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ABSTRACT

Received: 04.Jul 2016 I8 Type 2 diabetes is a rising problem and a significant risk factor for small and large vessel disease. The

Accepted: 18 Feb 2017 i present study aims to investigate the effect of a 6-week aerobic exercise program on High-mobility Group
Available Online:01Jan2021  ©  Box 1 (HMGBL1) gene expression in aortic tissue of diabetic rats.
: In this experimental study, 40 male rats aged 8 weeks were randomly selected.
Once familiarized with the exercise protocol, they were divided into four groups of healthy-control (n=10),
diabetic-control (n=10), healthy-exercise (n=10), and diabetic-exercise (n=10). Type 2 diabetes was first
induced, and then the rats run on a treadmill for 6 weeks, 5 sessions per week. After 12-14 h of fasting and
72 h after the last session, aortic tissue sampling was performed for HMGBL1 analysis by quantitative real-
time polymerase chain reaction (g-RT PCR) technique. Data analysis was performed using 1-way ANOVA
and Tukey post hoc test at the significant level of P<0.05.
[FIEMEE Induction of type 2 diabetes led to a significant increase in HMIGB1 gene expression in rats

Key words: © (P=0.001), significantly reduced following aerobic exercise (P=0.003). Aerobic exercise also reduced the
Diabetes, Regular : expression of the HMIGB1 gene in healthy rats (P=0.000).
aerobic exercise, [@TEIERT Aerobic exercise may have a protective effect by reducing the HMGB1 gene expression in
Pyroptosis, HMGB1 : the aortic tissue of diabetic rats. It can be used as an effective non-pharmacological method to improve
gene . diabetes-induced inflammation and prevent vascular disorders.
Extended Abstract in the absence of viral or bacterial pathogens and is associ-
ated with hyperglycemia complications [2]. One study has
1. Introduction shown that diabetes is a significant risk factor for athero-
sclerosis, with an incidence of 2-4 times higher than that in
ype 2 diabetes is a rising problem and a the non-diabetic population [3]. Adhesion and plaque for-
significant risk factor for small and large mation in the arteries causes endothelial dysfunction. There
vessel disease [1]. Currently, inflammato- are several reports on the role of systemic inflammation in
ry processes play a key role in all compli- the development of atherosclerosis. In these patients, the
cations of diabetes. It has now been shown that inflamma- expression and plasma concentration of inflammatory fac-
tion is not limited to the host’s pathogen control but occurs tors and their mediators increase [4]. Data from analysis of
rodent and human atherosclerotic plaques have shown that
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interleukin (IL)-1p and IL-18, both are NLRP3 inflamma-
some activation products, play a vital role in the initiation
and progression of atherosclerosis. Deficiency of IL-1 or
IL-18 and delivery of the antagonist to the IL-1f receptor
reduces the amount of atherosclerotic lesion [5].

Pyroptosis is a pre-inflammatory form of regulated cell
death. It is dependent on the enzymatic activity of inflam-
matory proteases belonging to the family of cysteine-de-
pendent aspartate-directed proteases (caspases). Pyroptosis
is morphologically, mechanically, and pathophysiologically
distinct from other cell death forms, apoptosis, and necro-
sis. It is characterized by rapid rupture of the plasma mem-
brane, resulting in the release of intracellular contents and
proinflammatory mediators, including IL-1f, IL-18, and
HMGBI. Recent studies have shown that pyroptosis may
be involved in atherosclerosis and play an essential role in
the instability of atherosclerotic lesions [6]. HMGBI, one
of the higher members of the HMG protein family, was
initially considered an essential mediator for maintaining
chromosome structure and stability in various cells, includ-
ing eukaryotic cells [7]. As a proinflammatory cytokine, the
extracellular transmission of HMGB1 during inflammatory
responses significantly increases serum levels in patients
with inflammatory disorders [8]. Diabetes mellitus is also
associated with inflammatory dysfunction, and HMGBI
has been reported to be associated with diabetes mellitus or
high glucose conditions [9, 10]. HMGBI levels increase in
vitreous fluid and extraretinal membranes of diabetic reti-
nopathy [7].

Studies have shown that exercise positively affects meta-
bolic parameters such as insulin sensitivity, lipid profile,
and endothelial function [11, 12]. These metabolic param-
eters and endothelial dysfunction are useful in developing
coronary artery disease and stroke [13]. Exercise plays an
essential role in controlling inflammatory diseases such
as diabetes by reducing the secretion of inflammatory cy-
tokines and increasing the secretion of anti-inflammatory
cytokines [14]. Aerobic exercise reduces HMGBI levels
in the blood and tissue of diabetic rats [15] and blocks the
middle cerebral artery in an experimental model of rats
[16]. However, finding the exact mechanisms of aerobic
exercise effects on HMGBI1 gene expression and related
mechanisms requires further studies in diabetic patients.
Therefore, this study aimed to investigate the impact of 6
weeks of aerobic exercise on the expression of the HMGB1
gene in the aortic tissue of healthy and diabetic rats.
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2. Materials and Methods

This experimental study was performed on 40 male Wistar
rats aged 8 weeks with a MeantSD of weight of 200+20 g.
They were prepared from the Physiology Research Cen-
ter in Ahvaz, Iran. They were randomly divided into four
groups: healthy-control, diabetic-control, healthy-exercise,
and diabetic-exercise. They were kept in the Animal Labo-
ratory of the Physiology Department of Ahvaz University
of Medical Sciences under controlled conditions: 12:12
light-dark cycle (light on at 6 AM, light off at 6 PM), a tem-
perature of 22°C+3°C, and humidity of about 45%. Three
to five rats were kept in Plexiglas cages with mesh doors
and a dimension of 25%27x43 cm such that they had free
access to water and food. All experiments on rats were per-
formed according to the guidelines of the Animal Ethics
Committee of Ahvaz Jundishapur University of Medical
Sciences. Throughout the study, the rats were moved and
manipulated only by one person.

To induce type 2 diabetes, the rats were first injected in-
traperitoneally with nicotinamide 120 (mg/kg). Fifteen
minutes later, 60 mg/kg streptozotocin (STZ) dissolved in
normal 0.1 M citrate buffer was injected intraperitoneally.
Then, to ensure that the animal had become diabetic, the
amount of blood glucose was assessed 72 h after STZ in-
jection using a glucometer. Rats with a fasting blood sugar
greater than 250 mg/dL were considered diabetic [17]. Due
to the risk of STZ-induced hypoglycemia, the rats received
10% glucose solution 6 h after STZ administration until 24
h later [18].

One week after the induction of diabetes, the rats in the
exercise groups performed exercise on a treadmill for 6
weeks, 5 days a week. Before starting the main exercise and
for familiarization, the rats started running on the treadmill
for 10-15 min at a speed of 5-7 m/min and zero inclines
for two consecutive days. Two days after familiarization,
the main exercise began, and the rats run on the treadmill
for 6 weeks. The exercise in the first week was performed
at a speed of 10 m/min for 10 minutes. In the next few
weeks, the speed and duration of running on the treadmill
increased: 10 m/min for 20 minutes in the second week, 14-
15 m/min for 20 minutes in the third week, 14-15 m/min for
30 minutes in the fourth week, and 18 m/min for 30 minutes
in the fifth and sixth weeks (Table 1) [19].
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For molecular studies of the gene expression level, RNA
was extracted from tissues in all study groups using an
RNA kit (QIAGEN, Germany) according to the manufac-
turer’s instruction. First, 200-300 Landa Kiazol QIAzol was
added to the tissue and kept at -80°C for 24 h. After 24 h,
the cryotube’s plaque was crushed in a semi-frozen state by
a sampler and was then slightly pipetted. About 100 Landa
chloroforms were then added to the sample to lys the cells.
This solution should be in contact with the cells for about
1 minute. After 1 minute, the solution was centrifuged at
12,000 rpm for 10 minutes (Hettich, Germany). After cen-
trifugation, the solution was divided into three parts: 1) up-
per part of the tube, which was clear and contained RNA, 2)
middle part of the tube, which was white and included the
tissue cell lysis, and 3) lower part of the tube was pink that
contained QIAzol.

The clear liquid at the top of the tube containing the
RNA was gently removed and placed in a DEPC-treated
microtube. | CC of isopropanol was then poured onto clear
RNA and stirred by hand for 1 minute. Isopropranol is clear
and RNA is clear, but when the two are mixed together,
they form a turbid liquid. It is better to put the obtained so-
lution at -80 degrees overnight. After adding isopropanol,
the samples were centrifuged at 12000 rpm for 10 min. Af-
ter removing the centrifuge, the supernatant was drained,
and 1 mL of 70% alcohol was added. After vortexing, the
mixture was centrifuged at 7500 rpm for 10 min. The super-
natant was then drained with a sampler, and then the plaque
was dried inside the microtube. To dissolve RNA, 20 Landa
of 60°C distilled water was poured on the plate inside the
microtube. It was then pipetted slightly with a sampler and
placed on a 60°C plate for 5 minutes. The extracted RNA
was maintained at -80°C until further use.

After extracting RNA with high purity and concentra-
tion from all studied samples, cDNA synthesis steps were
performed using a cDNA synthesis kit (Fermentas, USA)
according to the manufacturer’s instructions. Then, the
synthesized cDNA was used for reverse transcription reac-
tion. First, all designed primers related to all genes were
examined, and then gene expression was analyzed using
the quantitative real-time polymerase chain reaction (q-RT
PCR) method.

Primers were prepared in lyophilized form. To make the
primers, a specific volume of sterile distilled water was add-
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ed to each tube containing the lyophilized primer (based on
information about each primer). This solution was placed as
a stock at -20°C. To perform each test, the following materi-
als with the mentioned concentrations were poured into the
48-well containers and mixed: 10 uL SYBER Green + Mas-
ter Mix (ABI, USA), 10 pmol (0.5 mL) forward primer,
10 pmol (0.5 mL) reverse primer, | pL ¢cDNA, and 8 pL
DEPC-treated water. The samples were kept on ice until
transfer to the device.

As mentioned above, the g-RT PCR method (ABI Ste-
pOne, Applied Biosystems) was used for measuring gene
expression. For this purpose, using QIAzol solution, the
RNA of all cells was extracted according to the CinnaGen
protocol and exposed to DNase I (Fermentas, USA) to en-
sure infection with genomic DNA. Then the quality of ex-
tracted RNAs was evaluated by a spectrophotometer (DPI-
1, QIAGEN, Germany). To prepare cDNA, a single-strand
Oligo (dt) primer (MWG-Biotech, Germany) and reverse
transcription enzyme (Fermentas, USA) were used accord-
ing to the related protocol. Each PCR was performed us-
ing PCR Master Mix (Applied Biosystems), SYBR Green
(ABI StepOne, Applied Biosystems), and Sequences De-
tection Systems (Foster City, CA, USA) according to the
manufacturers’ protocol. Forty cycles were considered for
each ¢-RT PCR cycle, and the temperature of each cycle
was set as 94°C for 20 seconds, 58°C -60°C for 30 seconds,
and 72°C for 30 seconds. The melting diagram was plotted
to evaluate the accuracy of PCRs and was evaluated spe-
cifically with a negative control diagram for each gene to
check for contamination in each reaction.

Descriptive statistics (frequency, mean, and standard de-
viation) were used for describing data. The Kolmogorov-
Smirnov (KS) test was used to determine the normality of
data distribution, and Levene’s test measured the equality
of variances. The one-way ANOVA and Tukey post hoc test
was used to determine the significant differences between
variables and their interaction. Findings were evaluated at
a 95% confidence level (P<0.05). All statistical analyses
were performed in SPSS V. 21.

3. Results

The mean and standard deviation of HMGBI levels in dif-
ferent study groups are presented in Table 3. The results
showed that the highest levels of HMGBI1 belonged to the
diabetic-control group and the lowest levels to the healthy-
exercise group. Since the KS results (Table 3) and Lev-

Hassanpour Soleimani S, et al. Effect of a 6-week Aerobic Exercise Program on High-mobility Group Box 1 Gene Expression in Aortic Tissue of Diabetic Rat. The Horizon of Medical Sciences. 2021; 26(4):82-97.
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Table 1. Aerobic exercise protocol
Week Duration (min) Speed (m/min)
1 10
10
2 20
3 20
14-15
4 30
5 30
18
6 30
uarterly of
he Horizon of Medical Sciences
Table 2. List of primers sequences
Gene Sequence
r-Hmgb1-f TGAAATGTAGGGCTGTGTAAGA
r-Hmgb1-r TGTACTAGGCAAGGTTAGTGG
uarterly of
he Horizon of Medical Sciences
Table 3. The mean and standard deviation of HMGBI1 levels in different study groups
Group Diabetic-control P* Diabetic-exercise p* Healthy-exercise P* Healthy- control P*
Mean 0.401 0.147 0.049 0.114
0.802 0.386 0.139 0.551
Standard deviation 0.103 0.037 0.013 0.029
uarterly of
* The Shapiro-Wilk test. he Horizon of Medical Sciences
Table 4. Results of 1-way ANOVA for comparison of study groups in terms of HMGBI level
Source Sum of Squares df Mean Square F Sig.
Between-group 0.216 3 0.072 22.053 0.000
Within-group 0.026 8 0.003
Total 0.242 11
uarterly of
he Horizon of Medical Sciences

ene’s test (P=0.106) indicated normal data distribution and
equality of variances, respectively, so the test conditions
were established. The results of 1-way ANOVA (Table
4) indicated a significant difference in HMGBI levels be-
tween different study groups (F=22.053, P=0.000). Overall,
induction of diabetes caused a significant increase in aortic
tissue’s HMGBI1 gene level, and then aerobic exercise sig-
nificantly reduced its level. However, it was still far from the

gene expression level of healthy rats. Aerobic exercise also
reduced the expression of the HMGBI1 gene in healthy rats.

The mean and standard deviation of blood glucose levels
in the study groups are shown in Table 5. Tukey post hoc
test was used to examine which groups differed from each
other (Table 6). There was a significant difference between
the mean blood glucose level between diabetic-control,
healthy-exercise, and diabetic-exercise, such that the mean

Hassanpour Soleimani S, et al. Effect of a 6-week Aerobic Exercise Program on High-mobility Group Box 1 Gene Expression in Aortic Tissue of Diabetic Rat. The Horizon of Medical Sciences. 2021; 26(4):82-97.
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Table 5. The Mean+SD of blood glucose levels in different study groups

Blood Glucose (mg/dL)

Group
N Mean+SD
Healthy-control 10 110.11+4.64
Healthy-exercise 10 93.2545.32
Diabetic-control 10 271.81+23.52
Diabetic-exercise 10 187.13+14.83
uarterly of
he Horizon of Medical Sciences
Table 6. Tukey Post Hoc Test results
Dependent variable Group | Group J Mean difference (I-J) Standard error Sig.
Diabetic-control -161.700 5.364 0.000
Heathy contorol Healthy-exercise 16.860 5.364 0.031
Blood glucose level Diabetic-exercise -77.020 5.364 0.000
Heathy exercise Diabetic-exercise -93.880 5.364 0.000
Diabetic contorol Diabetic-exercise 84.680 5.364 0.000
uarterly of
he Horizon of Medical Sciences

blood glucose of the healthy-control group was higher than
that of the healthy-exercise group and lower than that of
diabetic-control and diabetic-exercise groups. There was
also a significant difference in mean blood glucose level
between the healthy-exercise and the diabetic-exercise
groups, where it was lower in the healthy-exercise group.
Furthermore, there was also a significant difference in the
mean blood glucose level between the diabetic-control and
diabetic-exercise groups, where it was higher in the diabet-
ic-control group.

4. Discussion

In this study, induction of diabetes led to a significant in-
crease in the expression level of the HMGBI1 gene in the
aortic tissue of rats. Then aerobic exercise significantly re-
duced its level. Aerobic exercise also reduced the gene ex-
pression in healthy rats. HMGB is involved in many phys-
iological and pathological processes, such as DNA repair,
transcription, and extracellular signal transduction [15]. In
normal tissues, most cells express none or only low levels
of HMGBI [20]. Transfer of HMGBI from the nucleus
to the cytoplasm and further out of the cell occurs only
in pathological conditions (ischemia, trauma, hyperglyce-
mia, etc.) [21]. High blood sugar causes oxidative stress,

which leads to the activation of NF-«B (nuclear factor
kappa-light-chain-enhancer of activated B cells) and thus
increases the level of proinflammatory cytokines. A study
has shown an increase in serum levels of TNF-a (tumor
necrosis factor-alpha) and C-reactive protein due to diabe-
tes induction [22]. Studies have shown a significant rise in
HMGBI by glucose, which is associated with the upregula-
tion of proinflammatory cytokines by activating the NF-xB
signaling pathways, and HMGB inhibition strategy reduc-
es proinflammatory cytokines in response to high glucose
by inhibiting the NF-kB signaling pathways. This issue
indicates the regulatory role of HMGBI in inflammatory
responses in diabetic patients [9]. Increased blood glucose
leads to increased expression of HMGB1 and TNF-a genes
[23]. Studies have shown that proinflammatory cytokines
such as TNF-a impair insulin signaling in insulin-sensitive
tissues. Elevated systemic levels of the anti-inflammatory
cytokine IL-10 have been reported to protect skeletal mus-
cle from the secretion of diabetes-associated macrophages,
increased inflammatory cytokine TNF-a, and the adverse
effects of these cytokines on insulin signaling and glucose
metabolism, and therefore associated with increased insu-
lin sensitivity [24]. Exercise stimulates the production of
anti-inflammatory cytokines such as IL-10 and reduces the
production of proinflammatory cytokines such as TNF-a,

Hassanpour Soleimani S, et al. Effect of a 6-week Aerobic Exercise Program on High-mobility Group Box 1 Gene Expression in Aortic Tissue of Diabetic Rat. The Horizon of Medical Sciences. 2021; 26(4):82-97.
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Diabetic-control ~ Diabetic-exercise Healthy-exercise ~ Healthy-control

Groups

Figure 1. Comparison of mean HMGBI levels in different study groups
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# Significant difference compared to the diabetic-control; * Significant difference compared to the healthy-control.

thus playing an essential role in controlling diabetes. Stud-
ies have suggested that exercise may indirectly increase IL-
10 affecting the secretion of other inflammatory and anti-
inflammatory cytokines, such as IL-16 [25].

Yu et al. indicated the role of HMGBI protein in the de-
velopment of diabetic retinopathy [23]. HMGBI is a highly
conserved protein. It has been reported that multiple patho-
logical stimuli, in addition to necrosis, may cause HMGBI
to leave the cell. Related studies have shown that HMGBI
can not only enhance the inflammatory response but can
also stimulate the formation of new blood vessels [26]. In
the study byYu et al. [23], the expression of the HMGBI
gene was significantly higher in diabetic rats than in controls.
They showed that HMGB1 was 6.1 times more expressed in
the retinal cells of diabetic rats. This suggests that long-term
hyperglycemia may stimulate HMGB1 gene expression and
that HMGB1 may contribute to diabetic retinopathy in rats.
Some studies have shown that HMGB1 and ROS are more
expressed in the retina under acute ischemia-reperfusion in-
jury [27, 28]. Volz found that, although HMGBI in rats with
diabetic retinopathy changed later compared to other inflam-
matory factors such as VEGF, it had a longer shelf life [29].
This suggests that the HMGBI protein may be involved in
the later stages of diabetic retinopathy. It was recommended
that HMGBI might be involved in inflammation and new
vascular formation in diabetic retinopathy through binding to
advanced glycation end products (RAGE) and TLR2 recep-
tors [28, 30]. HMGBI1 may be involved in diabetes through
receptor binding, and HMGBI content is directly related to
retinal cell apoptosis. Diagnosis of HMGBI levels and its
treatment in clinics can help predict and treat the complica-
tions of diabetes. In the present study, the induction of dia-
betes significantly increased the expression of the HMGBI

gene in aortic tissue, which may lead to endothelial dysfunc-
tion in rats.

On the other hand, regular aerobic exercise led to a signifi-
cant reduction in the HMGBI gene. In line with our study,
Pan et al. showed that exercise on a treadmill reduced the
transfer of HMGBI to the cytoplasm. HMGBI1 showed a
positive feedback loop, causing autophagy [15]. OGD ac-
tivates autophagy in PC12 cells and recombinant HMGBI
(tHMGB1) increases the binding of HMGBI1 to Beclinl,
thereby increasing LC3 expression and increasing the au-
tophagy flux. Studies have shown that exercise reduces
gene expression Cytokine IL-1p [31]. Previous studies have
also shown that treadmill exercise affects serum HMGBI
level [16]. This finding indicates another mechanism that
treadmill exercise regulates HMGBI1 expression. Recently,
HMGBI, as an essential proinflammatory factor in patho-
logical conditions, has been studied in animal models and
clinical settings [32]. Extracellular HMGBI1 recognizes re-
ceptors such as RAGE and TLR2/4, and further activates the
NF-kB signaling pathway, and promotes inflammatory re-
sponses [33]. Studies have shown that exercise reduces gene
expression Cytokine IL-1p. Hence, it is possible that exercise
decreases the inflammatory response through HMGBI and
exerts its protective effect [16, 34].Pan et al. reported that
aerobic exercise reduces cardiac tissue HMGBI protein in
diabetic patients [15], and Gialoria et al. reported a decrease
in this gene in patients with myocardial infarction [35]. Heat
shock proteins (HSPs) increase after exercise.

On the other hand, they are effective in reducing the ex-
pression of HMGB1 and the cytoplasmic transmission and
secretion of HMGBI [36]. Therefore, one of the possible
mechanisms of HMGBI reduction in the aortic tissue of
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diabetic rats following aerobic exercise can be an increase
in the HSP level. Despite reduced HMGBI1 gene expres-
sion in the aortic tissue of diabetic rats by aerobic exercise,
the gene level was still far from the level in healthy rats.
Therefore, it is suggested that in future studies, while in-
creasing the study period, the use of other effective non-
pharmacological interventions, including the use of herbal
supplements, be useful in further reducing this gene level in
the healthy rats.

5. Conclusion

Six weeks of aerobic exercise reduced HMGB1 gene
expression in the aortic tissue of diabetic rats. Therefore,
aerobic exercise can be an effective non-pharmacological
method to improve inflammation caused by diabetes and
prevent vascular disorders. A definite statement requires
further studies in this field.
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