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Abstract
Aim: The effect of exercise training in control of diabetes has been proved, but comparison

of the effect of high intensity interval training (HIIT) and moderate intensity continuous training
(MICT) on the protective mechanisms of heart tissue is still not well known. So, the aim of this
study was to compare the effect of HIIT and MICT on the Sirtuin-3 (SIRT3) and Heat shock
protein-70 (HSP70) gene expression in heart tissue of high-fat diet and diabetic rats. Methods:
eighteen male Sprague Dawley rats were fed with high-fat diet for three months. After that,
diabetes was induced by injecting 30 mg/kg streptozotocin intra peritoneally. Then the rats were
divided into 3 groups of 6 rats including, HIIT, MICT, and control. Also, 6 rats were considered
to investigate the effect of high-fat diet and diabetes on research variables in the healthy control
group. During 8 weeks training protocol, the HIIT group performed 6 training sessions in the
first week to 12 training sessions in the last week training sessions with intensity of 80-85% of
the maximum speed. MICT group was run 50 to 55% of the maximum running speed which
lasted from 25 minutes in the first week to 50 minutes in the final week. Finally, SIRT3 and
HSP70 gene expression values were measured in heart tissue by qRT-PCR method. One-way
analysis of variance (ANOVA) test was used to analyze the data (P<0.05). Findings: SIRT3
gene expression levels in the HIIT and MICT groups were significantly higher than the control
group (P=0.001) and HSP70 gene expression levels in the HIIT group were lower than the
control group (P=0.01). In addition, no significant difference was observed in SIRT3 and HSP70
values in HIIT and MICT training (P<0.05). Conclusion: It seems that HIIT and MICT play a
role in improving mitochondrial function by increasing SIRT3 expression; However,
considering the decrease in HSP70 levels following HIIT, it seems that more studies with the
approach of cell damage following high-intensity training are needed.
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Extended abstract
Background

Obesity and type 2 diabetes which generally associated with increased body mass index, have been documented as a
public health problem and its prevalence is increasing worldwide (1, 2). Studies show that SIRT 3 and the expression of
this gene play a role in obesity (4). In addition, 70 kilodalton heat shock protein (HSP70) has two inflammatory and anti-
inflammatory roles. Studies related to diabetes and cell levels of HSP70 show that this peptide is able to protect against
obesity-related insulin resistance in rodent cells via restricting the cellular pathway (5). Currently various studies have
been done on the role of exercise on improve and prevention of diabetes- induced heart diseases, but the results of studies
which review the effect of different exercises on the levels of SIRT3 and HSP70 are contradictory. Considering the
limitation of decisive information regarding the effect of exercises with different intensities and volumes on SIRT3 and
HSP70 in obesity situation, it seems that by conducting such studies, more fundamental information can be obtained in
relation to type 2 diabetes and obesity- related cardiovascular diseases. Therefore, the present study aimed to investigate
and compare the effect of interval and continuous training methods on the expression of SIRT3 and HSP70 in the heart
tissue of rats with high- fat diet- induced obesity.

Materials and Methods

In this experimental and fundamental study, 18 male Sprague- Dawley rats were fed a high-fat diet for three months,
which included 45% of total energy from fat (derived from animal oil) containing 24 grams of fat, 24 grams of protein
and 41 grams of carbohydrates per 100 grams (11). After three months, diabetes was induced by injecting a single dose
of 30 mg/kg streptozotocin dissolved in sodium citrate buffer with a pH of 4.5 intra- peritoneally. Next, to confirm
diabetes, 96 hours after the injection of streptozotocin poison, a drop of blood was placed on the glucometer strip by
making a small wound in the tail of the animals, and rats with blood glucose above 300 mg/dl were selected as statistical
samples.

Experimental design

Diabetic rats were divided (based on fasting glucose) into 3 groups of 6 rats including 1) intense interval training, 2) low
intensity continuous training, and 3) control. The ethical principles of working with laboratory animals were applied
according to guidelines of ethics committee of Islamic Azad University, Marvdasht Branch (IR.IAU.M.1400.037).

Training protocol

During 8 weeks, the intense interval training protocol consisted of performing training sessions with an intensity of 80-
85% of the maximum speed for 2 minutes and active rest periods of 1 minute, which increased from 6 training intervals
in the first week to 12 training intervals in the last week. The total volume of trainings (intensity, duration and repetition)
between the training groups (intense interval training and low-intensity continuous training groups) matched. As intensity
training in low-intensity continuous training group was 50 to 55% of the maximum running speed, the running duration
in the first week increased from 25 minutes to 50 minutes in the final week.

Extraction of laboratory animal tissue:

At the end, 48 hours after the last training session, the rats were anesthetized by ketamine and xylosin, and their heart
tissue was extracted by the laboratory technician and transferred to the laboratory to measure the gene expression levels
of SIRT3 and HSP70.

Assessment of studied factors: Gene expression was performed using Real Time-PCR. Then, Total RNA extraction,
extraction of extracted RNA (OD) concentration from tissue by bio photometer (NanoDrop1000), cDNA synthesis was
performed. Finally, real-time data were analyzed.

Statistical analysis

After collecting data and calculating the mean and standard deviation of data using descriptive statistics, Shapiro Wilk
test was used to determine the normal distribution of data. In the related variables, one-way ANOVA test was used for
comparison between groups and control group and then Tukey's post hoc test was used to compare the differences between
groups.

Results
Gene expression levels of SIRT3 and HSP70 in the heart tissue of rats in three groups are presented in Figures 1 and 2,
respectively. The results of the one-way analysis of variance test showed that there are significant differences in the gene
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expression levels of SIRT3 (P=0.001) and HSP70 (P=0.02) in the heart tissue of rats in the research groups. The results
of Tukey's post- hoc test showed that SIRT3 gene expression levels in continuous training and interval training groups
were significantly higher than the control group (P=0.001), however, there was no significant difference in SIRT3 gene
expression levels between continuous training and interval training groups (P=0.35); Also, HSP70 gene expression levels
in the interval training group were lower than the control group (P=0.01).

Discussion

It seems that the increase of deacetylases following exercise increases the expression of SIRT3 gene, which indicates the
improvement of mitochondrial function in diabetic rats with high- fat diet- induced obesity. In addition, exercises reduce
the need for insulin by increasing muscle mass and glucose transporters into the muscles, and finally moderate intensity
exercises can lead to an increase in HSP70 expression. But it seems that performing high-intensity exercises is also a
factor in increasing oxidative stress and injuries. Therefore, the reduction of HSP70 in this research can be caused by the
induction of oxidative stress caused by exercise.

Article message

Proving the role of mitochondrial biogenesis following intense interval and continuous moderate intensity trainings in the
heart tissue of rats was one of the strengths of the present research, which has been less discussed in previous studies in
the conditions of type 2 diabetes. Therefore, continuous and interval trainings seem to play a role in improving
mitochondrial function by increasing SIRT3 expression; However, due to the decrease in HSP70 levels following intense
interval trainings, it seems that more studies with the approach of cell damage following high intensity interval trainings
are needed.
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