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ABSTRACT

Objective: Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by
insulin resistance and hyperglycemia, often accompanied by dysregulation of lipid metabolism
and enhanced autophagic activity. This study examined the effects of high-intensity interval
training (HIIT) and moderate-intensity continuous training (MICT) on autophagy-related
proteins (Beclin-1, LC3-II, and PLIN-2) in visceral adipose tissue of diabetic rats.

Methodology: Male Wistar rats were divided into normal control (NC), diabetic control (DC),
diabetic+HIIT (D+HIIT), and diabetic+tMICT (D+MICT) groups. Diabetes was induced through
streptozotocin injection and high-fat diet. The exercise program was implemented over a period
of 8 weeks . Protein levels were measured by Western blot, and metabolic indices were assessed
using standard methods.

Results: Diabetes significantly increased Beclin-1, LC3-II, and PLIN-2 levels. Both HIIT and
MICT reduced these levels, with MICT showing stronger effects on Beclin-1 and LC3-II
reduction. Both exercise regimens also decreased blood glucose, insulin levels, and insulin
resistance.

Conclusion: Exercise training, particularly MICT, appears to play a protective role against
type 2 diabetes complications by downregulating autophagy proteins. These findings highlight
the importance of exercise interventions in diabetes management.
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Extended Abstract

Introduction and State of Problem
ype 2 diabetes mellitus (T2DM) is a prevalent metabolic disorder characterized
by insulin resistance and hyperglycemia, which is often associated with lipid
metabolism dysfunction and enhanced autophagy activity (1). Among affected
tissues, visceral adipose tissue (VAT) plays a key role in energy homeostasis
and inflammation. Dysregulation of autophagy “an essential cellular degradation
process” has been implicated in T2DM progression and related complications
(2). While both moderate-intensity continuous training (MICT) and high-intensity interval
training (HIIT) have shown potential to modulate cellular stress responses, limited evidence is
available on their comparative molecular impacts on autophagy pathways within VAT under
diabetic conditions (3).
This study aimed to investigate and compare the effects of eight weeks of HIIT and MICT on
key autophagy-related proteins—Beclin-1, LC3-II, and PLIN-2—in the VAT of diabetic Wistar
rats.

Methodology

This experimental study employed a post-test control group design involving 40 male Wistar
rats. Type 2 diabetes was induced using a high-fat diet (HFD) in combination with a low-dose
streptozotocin (STZ) injection. Animals were then randomly assigned to healthy control,
diabetic control, diabetictHIIT, and diabetic+tMICT groups. The training interventions were
conducted over eight weeks, five days per week. MICT consisted of continuous treadmill
running at 50-60% of the rats’ maximum running speed (RSM), while HIIT included repeated
high-intensity intervals at 85-90% RSM interspersed with recovery periods at 50-60% RSM .
Training volume between groups was matched using equivalent intensity-time calculations.
After the intervention period, VAT samples were collected and analyzed via Western blot to
measure the expression of autophagy-related proteins. Serum glucose, insulin, and HOMA-IR
were also measured. Data were analyzed using one-way ANOVA and Bonferroni post hoc tests
with a significance level of p<0.05.

Results

The results showed that diabetes significantly increased the expression of Beclin-1, LC3-II, and
PLIN-2 in visceral fat tissue, indicating heightened autophagic activity and lipid droplet
accumulation. Both HIIT and MICT significantly reduced the expression of these proteins
compared to the diabetic control group. MICT demonstrated a more pronounced effect in
reducing Beclin-1 and LC3-II, while the difference in PLIN-2 reduction between the two
exercise modalities was not statistically significant. Additionally, both exercise protocols
improved glycemic parameters including fasting glucose, insulin levels, and HOMA-IR.
However, HIIT led to greater weight loss than MICT, though their effects on insulin sensitivity
were similar.
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Discussion and Conclusion
This study highlights the potential of both HIT and MICT in modulating pathological
autophagy in the VAT of diabetic rats. Notably, MICT was more effective in downregulating
Beclin-1 and LC3-II, suggesting it may exert a more stable regulatory influence on autophagy-
related signaling pathways such as AMPK/mTOR. While HIIT proved more efficient in
reducing body weight, the consistent and moderate metabolic load induced by MICT might
offer a safer and more sustainable option for managing autophagy dysregulation in diabetic
conditions. These findings underscore the therapeutic potential of tailored exercise regimens in
improving cellular homeostasis and metabolic health in T2DM. Future research, particularly in
human models, is warranted to further elucidate the molecular mechanisms underlying these
observations and to establish clinical guidelines for exercise interventions in diabetes
management.

This study provides new insight by directly comparing the effects of two types of exercise training (HIIT
and MICT) on the regulation of hyperautophagy in visceral adipose tissue of diabetic mice. The findings
show that although both methods are effective, MICT has a stronger effect on reducing key markers of
autophagy (Beclin-1 and LC3-II). This conclusion is novel and paves the way for the design of targeted
exercise interventions to manage the cellular complications of type 2 diabetes.

Research Limitations/Implications
This study has several limitations. It focused solely on visceral adipose tissue, excluding other key
metabolic tissues like liver and skeletal muscle. The eight-week exercise intervention might be
insufficient to observe long-term molecular adaptations. As an animal model, the findings' applicability to
humans requires further investigation. The assessment was also limited, as other relevant markers such as
p62/SQSTMI and inflammatory cytokines (e.g., TNF-0, IL-6) were not evaluated. Finally, the precise
molecular mechanisms behind the differential effects of MICT and HIIT warrant further exploration at
the transcriptional and translational levels.
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Figure 1. Schematic illustration of the implementation of the research protocol.
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