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ABSTRACT
Studies have shown that diabetes is recognized not only as
a metabolic disease but also as a vascular disease due to its effects on various vascular
beds. Therefore, this study aimed to investigate the effect of high-intensity interval
training (HIIT) on vascular tissue adropin and TNF-a gene expression and blood nitric
oxide levels in male diabetic rats.
Sixty adult male Wistar rats were randomly divided into 6 groups:
healthy control, healthy sham, interval training, interval training + saline, diabetic control,
and diabetic + interval training. To induce type 2 diabetes, nicotinamide and streptozotocin
injection was used. After diabetes induction, the rats in all 3 training groups participated in
an 8-week HIIT program, 5 sessions per week. Forty-eight hours after the last training
session, blood and tissue samples were collected to measure the target factors.
HIIT in the diabetes + exercise group significantly reduced glucose, insulin
resistance, and insulin levels; significantly increased serum nitric oxide levels;
significantly decreased TNF-a gene expression; and significantly increased adropin
ene expression compared to the diabetes group (P < 0.05).
m The results of this research showed that HIIT improves vascular function in
diabetic individuals by reducing inflammatory factors and increasing adropin. Therefore,
HIIT can be a suitable strategy for developing therapeutic approaches in diabetes.
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Introduction

ype 2 diabetes mellitus is one of the most

prevalent  chronic  metabolic  disorders

worldwide and is associated with severe

vascular complications. Beyond glucose

dysregulation, diabetes induces endothelial
dysfunction through chronic inflammation, oxidative stress,
and impaired nitric oxide (NO) bioavailability. Endothelial
dysfunction plays a pivotal role in the development of
cardiovascular complications in diabetic patients.

Among the molecules involved in vascular homeostasis,
adropin has recently emerged as an important peptide
regulating endothelial function, energy metabolism, and
insulin  sensitivity.  Reduced  circulating  adropin
concentrations have been consistently reported in
individuals with type 2 diabetes and are associated with
impaired vascular function and increased cardiovascular
risk. Conversely, tumor necrosis factor-alpha (TNF-a) is a
major pro-inflammatory cytokine that contributes to insulin
resistance, endothelial  dysfunction, and vascular
inflammation.

Exercise training, particularly high-intensity interval
training (HIIT), has gained considerable attention as a non-
pharmacological intervention that can improve metabolic
control and vascular health. Nevertheless, limited
information exists on the effects of HIIT on vascular adropin
gene expression and inflammatory mediators in diabetes.
Therefore, the present study investigated the effects of an
eight-week HIIT protocol on vascular adropin and TNF-a
gene expression, serum NO concentration, glucose
homeostasis, and insulin resistance in male diabetic rats.

Methods

This quasi-experimental study used sixty adult male Wistar
rats. Animals were randomly allocated to six experimental
groups: healthy control, healthy sham, interval training,
interval training plus saline, diabetic control, and diabetic
plus interval training.

Type 2 diabetes was induced by intraperitoneal
administration of nicotinamide followed by streptozotocin.
Diabetes induction was confirmed by measuring fasting
blood glucose concentrations. One week after diabetes
induction, rats assigned to the exercise groups completed an
eight-week HIIT protocol consisting of five sessions per
week. Exercise intensity progressively increased throughout
the intervention, with high-intensity intervals performed at
approximately 80-90% of maximal oxygen consumption
interspersed with low-intensity recovery periods.

Forty-eight hours after the final training session, blood and
vascular tissue samples were collected for biochemical and
molecular analyses. Serum glucose, insulin, insulin
resistance (HOMA-IR), and NO concentrations were
measured using standard biochemical assays. Total RNA
was extracted from vascular tissues, converted to
complementary DNA, and quantitative real-time polymerase
chain reaction was performed to determine adropin and
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TNF-a gene expression. Statistical analyses were conducted
using one-way analysis of variance followed by Tukey's post
hoc test, and statistical significance was accepted at P < 0.05.

Results

Induction of diabetes produced significant metabolic and
vascular disturbances. Diabetic animals exhibited markedly
elevated fasting blood glucose concentrations, serum insulin
levels, and insulin resistance compared with healthy control
animals. In addition, diabetes significantly reduced serum
NO concentration, indicating impaired endothelial function.
Molecular analyses further demonstrated that diabetes
significantly increased vascular TNF-a gene expression
while decreasing vascular adropin gene expression,
confirming an inflammatory, endothelial dysfunction
phenotype.

After eight weeks of HIIT, diabetic rats showed substantial
improvements. Exercise significantly reduced fasting blood
glucose, serum insulin concentration, and HOMA-IR
compared with diabetic controls, indicating improved
insulin sensitivity and glycemic regulation. Furthermore,
HIIT significantly increased serum NO concentration,
suggesting enhanced endothelial NO production and
improved vascular function.

At the molecular level, exercise markedly decreased
vascular TNF-a gene expression, reflecting attenuation of
vascular inflammation. Simultaneously, vascular adropin
gene expression increased significantly following HIIT,
suggesting  restoration  of  endothelial  regulatory
mechanisms. These adaptations collectively show that HIIT
simultaneously = modulates  inflammatory  pathways,
endothelial biomarkers, and metabolic function in diabetic
animals.

The findings also revealed that the beneficial effects of
exercise extended beyond glucose regulation. Improved NO
bioavailability, along with increased adropin expression and
reduced inflammatory cytokine expression, suggests
coordinated regulation of endothelial function by regular
high-intensity interval exercise.

Discussion

This study shows that eight weeks of HIIT effectively
mitigated several metabolic and vascular abnormalities
associated with type 2 diabetes. In addition to improving
glycemic control and insulin sensitivity, HIIT produced
favorable changes in endothelial function and inflammatory
status, suggesting that its protective effects extend beyond
glucose regulation alone.

Chronic hyperglycemia and insulin resistance are major
contributors to diabetes-associated endothelial dysfunction.
Persistent hyperglycemia promotes excessive reactive
oxygen species production, impairs endothelial nitric oxide
synthase (eNOS) activity, and reduces NO bioavailability,
ultimately leading to impaired vasodilation and vascular
dysfunction. The significant increase in serum NO after
HIIT indicates restored endothelial function and improved
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vascular homeostasis. Enhanced NO availability likely
improves endothelial-dependent vasodilation while limiting
oxidative stress and vascular injury.

The reduction in vascular TNF-a gene expression further
supports the HIIT's anti-inflammatory effects. TNF-« is a
key mediator of chronic inflammation in diabetes and
contributes to insulin resistance by disrupting intracellular
insulin signaling pathways. In addition, elevated TNF-«
suppresses eNOS activity, promotes oxidative stress, and
accelerates endothelial dysfunction. The attenuation of TNF-
a expression observed in the trained diabetic rats therefore
suggests that regular high-intensity exercise effectively
suppresses vascular inflammation, creating a more favorable
environment for endothelial recovery and metabolic
regulation.

One of the most notable findings was the significant
upregulation of vascular adropin gene expression following
HIIT. Adropin has recently been recognized as an important
regulator of endothelial integrity and metabolic homeostasis.
Previous clinical and experimental studies have reported
reduced circulating adropin concentrations in individuals
with type 2 diabetes and have demonstrated inverse
associations between adropin levels, arterial stiffness, and
cardiovascular risk. Our findings extend this evidence by
showing that HIT enhances adropin gene expression
directly within vascular tissue, suggesting that exercise-
induced vascular adaptations involve local molecular
regulation in addition to systemic metabolic improvements.

Increased adropin expression may contribute to vascular
protection through several complementary mechanisms.
Adropin has been shown to activate eNOS, increase NO
production, improve endothelial cell function, and suppress
inflammatory signaling. Furthermore, it has been associated
with improved glucose utilization, enhanced insulin
sensitivity, and better metabolic regulation. These
mechanisms are consistent with the simultaneous
improvements observed in NO bioavailability, inflammatory
status, glycemic control, and insulin resistance following the
training intervention.

Collectively, the present findings suggest that HIIT
induces an integrated physiological adaptation involving
metabolic, inflammatory, and endothelial pathways. Rather
than acting solely through improved glycemic control,
regular high-intensity exercise appears to simultaneously
regulate multiple molecular mechanisms implicated in
diabetes-related  vascular  injury. The concurrent
enhancement of adropin expression, suppression of TNF-q,
and restoration of NO bioavailability further supports the
idea that exercise exerts coordinated protective effects on
vascular health.

Although these findings provide crucial mechanistic
insights, several limitations warrant acknowledgment. The
study was conducted in an experimental animal model, and
therefore caution is warranted when extrapolating these
findings directly to humans. Moreover, only vascular gene
expression was evaluated, whereas corresponding protein
expression and intracellular signaling pathways were not
investigated. Future studies incorporating protein analyses,
mechanistic experiments, and clinical trials are warranted to
clarify the role of adropin-mediated signaling in exercise-
induced vascular protection.
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Conclusion

Eight weeks of HIIT effectively improved both metabolic
and vascular abnormalities in male rats with experimentally
induced type 2 diabetes. HIIT reduced fasting blood glucose,
circulating insulin concentration, and insulin resistance
while simultaneously increasing serum NO bioavailability.
In parallel, exercise downregulated vascular TNF-o gene
expression and upregulated vascular adropin gene
expression, indicating reduced inflammation and restored
endothelial function.

These findings suggest that adropin may represent an
important molecular mediator through which exercise exerts
its vascular protective effects. The concurrent improvements
in endothelial biomarkers, inflammatory status, and
metabolic regulation highlight the multifaceted benefits of
HIIT and support its potential as an effective non-
pharmacological strategy for reducing diabetes-associated
vascular complications.
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