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Introduction:  Aerobic training, recognized as a non-pharmacological therapy, can have
beneficial effects on improving metabolic conditions and reducing inflammation in patients
with type 2 diabetes. This study aimed to investigate the effects of aerobic training on the
expression of genes related to sarcopenia signaling pathways, autophagy, and inflammatory
markers in a type 2 diabetic rat model.

Materials & Methods: In this experimental study, 30 male Wistar rats aged 12 months, with
an average weight of 390 grams (ranging between 380 and 400 grams, +5 grams SD), were
randomly divided into three groups of 10: healthy control, diabetic control (diabetic), and
diabetic with exercise. Diabetes was induced using streptozotocin at a dose of 50 mg/kg body
weight. The exercise group underwent a moderate-intensity treadmill running program for
eight weeks, five sessions per week. Gene expression levels of AKT, FOX03, Beclin-1, LC3,
TNF-0, and IL-1p in the soleus muscle tissue were measured using quantitative real-time PCR.
Data analyzed by SPSS V.18 at significance less than 0.05.

Results: Significant differences in the expression levels of AKT, FOXO3, Beclin-1, LC3,
TNF-a, and IL-1p among the groups (P=0.000). Gene expression levels were significantly
elevated in the diabetic group compared to the healthy group (P=0.000). FOXO3 expression
significantly increased in the diabetic group compared to the healthy group and significantly
decreased in the exercise group compared to the diabetic group (P=0.000).

Conclusion: Aerobic training can improve muscle function and reduce cell atrophy in type 2
diabetes patients by affecting inflammatory and autophagy pathways, thus serving as an
effective strategy for improving metabolic status and preventing cellular damage.
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Introduction

individuals with type 2 diabetes and insulin
resistance, the expression of glucose

The advancement of technology and
mechanization of daily activities has led to a
sedentary lifestyle, which can result in weight
gain, increased adipocyte size, and a gradual
decline in muscle and bone mass (1). These
physiological and metabolic changes can
contribute to the development of metabolic
disorders such as type 2 diabetes, metabolic
syndrome, and cardiovascular diseases (1). In

transporters remains at a normal level, but the
translocation of these proteins to the cell
membrane is impaired (2). Aging is associated
with a decline in autophagic capacity, leading to
the accumulation of damaged cellular
components and an increased risk of type 2
diabetes-related complications (2). Aerobic
exercise, as a stimulator of autophagy, may
reverse this decline and exert beneficial effects
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on energy regulation and inflammation (3). In
both type 2 diabetic and aging conditions,
impaired autophagy pathways can lead to
increased accumulation of damaged materials,
oxidative stress, and inflammation (3). TNF-a,
a major pro-inflammatory cytokine secreted by
immune cells, plays a key role in this process
(4). Aerobic exercise has been proposed as a
potential intervention to modulate these
pathways and reduce  diabetes-related
complications (4). Resistance training activates
anabolic  signaling  pathways, including
PISK/AKT/mTOR, MTOR/UNC-51-like
kinase 1, and AKT/forkhead box O3 (5).
Activation of AKT signaling by insulin or
insulin-like growth factor-1 leads to suppression
of FOXO-dependent transcription, which plays
a key role in catabolic processes (5). Autophagy
acts as a protective mechanism by reducing
inflammation and oxidative stress in patients
with metabolic disorders, including type 2
diabetes (5). This research focuses on
evaluating the expression of the AKT gene in
the sarcopenia-related signaling pathway, the
FOXO gene in the osteoporosis pathway, the
autophagy markers Beclin-1 and LC3, and
inflammatory cytokines such as TNF-a and IL-
1 in aged rats with type 2 diabetes.

Methods

T This study is applied in nature and was
conducted as experimental research with a
control-test group design in a laboratory setting.
A total of 30 twelve-month-old male Wistar
rats, with an average weight of 390 g (weight
range: 380400 g, £5 g standard deviation),
were obtained from the Laboratory Animal
Breeding and Maintenance Center at Islamic
Azad University, Sari Branch. The rats were
randomly assigned into three groups (n=10 per
group): healthy control, diabetic control, and
diabetic + exercise. After being transferred to
the laboratory, the animals were housed in
polycarbonate  cages under  controlled
environmental conditions: a temperature of 22 +
2°C, relative humidity of 55 + 5%, and a 12:12
hour light-dark cycle with adequate ventilation.
The diabetic control and diabetic + exercise
groups were fed a high-fat diet for 6 weeks
based on the protocol by Zou et al. (12). This
diet included a fat emulsion administered daily
by oral gavage at a dosage of 10 mL/kg of body
weight. To induce type 2 diabetes,
streptozotocin  (STZ) was  administered
intraperitoneally at a dose of 50 mg/kg body

weight following the diet intervention. Prior to
initiating the main exercise protocol, the rats in
the exercise group underwent a one-week
familiarization phase, during which they ran on
a treadmill for five minutes per day at a speed of
8-10 m/min, five sessions per week, with a 0°
incline. The aerobic exercise program began in
the first week with 5 minutes of treadmill
running at a speed of 15 m/min. Each
subsequent week, the speed was increased by 1—
2 m/min, and the running duration was
gradually extended by 1-2 minutes per session.
The study used SPSS V.18 software for
statistical analysis, with descriptive statistics
and one-way analysis of variance to determine
differences between variables and their
interactions. If significant (p < 0.05), Tukey's
post hoc test was used to determine the
difference between groups, with a significance
level of 0.05.

Results

The findings revealed statistically
significant differences among the study groups
in the expression levels of AKT, FOXO, Beclin-
1, LC3, TNF-a, and IL-1P genes in the soleus
muscle tissue (p = 0.000). Gene expression
levels were significantly elevated in the diabetic
group compared to the healthy control group (p
= 0.000). Specifically, the expression level of
FOXO3 was significantly higher in the diabetic
group than in the healthy controls (p = 0.000),
while it showed a significant reduction in the
exercise group compared to the diabetic group
(p =0.000).

Conclusion

The results of this study demonstrated that
regular aerobic exercise can modulate
inflammatory and autophagy-related signaling
pathways. These effects, mediated through the
upregulation and downregulation of specific
biological signals, contribute to the reduction of
cellular atrophy and enhance both muscular and
metabolic function. These findings are
particularly significant for individuals with type
2 diabetes, as they commonly experience
chronic inflammation and impaired autophagy.
Therefore, aerobic exercise may serve as an
effective intervention for improving metabolic
status and preventing cellular damage in this
patient population. Although the present study
focused on type 2 diabetes, similar benefits of
aerobic training may also extend to other
conditions  characterized by  chronic



inflammation and metabolic dysfunction.
However, further research is needed to
generalize these findings to broader clinical
populations and disease states.
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