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Extended Abstract

Introduction

Type 2 diabetes is one of the most prevalent metabolic disorders worldwide, characterized by elevated blood glucose
levels and insulin resistance, which significantly affect individual health. This chronic condition is associated with
multiple complications, including cardiovascular disease, renal impairment, neuropathy, and ocular disorders, and
imposes substantial economic and social burdens on healthcare systems. Conventional pharmacological treatments, such
as oral hypoglycemic agents and insulin therapy, are effective in controlling blood glucose levels; however, their long-
term use may lead to side effects, prompting researchers to explore complementary non-pharmacological interventions.
Regular physical activity is recognized as one of the most effective non-pharmacological approaches for managing type
2 diabetes. Exercise can improve insulin sensitivity, reduce blood glucose, and enhance metabolic function. In recent
years, high-intensity interval training (HIIT) has gained attention due to its time efficiency, cardiovascular benefits, and
positive impact on glycemic control. HIIT involves repeated short bouts of intense exercise interspersed with recovery
periods, and evidence suggests that it can significantly improve insulin sensitivity and overall metabolic health in diabetic
models. Alongside physical exercise, dietary supplementation with medicinal plants has shown promise in improving
metabolic outcomes. Nigella sativa, widely used in traditional medicine, contains active compounds such as
thymoquinone with antioxidant, anti-inflammatory, and antihyperglycemic properties. Previous studies indicate that
Nigella sativa may help reduce blood glucose levels, improve pancreatic beta-cell function, and modulate insulin
resistance. Despite the individual benefits of HIIT and Nigella sativa supplementation, limited research has examined
their combined effects on metabolic parameters such as glucose, insulin, and insulin resistance. Investigating their
synergistic potential in diabetic models may provide insights into more effective non-pharmacological strategies for
diabetes management. Therefore, this study aimed to evaluate the combined impact of HIIT and Nigella sativa
supplementation on serum glucose, insulin, and HOMA-IR in rats with type 2 diabetes. The results of this study could
help clarify the role of combined exercise and dietary interventions in improving metabolic health and provide a
foundation for developing complementary strategies to manage type 2 diabetes.

Methods

This semi-experimental study was conducted on 40 rats, which, after a one-week adaptation period, were randomly
assigned to five groups: healthy control, diabetic control, HIIT, supplementation, and HIIT + supplementation. Diabetes
was induced via intraperitoneal injection of streptozotocin at a dose of 50 mg/kg body weight. The exercise intervention
consisted of 8 weeks of high-intensity interval aerobic training. Nigella sativa extract was administered to the relevant
groups via gavage at a dose of 400 mg/kg body weight at the end of each training session. Data were analyzed using one-
way ANOVA to compare group means.

Results

The diabetic control group exhibited significantly higher serum glucose and HOMA-IR compared to the healthy control
group. Both HIIT and Nigella sativa supplementation individually reduced serum glucose, insulin, and HOMA-IR relative
to diabetic controls. Notably, the combination of HIIT and Nigella sativa produced the greatest reductions, restoring
metabolic parameters close to the levels observed in healthy controls.

Conclusion

The findings of this study demonstrate that type 2 diabetes is associated with significant increases in serum glucose levels
and insulin resistance, as evidenced by higher HOMA-IR in the diabetic control group compared to healthy controls.
These results underscore the critical role of impaired glucose metabolism and reduced insulin sensitivity in the
pathophysiology of type 2 diabetes and highlight the importance of interventions aimed at modulating these parameters
to prevent secondary complications. The study revealed that high-intensity interval training (HIIT) independently reduced
serum glucose, insulin, and HOMA-IR in diabetic rats. This suggests that short, intense bouts of exercise can enhance
insulin sensitivity and improve metabolic function, supporting previous findings on the efficacy of HIIT in managing
diabetes-related metabolic disturbances. Similarly, Nigella sativa supplementation alone significantly lowered serum
glucose, insulin, and HOMA-IR, likely due to its antioxidant, anti-inflammatory, and beta-cell protective properties. These
results confirm the potential of black seed as an effective nutritional intervention for mitigating metabolic abnormalities
in diabetes. Importantly, the combined intervention of HIIT and Nigella sativa produced the most pronounced effects,
restoring metabolic parameters close to those observed in healthy control animals. This finding indicates a synergistic
interaction between exercise and dietary supplementation, emphasizing the value of a combined non-pharmacological
approach in improving glucose homeostasis and insulin sensitivity. Overall, the study supports the concept that integrating
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structured exercise and dietary supplementation can have additive or even synergistic effects on metabolic health in type
2 diabetes. The combination of HIIT and Nigella sativa may serve as a practical, cost-effective, and complementary
strategy for improving glycemic control and insulin sensitivity. These findings have important implications for
researchers, clinicians, and healthcare professionals, providing evidence-based guidance for the design of comprehensive
interventions targeting metabolic dysfunction in diabetic populations. Furthermore, this study lays the groundwork for
future research on the synergistic benefits of combining physical activity and nutritional supplementation in both animal
models and human clinical settings.
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