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Introduction: The JAK/STAT signaling pathway is an important pathway
used by cytokines and its excessive activation can lead to various diseases.
This signaling pathway is essential for normal homeostasis. Dysregulation of
this pathway contributes to the development of obesity and diabetes. This study
aimed to investigate the effect of six weeks of endurance running exercises on
the gene expression of the JAK1/STAT3 pathway in the basal ganglia of
diabetic rats.

Methods: In this experimental study, 40 male rats were randomly divided into
four equal Healthy, Exercise, Diabetes, and Diabetes + Exercise groups.
Diabetes was induced by a single intraperitoneal injection of streptozotocin
(STZ, 50 mg/kg body weight). The incremental endurance exercise program
was gradually implemented for six weeks, and five sessions per week. The first
week started with a speed of 10 m/min for 10 minutes, and by the sixth week, it
reached a speed of 18 m/min for 30 minutes. Forty-eight hours after the last
exercise session, the rats were anesthetized and the brain tissue was removed
from the skull to extract the basal ganglia. The extracted tissue was used to
measure gene expression by the qPCR method. One-way ANOVA and LSD
post hoc test were used to check the between-group differences. The
significance level was considered smaller than 0.05.

Results: Type-1 diabetes induction did not change JAK1/STAT3 gene
expression in basal ganglia (P>0.05). The endurance exercise program
decreased the gene expression values of JAK1 (P=0.009) and STAT3
(P=0.002) compared to the diabetes group. This decrease had a similar process
for both genes.

Conclusion: In the present study, six weeks of endurance running on the
treadmill with moderate intensity decreased the gene expression of the
JAK1/STAT3 pathway. Therefore, this exercise protocol can be suggested as a
non-pharmacological tool without side effects to inhibit this pathway in
diabetes to protect basal ganglia neurons.
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Extended Abstract

Introduction

Diabetes mellitus is a complex metabolic pathology
characterized by hyperglycemia. Hyperglycemia can
stimulate the release of many pro-inflammatory
cytokines and interferons such as interleukin-6, which
causes diabetic complications such as nephropathy,
neuropathy, and even impairment in the central
nervous system function. It seems that many of these
complications were mediated through the stimulation
of the JAK/STAT signaling pathway. This pathway
transmits chemical information outside the cell to the
nucleus and controls the expression of some genes
through the transcription process. The binding between
the ligand and the receptor causes the
transphosphorylation of JAK. JAK then phosphorylates
STAT, in the next step STAT is separated from the
receptor and regulates the transcription of target genes.
The intracellular JAK-STAT signaling pathway
mediates cellular responses to cytokines and growth
factors, and its disruption due to the excessive content
of cytokines and interferon-gamma in both forms of
diabetes causes dysfunction and death of pancreatic
beta cells that secrete insulin. The hippocampus and its
related areas, including the basal ganglia, are one of the
important central areas that play an important role in
the occurrence of cognitive behaviors and are also one
of the sensitive centers for diabetes damage in the
brain. Evidence showed that diabetic-induced
disturbance of the JAK/STAT signaling pathway
causes neuroinflammatory and cognitive diseases
including Parkinson's disease (PD) through the
activation and polarization of myeloid cells and T cells
to pathogenic phenotypes. The increase in the number
of microglia and macrophages in diabetes plays an
important role in the progression of PD by increasing
the activity of this pathway. Therefore, inhibiting the
activation of the JAK/STAT pathway can be a
promising therapeutic target for the treatment of
diabetes-related neurological diseases, including PD.
Recent studies have shown that performing various
exercises, including endurance exercises, can inhibit
hyperglycemia and improve diabetes complications by
increasing glucose consumption in muscles and
improving insulin release. Exercise (endurance
training) has become an important treatment option for
glucose metabolic disorders because it stimulates
glucose transporter-4 (Glut4) in skeletal muscle as an
insulin-independent adaptive response. Studies have
also shown the effect of various exercises, including
resistance and long-term moderate and high-volume
exercise, on the JAK/STAT pathway in muscle tissue
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and testicular tissue. However, despite these results, the
consensus about the effects of endurance exercise and
its role in the activity of this signaling pathway in the
basal ganglia tissue is not completely clear. Therefore,
the current research aimed to study the effect of
endurance treadmill running exercise on the gene
expression of JAK1/STATS3 in the basal ganglia of rats
with type-1 diabetes.

Methods

In this experimental study, 40 male rats were randomly
divided into four equal Healthy, Exercise, Diabetes,
and Diabetes + Exercise groups. Diabetes was induced
by a single intraperitoneal injection of streptozotocin
(STZ, 50 mg/kg body weight). The incremental
endurance  exercise  program  was  gradually
implemented for six weeks, and five sessions per week.
The first week started with a speed of 10 m/min for 10
minutes, and by the sixth week, it reached a speed of
18 m/min for 30 minutes. Forty-eight hours after the
last exercise session, the rats were anesthetized and the
brain tissue was removed from the skull to extract the
basal ganglia. The extracted tissue was used to measure
gene expression by the qPCR method. One-way
ANOVA and LSD post hoc test were used to check the
between-group differences. The significance level was
considered smaller than 0.05.

Results

STZ injection to induce type 1 diabetes did not change
JAK1/STAT3 gene expression in basal ganglia
(P>0.05). The endurance exercise program decreased
the gene expression values of JAK1 (P=0.009) and
STAT3 (P=0.002) compared to the diabetes group.

Conclusion

In the present study, six weeks of endurance running
on the treadmill with moderate intensity decreased the
gene expression of the JAK1/STAT3 pathway.
Therefore, this exercise protocol can be suggested as a
non-pharmacological tool without side effects to inhibit
this pathway in diabetes to protect basal ganglia
neurons
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