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Abstract

Aim: Exercise is a type of non-pharmacological treatment for obesity and type 2 diabetes, and
at the same time, the molecular mechanisms responsible for genetic adaptations to it, especially
in the pancreas, are less known. The aim of this study was to determine the effect of 12 weeks
of aerobic training on the function of beta cells and uncoupled protein 2 of the pancreas of
diabetic obese rats. Methods: In this experimental study, 24 obese diabetic and healthy rats (220
+ 5 g) were randomly divided into three equal groups: HE healthy, DI diabetic, and DI-AT
aerobic training diabetic. The DI-AT group participated in a 12-week aerobic training program
with 5 sessions per week, and the control group did not participate in any training program.
Glucose concentration was measured by glucose oxidase colorimetric method, serum insulin by
ELISA method and UCP2 gene expression by RT-Real time PCR method. The data were
analyzed using the statistical method of one-way analysis of variance at a significance level of
0.05. Results: At the end of the research, the relative expression of pancreatic tissue UCP2 gene .
and HOMA-B of the DI-AT group was significantly lower than the DI group (PHOMA-B = Scan this QR code to see the
0.001: PUCP2 = 0.001). And it was more than HE group (PHOMA-B=0.001: PUCP2=0.001). &ccompanying video, or visit
Conclusion: Aerobic training improves the glycemic profile and insulin level in type 2 diabetic 1ahssp.azaruniv.ac.ir

rats, probably part of this improvement can be related to the change in the relative expression of

UCP2 gene in the pancreatic tissue of diabetic rats. 1. PHD student of Exercise
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Extended abstract
Background

Currently, 70% of Iranians are obese and overweight (47% overweight and 23% obese) and four and a half percent of the
country's population is morbidly obese. The number of obese people in Iran has increased by five and a half times from
1359 to 1400, and the number of overweight people has increased by three and a half times (1). Obesity, which is known
to increase body fat tissue, is one of the most important risk factors for type 2 diabetes, blood pressure, hyperlipidemia,
and atherosclerosis diseases such as coronary artery disease (2). Preliminary studies have simultaneously reported
hyperinsulinemia and insulin resistance in obese people (2). Also, insulin secretion disorders have been reported in obese
adults. Longitudinal studies have shown that the progression of damage to the function of beta cells is particularly
important in the prevalence of diabetes (3). The main characteristic of the onset of type 2 diabetes is the phenomenon of
insulin resistance. In people with insulin resistance, if there is sufficient insulin secretion capacity to compensate for
insulin resistance, the severity of diabetes does not increase. But chronic hyperglycemia is associated with damage to
insulin secretion and its function in healthy people (3). In the pathogenesis of type 2 diabetes, the destruction or
progressive dysfunction of beta cells leads to the inability to secrete insulin to compensate and overcome insulin resistance
(4). Longitudinal studies have shown that damage to beta cells is of particular importance in increasing the severity of
this disease in affected people. It has been reported that the function of beta cells in type 2 diabetes decreases by 60 to 50
percent compared to normal conditions, and the beginning of the decrease in the function of these cells goes back to about
10 to 12 years before the appearance of hyperglycemia (5). By reducing or increasing UCP2 in beta cells and as a result,
adjusting the ratio of ATP to ADP through the amount of ATP formation in beta cells, the amount of insulin output
decreases or increases. This function of UCP2 causes this index to be involved in the regulation of blood sugar and fat
metabolism (6). It has been reported that the expression of UCP2 in human Langerhans cells increases with hyperglycemia
(7) and UCP2 mutation improves the function of beta cells in rodent models suffering from hyperglycemia and
hyperlipidemia (8).

Methodology

The current research was conducted on 40 eight-week-old obese rats with an approximate weight of 190-230. The sample
size of the current study was determined based on the results of previous research, at a significance level of 5% (type 1
error) and statistical power of 95% (type 2 error) and using Medcalc software version 1/2/18, 24 mice. One week after
transferring the mice to the laboratory environment, the mice were screened, and 24 male rats with an approximate weight
of 222+5 grams were selected who met the criteria for entering the research. Entry criteria include: the ability to run on a
treadmill at a speed of 16.6 m/min for 5 minutes (12-channel TURBO T310 treadmill made in Korea), being male, in
perfect health (in terms of physical damage and anatomical problems) and not being used in research. It was past. After
induction of diabetes and equalization in weight, they were randomly divided into 3 equal groups (8 mice in each group):
1- healthy non-diabetic group without HE exercise 2- diabetic group without DI exercise 3- diabetic group with 12 weeks
of DI+ aerobic exercise AT were divided. Also, the criterion for leaving the study was injury or death during the research
period, inability to fully implement the exercise protocol of not becoming diabetic and being female.

At first, the studied animals were kept in the animal laboratory for 2 weeks in order to familiarize and adapt to the
environment. Next, after a night of fasting (12 hours), to induce type 2 diabetes in rats, streptozotocin (STZ) solution was
used intraperitoneally. It was injected once with a dose of 60 mg per kilogram of body weight. HI healthy controls only
received the same volume of citrate buffer (16). To ensure that the animals became diabetic, their blood sugar was
measured 72 hours after the injection with a glucometer and a blood sample taken from the tail vein of the mice; Blood
sugar above 130 mg/dL was considered as an indicator of diabetes (16). After the induction of diabetes, the rats were
randomly divided into 3 equal groups (8 rats each): 1- healthy non-diabetic group without HE training 2- diabetic group
without DI training 3- diabetic group with 12 DI+AT aerobic training week were divided. The DI+AT groups ran on a
treadmill (zero degree incline) for twelve weeks, five training sessions per week (no training on Thursdays and Fridays).
At the end of twelve weeks of research, followed by 72 hours of rest after the last training session, all the rats were
anesthetized by an experienced animal house expert and then operated. At the beginning and end of the 12-week research
protocol, the weight of the animals was measured using a 0.01 digital scale.

Aeraobic training program

A training program for 12 weeks of aerobic training with 5 sessions per week with a gradual increase in speed (18 to 26
meters per minute) and time (10 to 55 minutes) in the form of running on a treadmill with the aim of determining its effect
on fasting glucose levels, serum insulin and The level of uncoupled protein 2 in pancreatic tissue was compared to the
control group that did not participate in the exercise program.

Blood sampling and tissue sampling:
Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



http://dx.doi.org/
https://dx.doi.org/10.22049/jahssp.2023.28008.1499

JAH SSP http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/ 10.22049/JAHSSP.2023.28008.1499

Riyahi et al, Journal of Applied Health Studies in Sport Physiology, 2023, 10, 1: 141-153 0143

Forty-eight hours after the last training session (10 to 12 hours of fasting), the studied rats in each group were injected
intraperitoneally with a mixture of 10% ketamine at a dose of 50 mg/kg and 2% xylosin at a dose of 10 mg/kg. They
fainted. Then, the chest of the animal was split and to ensure the least harm to the animal, the blood sample was taken
directly from the heart of the animal. Next, the pancreatic tissue of the mice was sampled and washed in physiological
serum in 1.8 milliliter RNAlaterTM microtubes. RNA Stabilization reagent containing 50 mL liquid with a ratio of 20%
was immersed in order to perform molecular tests.

Results:

A significant difference was observed between the serum insulin levels of different groups (p=0.016). The amount of
serum insulin in the DI-AT group was significantly higher than the DI group (p=0.036) and lower than the healthy group
(p=0.001). HOMA-B index of DI-AT group was significantly lower than DI group (p=0.001) and higher than healthy HE
group (p=0.001). Also, the amount of this index in the HE group was significantly lower (p=0.001) than the DI group.
The level of UCP2 protein expression of pancreatic tissue at the end of the research showed that there was a significant
difference between the research groups (p=0.011). The results of Tukey's test showed that after 12 weeks of aerobic
training, the expression of UCP2 protein in the pancreatic tissue of the DI-AT group was significantly lower than the DI
group (p=0.001) and higher than the HE group (p=0.001). Also, the level of UCP2 protein expression in the pancreatic
tissue of the HE group was lower than that of the DI group (p=0.0001).

Discussion:

Among the adaptations that can increase the action of insulin after endurance training: increase the signaling of insulin
receptors, increase the expression of the GLUT-4 gene, increase the activity of glycogen synthetase and hexokinase,
decrease the release and increase the clearance of free fatty acids, increase the release of glucose from the blood. It is
attributed to the muscle due to the increase in the muscle capillary and the change in the composition of the muscle in
order to increase glucose uptake. It can be stated that changes in anthropometric indicators and body composition can
also be an expression of the effectiveness of insulin action. Among other possible adaptations of the effect of exercise
training on improving insulin resistance, we can mention the activation of AMPK and the increase in the activity of
phosphoinositide-3 kinase (P13-Kinase) and Akt/PKB. Also, regulation of AMPK increase is another mechanism through
which exercise is related to improving insulin sensitivity and reducing insulin resistance. Sports activity through AMPK
increases GLUT-4 gene expression and its transfer from the cytoplasm to the surface of the cell membrane, and with this
process, the entry of glucose into the muscle cell is improved. Finally, endurance and aerobic exercises and activities by
creating their own biochemical changes in muscles, increasing capillary density and increasing oxidative enzymes can
improve the process of glucose transport and metabolism and increase the capacity of insulin to bind to muscle cell
receptors and thus reduce the need for insulin. Reduce. The function of the pancreatic UCP2 protein is to regulate insulin
release by regulating the ATP/ADP ratio. When mice develop diabetes, as a result of high glucose and fatty acids entering
pancreatic beta cells, the amount of unpaired index 2 increases significantly. This increase can be a protective response
caused by high-energy fuels (glucose and FFA), which leads to a decrease in ATP with the increase of UCP2, because
the UCP2 protein prevents the coupling of energy to form ATP and leads to an increase in energy waste and energy
conversion into heat. It prevents the increase of ATP in the pancreas in this way. Because the increase in UCP-2 expression
may be related to the change in the formation of ATP from glucose and the decrease in released insulin. An increase in
this index causes a decrease in ATP levels and an increase in the ATP/ADP ratio, thus reducing the amount of insulin
secreted in the pancreas of diabetic rats.

Conclusion:

Aerobic exercise leads to an increase in serum insulin levels along with a decrease in glucose in obese type 2 diabetic
rats. Based on the evidence from genetic studies, the increase in serum insulin in the studied rats can be attributed to the
increase in UCP2 expression in the pancreas tissue. Because clinical studies have supported the effective role of UCP2 in
the insulin release process in pancreatic beta cells.
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