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Introduction and Purpose: The use of exercise training to correct metabolic
disorders and treat diseases has become widespread. This study aimed to
investigate the effect of eight weeks of resistance training on the expression of
AMPK, mTORC1, and P70S6K1 genes in the adipose tissue of obese diabetic male
mice.

Materials and Methods: Eighteen healthy male Wistar rats, averaging eight weeks
in age and weighing 187.5 + 9.37 g, were fed a high-fat diet for eight weeks. Six
rats were designated as the obese control (OC) group, while the remaining twelve
were induced to develop diabetes after the eight-week high-fat diet. Type 2 diabetes
was induced via intraperitoneal injection of streptozotocin. The diabetic male rats
were then divided into two groups of six: the diabetic control (DC) group and the
diabetic resistance training (RT) group. Resistance training, performed five days a
week at an intensity of 50 to 120% of body weight, was conducted over the eight
weeks. Real-time PCR was employed to measure the expression levels of AMPK,
MTORC1, and P70S6K1 genes in adipose tissue. One-way analysis of variance and
Tukey's post hoc test were utilized to assess differences between groups, with a
significance level set at P < 0.05.

Results: The results indicated a significant difference among the groups
concerning the expression of AMPK, mTORCL1, and P70S6K1 genes in the adipose
tissue of male mice (P = 0.001). Tukey's post hoc test revealed that the expression
of these genes in the adipose tissue of the DC group was significantly reduced
compared to the OC group (P = 0.001). Additionally, a significant increase in the
expression of the aforementioned genes was observed in the RT group compared
to the DC group (P = 0.001). Furthermore, the DC group exhibited significant
increases in weight and insulin resistance compared to the OC group. In contrast,
resistance training significantly reduced both weight and insulin resistance in obese
diabetic mice (P = 0.001).

Conclusion: Resistance training can be considered an effective strategy for
improving the expression of AMPK, mTORCL1, and P70S6K1 genes, thereby
reducing disorders related to overweight, obesity, and type 2 diabetes.
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Extended Abstract

Introduction and Aim

A significant increase in type 2 diabetes and obesity is
observed in many countries, leading to a global public
health crisis that not only affects individuals' quality
of life but also imposes a substantial burden on
healthcare systems and economies. Obesity is
associated not only with type 2 diabetes but also with
cardiovascular and musculoskeletal diseases, as well
as certain types of cancer. Adenosine monophosphate-
activated protein kinase (AMPK) is a key regulator of
metabolism and a well-known target for treating
metabolic diseases such as type 2 diabetes. In recent
years, it has been shown that one of the main
downstream signaling pathways regulated by AMPK
is the mammalian target of rapamycin (mTOR).
Interestingly, like AMPK, the serine/threonine kinase
mTOR plays a crucial role not only in controlling cell
growth and proliferation but also in metabolism.
Structurally, mTOR exists in two multi-protein
complexes, mTORC1 and mTORC2, each with
distinct functions. MTORC1 regulatess mMRNA
translation, leading to the activation of its downstream
protein, ribosomal protein S6 kinase 1 (P70S6K1).
The mTORCL1 signaling pathway and its critical
proteins, including AMPK, mTOR, and P70S6K1, are
vital for protein synthesis. Type 2 diabetes may cause
disruptions in the mTORC1 pathway, such as impaired
insulin secretion and reduced protein synthesis. Given
that the precise effects of resistance training on the
insulin signaling pathway and the mTORCL signaling
pathway in individuals with diabetes are not yet well-
understood, the present study aimed to determine the
effect of eight weeks of resistance training on the gene
expression of AMPK, mTORC1, and P70S6K1 in the
adipose tissue of obese diabetic rats.

Materials and Methods

Eighteen healthy male Wistar rats, with an average age
of eight weeks and an average weight of 187.5 + 9.37
g, were purchased from the Razi Vaccine and Serum
Research Institute in Mashhad. The samples were
housed under controlled laboratory conditions at a
temperature of 25 + 3°C, a 12:12 hour light-dark cycle,
and a humidity of 35-55%. A one-week
acclimatization period was provided for the rats to
adapt to the laboratory conditions and a specific diet.
For eight weeks, the rats were fed a high-fat diet (60%
fat, 20% carbohydrate, and 20% protein). The Lee
Index was used to assess the degree of obesity, with
values above 310 considered obese. Six of the obese
rats were randomly assigned to the Obese Control
(OC) group. The remaining 12 obese rats underwent
diabetes induction and were then divided into two
groups of six: Diabetic Control (DC) and Resistance
Training (RT). The RT group performed the training

protocol for eight weeks. To induce type 2 diabetes, a
high-fat diet was administered for eight weeks,
followed by an intraperitoneal injection of freshly
prepared streptozotocin (STZ) solution (50 mg/kg)
dissolved in a citrate buffer (pH=4.5) at a dose of 25
mg/kg. The OC rats received an equivalent volume of
citrate buffer. The resistance training program
consisted of eight weeks of climbing a 1-meter ladder
with 36 rungs at an 85-degree incline. Each session
comprised three sets of five repetitions, with a one-
minute rest between repetitions and a two-minute rest
between sets. The exercise was performed with
weights attached to the rats' tails. In the first week, the
attached weight was 50% of their body weight, which
was gradually increased by 10% each week, reaching
120% of their body weight in the final week. Forty-
eight hours after the last training session, the rats were
anesthetized using an intraperitoneal injection of
ketamine (100 mg/kg body weight) and xylazine (10
mg/kg body weight). The abdominal cavity was then
carefully opened, and after locating the subcutaneous
adipose tissue, a suitably sized section was excised.
Molecular tests using the gRT-PCR method were
performed to measure changes in the gene expression
of AMPK, mTORC1, and P70S6K1.

Findings

Data analysis using a one-way analysis of variance
(ANOVA) revealed a significant difference in the gene
expression of AMPK, mTORCL1, and P70S6K1 in the
adipose tissue of male rats among the study groups
(p=0.001). Tukey's post-hoc test indicated a
significant decrease in the gene expression of AMPK,
MTORC1, and P70S6K1 in the adipose tissue of male
rats in the DC group compared to the OC group
(p=0.001). A significant increase in the expression of
these genes was observed in the RT group compared
to the DC group (p=0.001).

Conclusion
Resistance training, by improving the
AMPK/mTORC1/P70S6K1 signaling pathway, may
be considered an effective strategy for mitigating
disorders associated with overweight, obesity, and
type 2 diabetes.
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