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Abstract

Aim: Intense interval training (HIIT) activates metabolic factors by increasing the cell's need
for energy in the shortest time; However, its role in AMPK activation and subsequent reduction
of cardiac tissue fibrosis in type 2 diabetes (T2DM) patients is unclear. Therefore, the present
study was conducted to determine the effect of eight weeks of High intensity interval training
on AMPK levels and cardiac tissue fibrosis, fasting blood glucose and insulin, and insulin
resistance in streptozocin-induced diabetic rats. Methods: In this experimental study, 20 heads
(293.16 + 49.96 g) of adult white Wistar rats were divided into four groups (n=5): healthy
control, diabetic control, healthy exercise, and diabetic exercise. The HIT protocol was
performed on a treadmill for eight weeks (five sessions per week including three phases of warm-
up, main body of exercise and cool-down in each session). The training intensity was 85-90%
of the maximum speed (~27-30 m/min) in 6-12 two-minute intervals with a three-minute active
rest, including continuous running at an intensity of 30% of the maximum speed on the treadmill.
Shapiro-Wilk, 2x2 two-way analysis of variance, one-way analysis of variance and Bonferroni's
post hoc tests at a significance level of <0.05 were used to analyze the data. Results: A
significant increase in p-AMPK and p-AMPK/T-AMPK values of heart tissue was observed in
healthy exercise rats compared to other groups (p<0.05). Also, cardiac tissue fibrosis in the
diabetic exercise group was significantly reduced compared to the diabetic control group
(p<0.05). However, in the diabetic exercise group, the values of p-AMPK and p-AMPK/T-
AMPK in cardiac tissue were not affected (p>0.05) and Also, T-AMPK showed a significant
increase in the diabetic control group compared to other groups (p<0.05). Conclusions:
Probably, reduction of cardiac tissue fibrosis in T2DM rats, at least during eight weeks of HIIT,
is independent of AMPK.
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Extended abstract
Background

Modulation of cardiovascular complications caused by T2DM such as cardiac tissue fibrosis has always been considered
through aerobic exercise interventions .However, investigating the effects of HIIT with intermediate aerobic and
anaerobic approaches including high energy demand in a short period of time through AMPK activation on reducing
cardiac tissue fibrosis caused by T2DM is unclear .In fact, how AMPK functions as a body energy sensor and one of its
main regulators in facing fibrosis with stressful conditions of HIIT and T2DM at the same time is still controversial .
Therefore, the present study was conducted to determine the effect of eight weeks of HIIT on p-AMPK, T-AMPK and
fibrosis of cardiac tissue and glycemic indices of diabetic male Wistar rats.

Methodology

The present study was conducted based on the regulations of working with laboratory animals. Therefore, 20 white male
Wistar rats, which had a serum glucose level of less than 250 mg/dL under normal conditions without fasting, were
collected from the animal laboratory of Iran University of Medical Sciences, aged about three months and weighing 225-
300 grams. (293.16+49.96 grams) were prepared. All interventions were started after at least two weeks of animal
settlement with temperature conditions of 20 + 2 °C, relative humidity of 50 £ 5%, minimum noise and light-dark cycle
of 12:12 hours. Rats were divided into four groups of five series including healthy control, diabetic control, healthy
training and diabetic training. Then, for two weeks, 10 rats from diabetic control and diabetic training groups became
diabetic. At the same time, in order to induce T2DM, high-fat food (45% fat, 21% protein and 34% carbohydrates) was
consumed for two weeks, and then IP-STZ injection was applied after six hours of fasting. One week after making the
blood glucose concentration higher than 250 mg/dL, rats with T2DM were included in the study. The training method
included eight weeks of HIIT for five days a week on a treadmill. The HIIT method consisted of three phases: warm-up,
the main part of the exercise, and cool-down. Exercises in the warm-up and cool-down phase were considered for five
minutes at a speed of 10 meters per minute (equal to the intensity of 30-40% VOa2max). The main part of the exercise was
performed with 85-90% of maximum speed (~27-30 m/min), which was gradually increased from 6 to 12 two-minute
intervals from the first week to the eighth week of the research project. Three-minute intervals of active rest with 30%
VO2max equal to a speed of 10 meters per minute were applied between high intensity activity periods. The total training
time increased from 38 to 68 minutes during the training period. Also, the healthy control group, which did not participate
in any activity program, was placed on a stationary treadmill five days a week for 10 to 15 minutes per session to create
the same conditions as the other training groups. After the last training session, the body weight of all the groups was
measured immediately. 48 hours after the last training session (12 to 14 hours of fasting), blood samples were taken and
all rats were subjected to pain-free surgery by intraperitoneal injection of a combination of Ketamine and Xylazine. After
washing, the removed tissue was frozen and then stored in a freezer at -70 degrees Celsius for further measurements. In
the following, western blot method was used to evaluate the expression level of p-AMPK and T-AMPK proteins of cardiac
tissue. Cardiac tissue Fibrosis was also determined using Masson's Trichrome staining method. In addition, fasting blood
glucose was measured by glucose oxidase method, fasting blood insulin concentration was measured by ELISA method,
and insulin resistance values were measured using HOMA-IR formula. Finally, Shapiro-Wilk test was used in connection
with statistical methods in order to check the normal distribution of data. Also, in order to investigate the interaction
between the independent variables of the research (HIIT and T2DM), the 2x2 two-way analysis of variance test was used,
and for pairwise comparison, the one-way analysis of variance test and subsequently Bonferroni's post hoc test were used.
All statistical operations were performed using SPSSvzs software under Windows, at a significance level of less than 0.05.

Results

The findings showed that eight weeks of T2DM significantly decreased fasting blood insulin levels and increased T-
AMPK and fibrosis of cardiac tissue, blood insulin resistance and fasting blood glucose. However, no significant
difference was observed in the values of cardiac tissue p-AMPK of rats with T2DM compared to the healthy control
group. Also, in healthy rats, eight weeks of HIIT significantly led to a decrease in fasting blood glucose levels and an
increase in cardiac tissue p-AMPK and fasting blood insulin levels compared to the healthy control group; However, no
difference was observed in the values of T-AMPK and fibrosis of cardiac tissue and blood insulin resistance compared to
the healthy control group. In addition, eight weeks of HIIT in rats suffering from T2DM led to a decrease in cardiac tissue
fibrosis and fasting blood glucose levels and no change in cardiac tissue p-AMPK and T-AMPK values, insulin resistance
and fasting blood insulin compared to the healthy control group.
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Conclusion

According to the results of the present study, it seems, in the condition of T2DM, the reduction of insulin resistance
values, improvement of glycemic status and finally reduction of the process of cardiac tissue fibrosis caused by eight
weeks of HIIT observed in the diabetic training group, should be independent of the AMPK pathway of cardiac tissue;
However, in healthy rats, the situation can be the opposite, so that the observed improvements can be related to the
increase of AMPK in the cardiac tissue.
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