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Abstract Alizadeh pahlavani

: Cardiovascular diseases in patients with diabetes, particularly
through endoplasmic reticulum (ER) stress, are leading causes of mortality
worldwide. High-Intensity Interval Training (HIIT) has been proposed as a non-
pharmacological intervention to prevent diabetes-induced cardiac apoptosis. This
study aims to investigate the effects of HIIT on the expression of ATF6, JNK1, and
mTOR proteins in the left ventricle of the hearts of rats with type 2 diabetes.

: This study was conducted on 12 male Sprague-Dawley
rats, aged 2 months, with an average weight of 180 + 20 grams. Type 2 diabetes was
induced through the administration of nicotinamide and streptozotocin. The rats
were randomly assigned to either the HIIT group or the diabetic control group. The
HIIT program comprised five intervals of 4 minutes at an intensity of 85-95% of
maximum speed, interspersed with 3-minute active rest periods at 50-60% of
maximum speed. Data was analyzed using independent t-tests in SPSS software
version 29, with a significance level of P <0.05.

: Data analysis revealed that the protein content of ATF6 and JNK1
significantly increased after 8 weeks of HIIT compared to the control group, while
mTOR protein levels exhibited a significant decrease.

: The HIIT protocol appears beneficial for cardiac health in patients with
type 2 diabetes due to its capacity to reduce ER stress.
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The Effect of HIIT on the Heart of Rats with Type 2 Diabetes

Introduction

Cardiovascular diseases linked to diabetes,
particularly through endoplasmic reticulum (ER)
stress, are among the leading causes of death
globally. The relationship between diabetes and
heart health is complex, involving metabolic
dysregulation, inflammation, and cellular stress
responses. The ER plays an important role in protein
synthesis,  folding, and  post-translational
modifications. Under normal  physiological
conditions, the ER maintains cellular homeostasis
through proper protein folding. However, various
stressors, including hyperglycemia, hypoxia,
starvation, infection, oxidative stress, and
inflammation, can disrupt this balance, leading to
ER stress and subsequent reticulophagy.
Reticulophagy is the process by which components
within the ER are sequestered to synthesize proteins
for the plasma membrane and extracellular matrix.
In type 2 diabetes mellitus (T2DM), chronic
hyperglycemia can induce ER stress in cardiac cells,
contributing to reticulophagy and cardiac
dysfunction. Furthermore, ER stress is implicated in
various pathophysiological conditions, including
neurodegenerative diseases, tumorigenesis, fatty
liver disease, cardiovascular diseases, diabetes, and
cellular longevity.

Research indicates that reticulophagy-related
proteins such as mTOR, JNK1, and ATF6 play
significant roles in the pathogenesis of diabetic heart
damage. mTOR, a serine/threonine kinase, regulates
cell growth, proliferation, and survival. Under
cellular stress conditions, such as diabetes, mMTOR
activation can lead to apoptosis. Conversely,
inhibition of MTOR with pharmacological agents
like rapamycin and orthogliflozin can prevent
diabetes-related cardiac cell death. INK1, part of the
mitogen-activated protein kinase (MAPK) pathway,
is activated in response to various stress signals,
including ER stress. Increased JNK1 activation in
T2DM may contribute to cardiomyocyte apoptosis
and further compromise cardiac function. ATF6 is
activated in response to the accumulation of
misfolded proteins in the ER and serves as a key
regulator of the unfolded protein response (UPR).
Upon activation, ATF6 translocates to the nucleus
to promote the expression of chaperone proteins,
enhancing protein folding and degradation of
unfolded proteins. Dysregulation of ATF6 activity
in T2DM may exacerbate cardiac dysfunction by
disrupting the balance between cell survival and
death. In contrast, HIIT has been proposed as a non-
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pharmacological intervention to prevent diabetes-
induced cardiac apoptosis. Therefore, this study
aims to investigate the effects of HIIT on the content
of ATF6, JNK1, and mTOR proteins in the left
ventricle of the heart of rats with type 2 diabetes.

Methodology

This study utilized a sample of 12 male Sprague-
Dawley rats, aged 2 months, with an average weight
of 180 = 20 grams. Type 2 diabetes was induced
through the administration of nicotinamide and
streptozotocin. The rats were randomly divided into
an HIIT group and a diabetic control group. The HIIT
protocol consisted of five intervals of 4 minutes at an
intensity of 85-95% of maximum speed and 3-minute
active rest periods with an intensity equal to 50-60%
of maximum speed. Two days after the final training
session, the rats were anesthetized via intraperitoneal
injection of a combination of ketamine (30-50 mg/kg
body weight) and xylazine (3-5 mg/kg body weight).
Then, the left ventricle tissue was removed, washed
in physiological saline, and immediately frozen in
liquid nitrogen. The tissue samples were
subsequently stored at -80°C for further analysis. The
Western blot method was employed to quantify
ATF6, JNK1, and mTOR in the left ventricular tissue.
Data were analyzed using one-way ANOVA and
Tukey's post hoc tests in SPSS version 29 and
GraphPad Prism version 2.10.3, with a significance
level of P <0.05.

Results

Data analysis indicated that ATF6 and JNK1
protein content significantly increased after 8
weeks of HIIT compared to the control group,
while mTOR protein levels exhibited a
significant decrease.

Discussion

The notable increase in ATF6 protein content
following 8 weeks of HIIT is particularly
significant, as ATF6 plays a crucial role in the
ER stress response and regulates the expression
of genes involved in protein folding and
degradation. Research has demonstrated that
ATF6 deficiency can increase reactive oxygen
species and necrotic cell death in cardiac
myocytes subjected to ischemia and reperfusion,
which are mitigated by ATF6 overexpression.
ATF6 has also been shown to enhance catalase
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promoter activity in cardiac myocytes, thereby
reducing ER stress and oxidative stress, and
supporting mechanisms that diminish ischemic
injury and myocardial reperfusion damage.

Similarly, the significant increase in JNK1
protein content after HIIT emphasizes its role in
cardiac adaptation. JNK1, part of the MAPK
signaling pathway, is activated in response to
various stressors, including inflammation and
oxidative stress. The increase in JNK1 following
HIIT may reflect a temporary rise in
inflammation and oxidative stress due to the lack
of adaptation. Although JNKs, as stress-induced
kinases, have been linked to cardiometabolic
syndrome, increased JNK1 following HIIT may
indicate a potential protective role, promoting
cell survival and mediating inflammatory
responses. Evidence suggests that inflammation
involving NF-kB complexes and the JNK1/c-Jun
pathway is reduced following HIIT intervention.

In contrast, the significant decrease in mTOR
protein content after 8 weeks of HIIT suggests
adaptive mechanisms in response to exercise.
mTOR is a central regulator of cell growth and
metabolism that is often activated in response to
nutrients and growth factors. Its reduction post-
HIIT, particularly in diabetic rats, may indicate a
shift from growth-promoting signals to a more
protective and survival-oriented mode.

Research has shown that excessive mTOR
activity in diabetic conditions is associated with
adverse cardiac remodeling and dysfunction,
while short-term treatment with rapamycin, an
mTOR inhibitor, has shown promise in
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managing cardiac diseases such as acute
myocardial infarction and cardiac hypertrophy in
type 2 diabetes. Furthermore, mTOR signaling
has been reported to interfere with oxidative
stress in the diabetic heart. Therefore, the
reduction in mTOR levels observed in this study
may represent a compensatory mechanism aimed
at preventing the detrimental effects associated
with excessive mTOR signaling in diabetes.

Conclusion

The findings indicate that while ATF6 and JNK1
levels increased, suggesting a protective response,
MTOR levels decreased, indicating a transition from
growth to survival mechanisms. This dichotomy
suggests that exercise can reprogram signaling
pathways in diabetic hearts, favoring protective
mechanisms over growth-promoting pathways.
Consequently, the HIIT protocol may be
recommended for individuals with type 2 diabetes
due to its potential to reduce ER stress.
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