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Abstract

Aim: Excessive autophagy, together with inflammation, is a key pathological feature
contributing to cardiac dysfunction in type 2 diabetes (T2D). This study aimed to investigate the
effects of high-intensity interval training (HIIT) with vitamin D3 supplementation on
inflammation and autophagy in heart tissue of T2D-induced rats. Methods: Forty male Wistar
rats were induced to T2D through a combination of high-fat diet and low-dose streptozotocin
(STZ) injection. After the induction of T2D, the animals were divided into four groups (N=8):
Normal control, diabetes control, diabetes + HIIT, diabetes + vitamin D3 and diabetes + HIIT
and vitamin D3. The HIIT protocol was performed for eight weeks, 3 sessions per week, with
an intensity of 90-85% of maximum running speed through treadmill running. Vitamin D3 (0.25  Scan this QR code to see the
mg.kg!) was injected weekly. At the end of the intervention period, heart tissue was evaluated accompanying video, or visit

for the content of autophagy marker ULK-1, inflammatory markers NF-kB and interleukin-6  jahssp.azaruniv.ac.ir

(IL-6), and serum glucose levels and insulin resistance index. Results: The results showed that

T2D significantly increases the levels of ULK-1, NF-kB and IL-6 in heart tissue, which indicates 1
excessive autophagy and inflammation (P=0.001). However, eight weeks of HIIT, with or '
without vitamin D3 supplementation, significantly reduced these markers (P=0.001). Notably,

the combination of HIIT and vitamin D3 injection showed the greatest reduction in autophagy
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and inflammation markers. Also, these interventions improved serum glucose levels and insulin University of  Kurdistan,
resistance (P=0.001). Conclusions: A combination of HIIT and vitamin D3 injection effectively Sanandaj, Iran.
reduces inflammation and excessive autophagy in cardiac tissue of T2D rats and suggests a *(corresponding author)

potential therapeutic strategy to prevent cardiovascular complications in T2D patients. (r.rahimi@uok.ac.ir )
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Extended abstract

Background

Type 2 diabetes mellitus (T2DM) is closely associated with increased inflammation and cellular stress, particularly in
cardiac tissue, where excessive autophagy may contribute to heart dysfunction. Autophagy, a key cellular process that
maintains homeostasis by degrading and recycling cellular components, becomes dysregulated in the diabetic state,
leading to excessive degradation and inflammation. As a result, markers such as ULK-1, which are associated with
autophagy pathways, are elevated, contributing to tissue damage in the diabetic heart. Therapeutic approaches aimed at
reducing excessive autophagy and controlling inflammation are of increasing interest for improving cardiac health in
T2DM.

This study aims to evaluate the effects of high-intensity interval training (HIIT) combined with vitamin D3
supplementation on autophagy-related inflammation in the cardiac tissue of type 2 diabetic rats. By targeting key signaling
proteins and inflammation markers, this research explores whether these interventions can potentially restore balance in
autophagic processes, thereby improving cardiac health.

Materials and Methods

This experimental study involved 32 male Wistar rats. Type 2 diabetes was induced through a six-week high-fat diet
(HFD) followed by a single subcutaneous injection of streptozotocin (STZ) at 35 mg/kg.

Experimental design

Rats with fasting blood glucose levels above 300 mg/dL were classified as diabetic and were randomly assigned to one
of four groups: (1) Normal Control (NC), (2) diabetic control (DC), (3) diabetes + HIIT training (D+HIIT), (4) diabetes
+ vitamin D3 (DVD3), and (5) diabetes + HIIT + vitamin D3 (DTVD3).

HIIT Protocol and Vitamin D3 Supplementation:

HIIT was conducted five times weekly for eight weeks, with training intensity set at 85-95% of the rats’ maximum running
speed, calculated as the velocity corresponding to 85-90% of Vmax. In parallel, rats in the DV and DTV groups received
weekly subcutaneous injections of vitamin D3 (10000 IU/kg) prepared by diluting 10,000 IU/kg extracted from a 300,000
IU/kg ampoule with 5 cc of sesame oil.

Sample Collection and Analysis

Twenty-four hours after the last intervention, rats were anesthetized, and left ventricle tissue samples were collected and
homogenized for analysis. Proteins were separated via SDS-PAGE and transferred to PVDF membranes for
immunoblotting. Primary antibodies against ULK-1, NF-kb and IL-6 were used to assess autophagy and inflammation
markers. Serum glucose and insulin levels were measured to assess glycemic status, and plasma was analyzed for lipid
and vitamin D3 levels.

Statistical analysis

Data were analyzed using descriptive statistics, including mean, standard deviation, and mean percentage change. A
Shapiro-Wilk test assessed normality, and one-way ANOVA with Bonferroni’s post hoc test identified significant
differences between groups. Statistical significance was set at P<0.05.

Results

Blood Glucose, Insulin, and Lipid Profiles

The induction of diabetes resulted in a significant increase in fasting glucose and insulin levels in the DC group. HIIT
training and vitamin D3 supplementation led to a significant reduction in these levels, with the DTV group showing the
most pronounced effects. The combined intervention group also displayed improved lipid profiles, with reduced serum
cholesterol and triglyceride levels compared to the DC and single-intervention groups.

Cardiac Autophagy and Inflammatory Markers

The DC group exhibited elevated levels of autophagy markers ULK-1 in the left ventricle, indicating excessive
autophagy and associated inflammation in diabetic heart tissue (P<0.05). These increases in autophagy markers suggest
an upregulation of cellular degradation processes that may lead to compromised cardiac function due to chronic
inflammation which was identified through high levels of IL-6 and NF-kb (P<0.05).
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Rats in the D+HIIT and D+VD3 groups exhibited moderate reductions in ULK-1, IL-6 and NF-kb levels (P<0.05).
However, the DTV group demonstrated the most substantial decrease in these autophagy markers, indicating that
combining HIIT with vitamin D3 supplementation has a synergistic effect in reducing excessive autophagy (P<0.05).

Time to Fatigue Indicators

This study demonstrates that HIIT combined with vitamin D3 injection can significantly mitigate autophagy-related
inflammation in the cardiac tissue of type 2 diabetic rats. The interventions notably reduce levels of Beclin-1, Fyco-1,
and cathepsin D, markers of excessive autophagy, while upregulating mTOR signaling, which helps control autophagic
processes. These changes correspond with improvements in glycemic control, and cardiac function indicators, such as
time to fatigue (TTE), suggesting enhanced resilience of cardiac tissue under diabetic conditions. The findings indicate
that combining HIIT with vitamin D3 may offer a promising approach for managing cardiac health in individuals with
T2DM by addressing underlying autophagy dysregulation and reducing inflammatory damage in heart tissue.

Discussion

In summary, the study’s findings highlight that both HIIT and vitamin D3 independently reduce autophagy-related
inflammation in the cardiac tissue of diabetic rats, but the combination of both interventions produces the most significant
results. By modulating autophagy markers, the combined treatment appears to offer improved outcomes in glycemic
control and cardiac function.

This study demonstrates that HIIT combined with vitamin D3 injection can significantly mitigate autophagy-related
inflammation in the cardiac tissue of type 2 diabetic rats. The interventions notably reduce levels of ULK-1, markers of
excessive autophagy, while down- regulation IL-6 and NF-kb signaling, which helps control autophagic processes. These
changes correspond with improvements in glycemic control, lipid profiles, and cardiac function indicators, such as time
to fatigue, suggesting enhanced resilience of cardiac tissue under diabetic conditions. The findings indicate that combining
HIIT with vitamin D3 may offer a promising approach for managing cardiac health in individuals with T2DM by
addressing underlying autophagy dysregulation and reducing inflammatory damage in heart tissue.

Article message

This study suggests that combining HIIT with vitamin D3 injection may effectively reduce excessive autophagy and
inflammation in the cardiac tissue of type 2 diabetic rats. By rebalancing autophagic processes through autophagy down-
regulation, this combined intervention appears to mitigate cellular damage, enhance cardiac endurance, and improve
overall cardiac health under diabetic conditions. These findings underscore the potential benefits of lifestyle and

nutritional interventions in managing heart complications associated with diabetes, offering a complementary strategy to
conventional diabetes treatments and highlighting a novel approach for reducing autophagy-induced inflammation in the
heart.
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