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Introduction and Purpose: This study investigated the effects of aerobic
and combined exercise on the expression of key IRS1/PI3K/Akt pathway
genes in the adipose tissue of rats with type 2 diabetes and obesity. This
pathway plays a central role in beta-cell function, hepatic glucose
metabolism, and type 2 diabetes pathogenesis.

Materials and Methods: Twenty-four male Wistar rats were rendered obese
using a high-fat diet, after which 18 rats were induced with type 2 diabetes
via streptozotocin injection. The diabetic rats were divided into three groups
of six: diabetic control, aerobic exercise, and combined exercise (alternating
aerobic and resistance training). The exercise protocol was carried out over
eight weeks, five days per week. At the end, gene expression was measured
using the Real-Time PCR method, and the data were analyzed with
appropriate statistical tests.

Results: The expression of IRS1, PI3K, and AKT genes in adipose tissue
showed a significant difference among the groups (P=0.001). The expression
of these genes was significantly lower in the diabetic control group compared
to the obese control group (P=0.001). Both aerobic and combined exercise
interventions led to a significant increase in the expression of these genes
relative to the diabetic control group (P=0.001). However, no significant
difference was observed between the two exercise groups in this regard
(P=0.08).

Conclusion: Exercise training is an effective therapeutic strategy for
ameliorating obesity and type 2 diabetes-related metabolic disorders by
positively modulating the IRS1/PI3K/AKT pathway in adipose tissue.
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Extended Abstract

1. Introduction and Objective

Obesity, as a complex metabolic disorder, has
emerged as a global challenge alongside the escalating
crisis of Type 2 Diabetes Mellitus (T2DM). This
condition is characterized by insulin resistance and
chronic systemic inflammation, where disruptions in
key insulin signaling pathways play a fundamental
role. The most classic of these is the Insulin Receptor
Substrate (IRS)/Phosphatidylinositol-3-kinase
(PI3K)/Protein  Kinase B (AKT) pathway. The
activation of this molecular cascade begins following
insulin binding to its receptor (InsR), ultimately
leading to the translocation of the glucose transporter
GLUT4 to the cell membrane and facilitating glucose
uptake. While regular physical activity is a vital non-
pharmacological strategy for improving glycemic
control, the precise molecular mechanisms and the
comparative effectiveness of different exercise
modalities—specifically Aerobic Training (AT),
focusing on cardiorespiratory endurance, versus
Combined Training (CT), which integrates AT with
Resistance Training (RT)—on this specific pathway in
adipose tissue remain poorly understood. Given the
central role of IRS1/PI3K/AKT signaling impairment
in the pathology of obesity and T2DM, this study
aimed to compare the effects of AT and CT on the
expression of these key genes in the adipose tissue of
obese diabetic male rats.

2. Materials and Methods

This study utilized 24 male Wistar rats with an initial
mean weight of 187.5 pm 9.37 grams, maintained
under standard laboratory conditions. Following a
one-week acclimatization period, the animals were fed
a high-fat diet (HFD) containing 60% fat, 20%
carbohydrate, and 20% protein for eight weeks.
Obesity was confirmed using the Lee Index (values >
310). Six rats were randomly assigned to the Obese
Control (OC) group, while the remaining 18 were
induced with T2DM via an intraperitoneal injection of
Streptozotocin (STZ, 50 mg/kg) post-HFD. Diabetic
status was confirmed by fasting blood glucose levels
between 150 to 400 mg/dL and assessment of HOMA-
IR. These rats were then randomly divided into three
groups: Diabetic Control (DC), Combined Training
(CT), and Aerobic Training (AT). All groups
continued the HFD throughout the eight-week
intervention. The AT protocol involved treadmill
running 5 days/week at 40-60% of maximum velocity
for 60 minutes. The CT protocol consisted of
resistance exercise (15 reps of ladder climbing at 40-
60% 1RM) followed by 30 minutes of aerobic exercise

at the same intensity. Adipose tissue was harvested 48
hours after the final session, and gene expression of
IRS1, PI3K, and AKT was analyzed using gRT-PCR
and the Delta\Delta Ct method, with results
normalized to \beta-actin. Statistical analysis was
performed using one-way ANOVA and Tukey’s post-
hoc test (P < 0.05).

3. Findings

The results of the one-way ANOVA revealed
significant differences in the expression levels of
IRS1, PI3K, and AKT genes across the study groups
(P = 0.001). Post-hoc analysis indicated that the
expression of these genes was significantly lower in
the DC group compared to the OC group (P = 0.001).
Conversely, both exercise intervention groups (AT
and CT) demonstrated a significant increase in the
expression of these target genes compared to the DC
group (P = 0.001). However, no statistically
significant difference was observed between the AT
and CT groups (P > 0.05).

4. Conclusions

In conclusion, the findings suggest that both aerobic
and combined exercise training can serve as effective
therapeutic strategies for mitigating metabolic
disorders associated with obesity and T2DM by
upregulating the IRS1/PI3K/AKT signaling pathway
in adipose tissue.
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