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Abstract

Aim: The aim of this study was to evaluate the effect of two months of high-intensity
interval training (HIIT) on ABCA1, ABCGL proteins and HDL (important factors in
regulating reverse cholesterol transport (RCT) as a protective process of the heart) in
type 2 diabetic male rats heart tissue. Methods: In an experimental study, Forty 3-
month-old adult male Wistar rats with a mean weight (251.13+ 13.68 g) were randomly
divided in four groups of 10 series including: healthy control (C: intraperitoneal
injection of saline), healthy (T: running at 85-90% of maximum speed in 6 to 12 2-
minute bouts; 5 days per week for eight weeks), diabetic control (D: diabetic on a high-
fat diet with intraperitoneal injection of streptozotocin) and diabetics do training (D +
T: diabetic with exercise). Western blot was used to evaluate the changes in the
expression profile of ABCAL and ABCG1 proteins in the heart tissue of rats. One-way
analysis of variance and Bonferroni post hoc test were used to analyze the data.
Results: The results showed that the levels of ABCA1 and ABCGL1 proteins and HDL-
C in the diabetic group were significantly lower than the control group (P = 0.005).
Whereas, in the healthy (T) trained group, the levels of ABCAL (P = 0.009), ABCG1
(P = 0.005) and HDL-C (P = 0.043) were Increased respectively 36%, 17% and 8%
compared to the diabetic control group (D). On the other hand, HIIT training caused a
non-significant increase in both proteins and HDL-C changes in the trained diabetic
group (D + T) compared to the diabetic group (D) (P>0.05). Conclusion: The results
indicate that the two-month intervention of HIIT training enhances the flow of HDL
cholesterol by increasing the levels of ABCAL1 and ABCGL proteins in healthy rats;
Which can be useful in improving the reverse cholesterol transfer from macrophages,
and due to the increase of although non-significant indicators, HIIT may improve the
cardiovascular complications of type 2 diabetes.
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Extended abstract

Background

Today, diabetes is considered as one of the most important health-medical and socio-economic problems in the world.
Most of the importance of diabetes is due to its high prevalence and numerous complications that arise as a result. Any
type of diabetes that is less than optimally controlled can cause atherosclerosis (formation of platelets in the arteries
around the body) and hyperglycemia; which is the main risk factor for all cardiovascular diseases. So; Many people who
suffer from diabetes or pre-diabetes may also have cardiovascular disease. Many factors play a role in the development
of atherosclerosis, the most important of which is circulating cholesterol. Mammalian cells cannot reduce excess
cholesterol; Therefore, it is essential to remove excess intracellular cholesterol. Reverse cholesterol transport (RCT) is an
important cardioprotective process that removes excess cholesterol from macrophages. in addition to; RCT has a positive
role in reducing atherosclerosis plaques during diabetes. Transporter proteins of the ABC family are considered important
factors in regulating this process. Therefore, the aim of this study was to investigate the effect of two months of high-
intensity interval training on the content of proteins related to the reverse transport of cholesterol in the heart tissue of
male rats suffering from type 2 diabetes.

Methodology
In an experimental design, forty 3-month-old adult male Wistar rats with an average weight of 251 + 13.68 grams were
randomly divided into four groups of 10 series including:
e Group 1: Healthy control (C: intraperitoneal injection of saline).
e Group 2: Healthy Trained (T: running with an intensity of 90-85% of maximum speed in 6-12 bouts, 2-minute
work; 5 days a week for eight weeks).
e Group 3: Diabetic control (D: made diabetic by high-fat diet with intraperitoneal injection of streptozotocin).
e Group 4: Diabetic Trained (D+T: made diabetic by high-fat diet with intraperitoneal injection of streptozotocin
with running with an intensity of 90-85% of maximum speed 6-12 bouts, 2-minute work; 5 days a week for eight
weeks).

ABCAL and ABCG1 measurement: Western blot method was used to investigate the changes in ABCA1 and ABCG1
protein expression profile in heart tissue of mice.
HDL-C measurement: spectrophotometric method was used to investigate High-density lipoprotein cholesterol.

All rats, 48 hours after the last training session (to eliminate the acute effects of training) and after 12 to 14 hours of
fasting, were injected intraperitoneally with ketamine (90 mg.kg™) and xylazine (10 mg.kg™?). They were anesthetized
and operated by specialists in a painless way. Then, a part of the tissue of the apex of the left ventricle of the rats was
carefully removed and after washing with normal saline serum, it was frozen in liquid nitrogen (-196°C) and stored at
(70°C) for the analysis of relevant indicators.

Exercise protocols

High Intensity Interval Training

The HIIT training method consisted of three phases: warm-up, main body of the exercise and cool-down. Training in the
warm-up and cool-down phase for 5 minutes at a speed of 10 m/min (equal to the intensity of 30-40% of the maximum
speed) was considered for the rats. The main training body is also equal to the intensity of 85% -90% of the maximum
speed in 6 to 12 bouts (every week one bout to the animal activity places would have been In addition, three-minute
intervals of active rest, which included continuous running on the treadmill at a speed of 10 m/min, were applied between
the activity bouts. Meanwhile, the healthy control group (C) and the diabetic control group (D) who did not participate in
any activity program, to create the same conditions as the other exercise groups, 5 days a week for 10 to 15 minutes in
each session to adapt to the conditions of the plan. Researches were placed on a motionless turntable. In order to stimulate
the rats to run, a low voltage (100 V) electrical stimulator installed in the rear part of the treadmill was used.

Statistical methods:
One-way analysis of variance and Bonferroni's post-hoc test was used for data analysis at a significance level of less than
5 percent.
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Results: The results showed that the levels of ABCA1 and ABCG1 proteins and HDL-C in the diabetic group were
significantly lower than the control group (P = 0.005). Whereas, in the healthy (T) trained group, the levels of ABCA1 (P
=0.009), ABCG1 (P = 0.005) and HDL-C (P = 0.043) were Increased respectively 36%, 17% and 8% compared to the
diabetic control group (D). On the other hand, HIIT training caused a non-significant increase in both proteins and HDL-
C changes in the trained diabetic group (D + T) compared to the diabetic group (D) (P>0.05).

Discussion and conclusion:

It seems that sports activity improves RCT receptors in non-infectious diseases in experimental models. Anyway, the
results of the study indicate that type 2 diabetes causes a decrease in the activity of reverse cholesterol transfer pathway
proteins, including a decrease in the expression of ABCA1 and ABCGL1 and a decrease in HDL. However, intense
intermittent exercise causes a significant increase and prevents a decrease (although insignificant) in proteins in the
healthy and diabetic groups, respectively. Therefore, performing HIIT is a suitable intervention for establishing balance
in the reverse transfer of cholesterol in the heart tissue of healthy rats, and due to the positive effects, although small, it
is likely that HIIT exercises will be useful in diabetic rats as well. Of course, more studies are needed for a definitive
conclusion in this case.

Conclusion:

The results indicate that the two-month intervention of HIIT training enhances the flow of HDL cholesterol by increasing
the levels of ABCA1 and ABCGL proteins in healthy rats; Which can be useful in improving the reverse cholesterol
transfer from macrophages, and due to the increase of although non-significant indicators, HIIT may improve the
cardiovascular complications of type 2 diabetes.

Article message

High Intensity Interval Training is useful in improving the process of reverse cholesterol transfer and thus reducing
cardiovascular complications caused by diabetes.

Keywords

High Intensity Interval Training (HIIT), Reverse Cholesterol Transfer (RCT), High Density Lipoprotein (HDL),
Myocardium, Type 2 Diabetes.
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