabolism. Along with the
present results, Lee et al.'s study also showed a
decreasing effect of aerobic training on TNF-a
levels (25).

Concerning the cause of T2DM effects on the
variables of the study, hyperglycemia causes
oxidative stress and high levels of ROS, which
regulates HIF-1a itself (6).In addition, when
producing ROS, the interaction between

Table 3. VEGF, HIF-1 and TNF-a gene expression of rats after aerobic training in the healthy control, diabetic
control and diabetic with aerobic training groups

Variable VEGF (mg/dl) HIF-1a (mg/dl) TNF-a (mg/dl)
Group Mean(£SD) Mean(SD) Mean(SD)
Healthy control 1.00 (£0.08) 1.00 (£0.09) 1.00 (£0.06)
Diabetic control 0.41 (£0.05) 0.32 (x0.06) 2.54 (£0.20)
Diabetic+ aerobic training 0.72 (£0.07) 0.71 (0.11) 1.58 (£0.24)

One way ANOVA was used for comparing VEGF, HIF-1 and TNF-alpha gene expression in three groups. * demonstrates significant changes
comparison with the healthy control group (P-value< 05), and * demonstrates significant changes comparison with the diabetic control (P-value< 05).
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superoxide and NO leads to a reduction in the
constant content of NO and thus reduces the
NO-induced aggregation and activity of HIF-
la.

Also, TNF-a and angiotensin II exert a role in
inhibiting the generation of HIF-la (6).
Hyperglycemia causes the production of ROS
and superoxide, the accumulation of which
leads to the removal of superoxide dismutase
(26).

Increasing the reaction of superoxide levels
with NO leads to a decrease in the constant
concentration of NO and therefore change in
the signaling of the response due to NO
(26).While increasing NO activity and
accumulation increases the expression of HIF-
la (6), reducing NO inhibits and suppresses
HIF-1a  expression, and  subsequently
decreases the expression of VEGF (26).

The outcomes of the present research are in
line with prior report that have shown negative
regulation of VEGF in the diabetic heart and
the status of insulin resistance in response to
training (27). Hence, our study confirms
previous reports of significant alteration in the
VEGEF gene expression in the diabetic cardiac
compared to the healthy heart (28).

Along with our results, previous studies have
reported that VEGF levels increase after
training (29,30), while other studies have not
observed a change in the amount of VEGF
after training (31,32).Gu et al. indicated a
reduction in concentration of VEGF after
training (33), which is inconsistent with our
results. Wagner et al. (2016) examined the
influence of 12 weeks of parallel training
(aerobic training with resistance, 3 sessions
per week) on VEGF gene expression in T2DM
rats. The aerobic training caused the augment
the expression of VEGF, and one of the factors
influencing this increase was the improvement
of insulin sensitivity (34).

Bashiri et al. (2015) examined the 8 weeks of
endurance training influence on muscular
angiogenesis and serum level of VEGF in
diabetic rats. The results indicated that
diabetes induced the significant decline in the
capillary density of heart muscle and serum

level of VEGF. Also, endurance training for 8
weeks significantly increased capillary density
of heart muscle and serum level of VEGF (35).
Akf et al. (2011) examined the angiogenesis
action as a regularizer of cardiovascular
problems through stimulating aerobic training,
NO and angiostatin in diabetic rats. The results
showed that both of the aerobic training and
the NO supplement groups had a significant
augment in blood VEGF levels and gene
expression, and the group taking angiostatin
had a reduction in VEGF (36).

Glucose of blood changes in the diabetic rats
with aerobic training showed a significant
decrease after last session, which indicates the
appropriateness of the intensity and duration
of aerobic training. Reducing blood glucose
reduces the production of ROS. Also, the
aerobic training increases the NO release
through various ways like as hypoxia, shear
stress in the vessels (increasing the
vasodilators  expression, especially NO,
Prostacylins and Prostanoids), and endothelial
vessel stretch and pressure. Since ROS is
reduced and less NO is combined with ROS
indicators such as  superoxide, NO
accumulation increases the HIF-la gene
expression and subsequently increases the
VEGEF gene expression in the heart tissue (36).
Also, aerobic training increases the expression
of PGC-1a, which can lead to increased VEGF
gene expression in the heart tissue. HIF-1a is
increased in low oxigen and ischemia state due
to exercise activity (37).This factor by
affecting the promoter region of the VEGF
gene increases it. Also, as the intensity of
exercise increases, lactate aggregation and
adenosine enhances. Lactate and adenosine
increase the concentration of cAMP and
subsequently increase the levels of VEGF
gene expression by activating the A2 receptor
(37,38)

Since the most researches have evaluated the
influence of aerobic training on the
angiogenesis process in the muscle tissue of
healthy people or healthy animals, Probably,
the results of the present study can encourage
physicians and physical education specialists
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to further study about aerobic training
influence on cardiac tissue angiogenesis in
T2DM and to prevent the reduction of
angiogenesis in their heart tissue.

The limitation of the present study was the
temperature of the site where the training of
rats was performed, so that even with all the
attempts to keep the temperature steady at
21°C, the temperature fluctuated at a range of
21+£2°C.

Finally, considering the pattern of food in the
development of type 2 diabetes, the
implementation of aerobic training with a
high-fat diet and its effect on ROS activity and
TNF-0, NO, HIF-1a, and VEGF gene
expression in the heart texture of type
2diabetic is suggested.
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