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Abstract

Aim: Obesity causes chronic inflammation, and inflammation causes insulin resistance in type 2
diabetes mellitus (T2DM). Thus, the aim of the present study was to investigate the effect of eight
weeks of high-intensity interval training and moderate-intensity continuous training with quercetin
supplementation on the gene expression of PLIN2 and ATGL in the liver of diabetic obese rats.
Methods: Forty two male Wistar rats at 8 weeks of age were purchased, and 36 of these animals
were induced with T2DM after 8 weeks of high-fat diet. The rats were divided into the following
groups (n=6): healthy control, diabetic control, diabetic quercetin supplementation, high-intensity
interval training with diabetes (HIIT), moderate-intensity continuous training with diabetes
(MICT), HIT training with quercetin, and MICT training with quercetin. For one training group,
8 weeks of HIIT training and for the other 8 weeks of MICT training on the treadmill were
performed. Seventy two hours after the last training session, liver tissues was isolated to check
gene expression of PLIN2 and ATGL. Two-way analysis of variance with Tukey's post-hoc test
(with a significance level of P<0.05) was used to analyze the data.

Results: After 8 weeks of intervention, a significant difference was seen only in the level of ATGL
gene expression between four training groups (P=0/001), so that in HIIT and MICT training groups
with quercetin its levels was statistically more than two other training groups with the significant
levels of (P=0/001) and (P=0/015), respectively. Conclusions: Apparently, the implementation of
both types of exercise has an effect on ATGL and PLIN2 gene expression, and when exercise is
combined with quercetin, this supplementation can indirectly affect ATGL gene expression in
T2DM conditions by controlling blood levels.

Keywords: Moderate intensity continuous exercise, high intensity intermittent exercise, liver,
type 2 diabetes mellitus.
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Extended abstract

Background

About 462 million people around the world are suffering from Type 2 diabetes mellitus (T2DM), and more than one
million people die every year (4). Increased physical activity and inflammation control are associated with reduced risk
of T2DM and obesity (5). Regular physical activity not only helps prevent T2DM, but also can improve diabetes-related
indicators such as body mass index (BMI), blood glucose, insulin sensitivity, lipid profile, oxidative stress/antioxidant
capacity, and improve oxidative or chronic inflammation (6,7). Therefore, increasing daily physical activity and structured
exercise programs are recommended in the treatment of T2DM (7). On the other hand, it has been proven that medicinal
plants are also very common in the treatment of diabetes (8). In many studies, flavonoids are known as the strong natural
antioxidants in improving T2DM and prevent cardiovascular complications (10). PLINZ2 is the most abundant member of
the PLIN protein family in rat and human liver and its expression is strongly related to the severity of steatosis (16-18).
Adipose triglyceride lipase (ATGL), is effective in the amount of fat reserves, and it is responsible for breaking down fat
reserves into free fatty acids (FFA) and glycerol (22). Thus, the aim of the present study was to investigate the effect of
eight weeks of high-intensity interval training and moderate-intensity continuous training with quercetin supplementation
on the gene expression of PLIN2 and ATGL in the liver of diabetic obese rats.

Materials and Methods

The present research is an experimental type, using a laboratory method with a post-test design, and the samples were
male Wistar rats. Thus, 42 male Wistar field rats aged 8 weeks were purchased from Ardabil University Animal Care
Center as a research sample. Thirty six of these animals were induced with diabetes after 8 weeks of high-fat diet and
familiarization with laboratory environment and treadmill. Rats were divided into 7 groups: healthy control, diabetic
control, diabetic quercetin supplementation, high-intensity interval training with diabetes (HIIT), moderate-intensity
continuous training with diabetes (MICT), HIIT training with quercetin (DTQH), and MICT training with quercetin
(TDQM). All rats were under controlled conditions with free access to water and special rat food. In this way, the average
ambient temperature was 22+3 degrees Celsius and the light-dark cycle was 12:12 hours.

Training protocols

The HIT protocol consisted of 8 weeks of the treadmill exercise program with a frequency of 5 times a week, totaling 40
training sessions. Before and after of each HIIT sessions, rats underwent the treadmill exercise for 5 min at 10 m/min
warm-up and cool-down. HIIT sessions consisted of 7—10 exercise bouts with an intensity between 80- 95% of MAS
which followed by 60 s active recovery with an intensity of 45-50% of MAS. MICT protocol consisted of a 10-min
warm-up to 33-49% of the rat’s maximal aerobic speed (MAS), followed by 50 min of running at 65% of MAS.

Resveratrol Administration

The quercetin used in this study was purchased in powder form from Sigma with a purity of 85% and was used at a dose
of 15 mg/kg and as a suspension in carboxymethyl cellulose (CMC) at a concentration of 0.5% and the same amount of
normal saline was injected into the other groups.

Assessment of studied factors

RNA extraction was done using the total RNA extraction kit reagent according to the manufacturer's instructions (Pars
Toss, Iran). After extracting RNA, Real-time PCR was used to measure the expression of mRNA by the Lava 96 Real-
time PCR Detection System (Daan Gene Co Ltd), and the kit used in the research was also 2X SYBR Green Real Time
PCR (Pars Toss, Iran).

Statistical analysis

Data of this research was analyzed using SPSS version 26 statistical software. The Shapiro-Wilk test (with a significance
level of P< 0.05), and two-way analysis of variance with Tukey's post hoc-test (with a significance level of P<0.05) were
used respectively, to check the normality of the data and to compare groups.
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Results

The results of the two-way analysis of variance statistical test showed that there was a significant difference only in the
level of ATGL gene expression between four training groups (P=0/001), so that increase in ATGL gene expression in HIT
and MICT training groups with quercetin was higher than the other two training groups without quercetin (P=0/001) and
(P=0/015). In addition, in comparison between all groups there was a significant difference for both PLIN2 and ATGL
gene expression of rat liver tissue, and blood glucose levels between 6 groups with significant levels (P=0.001), (P=0.001)
and (P=0.001), respectively. Induction of T2DM for PLIN2 and ATGL indicators, respectively increased PLIN2
(P=0.001), and decreased ATGL gene expression (P=0.001) in the liver tissue. In addition, blood glucose levels increased
significancy which is the result of comparing the DC group with the HC group. The results of Tukey's post-hoc test for
PLIN2 gene expression showed a significant decrease for DTH, DTM, DTQH and DTQM groups compared to the DC
group with a significant level of (P=0.001), (P=0.001), (P=0.001) ) and (P=0.001), respectively. No significant difference
has been observed for the DQ group compared to the DC group (P=0.145). In addition, there was no significant difference
between the four training groups with each other (P<0.05). The results of Tukey's post-hoc test for ATGL gene expression
showed a significant decrease for DTH, DTM, DTQH and DTQM groups compared to the DC group with a significant
level (P=0.001), (P=0.001), (P=0.001) ) and (P=0.001), respectively. No significant difference has been observed for the
DQ group compared to the DC group (P=0.759). The results of Tukey's post-hoc test showed that 8 weeks of quercetin
injection alone and combined with HIIT and MICT training controlled blood glucose levels of diabetic rats (P<0.05).
Also, there was a significant difference in blood glucose levels between the two training groups that were supplemented
with quercetin injection compared to the two training groups (P<0.05).

The results showed that high-fat diet and STZ injection increased PLIN2 gene expression, and decreased ATGL gene
expression in the liver of diabetic rats, and performing HIT and MICT exercises with and without quercetin
supplementation improved their gene expression levels. It should be noted that for ATGL, there was a difference between
training groups with and without supplementation, and the improvement in gene expression levels was greater for the
groups that had exercise training with supplementation at the same time. Regarding the injection of quercetin supplement
in the QD group, a decrease in blood glucose levels was observed after 8 weeks of injection of this supplement, although
the improvement of gene expression levels of the two mentioned indicators was observed, but it did not have a significant
effect on the amount of changes of these two indicators, which may be related to the dose of quercetin used in this study.

Article message

In general, it can be stated that the injection of quercetin supplement for 8 weeks has controlled the blood glucose levels
of rats. Apparently, when exercise combined with the injection of quercetin the gene expression changes of ATGL is
more than when the exercise was performed alone.

Keywords: Moderate intensity continuous exercise, high intensity intermittent exercise, liver, type 2 diabetes mellitus.
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