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ABSTRACT

Objective: Obesity and overweight are major global public health concerns. Obesity-related
diabetes leads to mitochondrial dysfunction in adipocytes and promotes inflammation. The
present study aimed to investigate the effect of interval training on the expression levels of
Humanin and MOTS-c genes in obese diabetic mice.

Methodology: Thirty-two C57BL/6 mice with a mean weight and standard deviation of 20.7 £+
1 g were selected. After consuming a high-calorie diet and becoming obese (mean weight and
standard deviation of 30.95 £ 3.20 g), they were divided into three groups: control, diabeticand
interval training. Diabetes was induced via intraperitoneal administration of streptozotocin
(STZ) for eight weeks. The interval training protocol consisted of 30 minutes of exercise, with
intensity progressively increasing from 50% to 60% during low-intensity intervals and 85% to
90% during high-intensity intervals. One-way analysis of variance (ANOVA) and Tukey's post
hoc test were used to evaluate the data.

Results: The results indicated that Humanin and MOTS-c gene expression levels in the interval
training group significantly decreased compared to the control group and significantly increased
compared to the diabetic group (p < 0.001).

Conclusion: In the context of obesity-related diabetes, interval training likely mitigates
obesity-related inflammatory and detrimental factors in adipose tissue by enhancing the
expression of Humanin and MOTS-c genes.
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Extended Abstract

Introduction and State of Problem
Obesity is one of the most important causes of chronic diseases such as diabetes, hypertension,
cardiovascular diseases and various cancers. With the increase in fat mass, the process of tissue
nutrition changes with the adaptation process caused by atherogenesis and angiogenesis. If fat
weight is reduced and muscle mass is developed as a result of sports activities, this situation
causes an increase in the capillary network. Vascular endothelial growth factor (VEGF) is the
main mediator of angiogenesis (4). Exercise training is considered as a stimulus for the
processes of angiogenesis and capillary density (9). Consumption of energy supplements such
as arginine and caffeine also has an effect on this process. High-intensity exercise, by
stimulating HIFs and compensating for cellular oxygen deficiency in fat cells, exacerbates
diabetic phenotypes with inflammation and fibrosis of adipose tissue (10). Studies have shown
the effectiveness of endurance training compared to resistance training; however, the effect of
taking supplements is a new approach. The aim of the present study was to investigate the
interactive effects of ten weeks of aerobic-resistance training and combined supplementation (L-
carnitine, caffeine, and L-arginine) on blood HIF-1a and VEDF in inactive obese men.
Methodology
In this study, 28 subjects (age 37.02+3.89 y, height 1.744+0.66 m, and BMI 34.04+1.24 kg/m2)
were divided into three groups: 1): combined exercise/supplement (n: 10), 2): exercise/placebo
(n: 9), and 3): combined exercise (n: 9). A combined supplement capsule (caffeine 200 mg + L-
carnitine 1000 mg + L-arginine 1000 mg) was prepared in Sobhan Pharmacy Laboratory, Rasht,
and consumed with a glass of water, half an hour before the test. The training consisted of 10
weeks, 3 sessions per week, and each session consisted of 60 minutes consisting of 30 minutes
of treadmill running at an intensity of 55-75% of maximum heart rate and 30 minutes of
resistance training at an intensity of 50-70% of one repetition maximum. In the first two weeks
(three sessions per week), the time and intensity of the activity were constant to allow
adaptation to resistance training and to minimize muscle soreness and damage (14). In this
preparation phase, the subjects performed 1 set of 10 repetitions of leg press, chest press, and
shoulder press at 40% 1-RM. The intensity of aerobic exercise was based on a percentage of
maximum heart rate (HRmax), and 1-RM was measured and calculated using the equation
proposed in the Brzeski method. Serum VEGF and HIF-1a concentrations were measured with
an ELISA kit. For comparison between groups, MANCOVA and Bonferroni tests were used.
Statistical analysis was performed at the p<<0.05 level using SPSS version 26.
Results
Regarding changes in HIF-1a (p=0.001) and VEGF (p=0.021) levels, the results of the effect
(time/group) showed that there was a significant difference between the exercise/combined
supplement and exercise/placebo groups in HIF-1a levels (p=0.023) and the exercise/combined
supplement and combined supplement in VEGF levels (p=0.023).
Table 1. Table Table
Variabel Mean Standard Deviation Significance Level
Age 22.1 54 0.05
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The change in VEGF and HIF-1a levels in this study indicated that the vasodilatory effect of
arginine, in addition to or in conflict with the stimulating effect of caffeine, was able to
stimulate the angiogenesis process, increase blood flow to the tissues, and as a result, by
activating the mechanism of nitric oxide action, meet the energy needs of muscle tissue,
especially oxygenation, through lipolysis and beta-oxidation in interaction with L-carnitine.
Combined exercises, in addition to the effects related to muscle growth of supplements that lead
to sarcoplasmic hypertrophy, probably caused an increase in muscle mass because, in addition

to aerobic exercises, a resistance training program was also implemented and its effect on
increasing the cross-sectional area and hypertrophic adaptations of the muscle and increasing
the resting metabolic rate has been confirmed (15). This point is in the change of angiogenic
factors and indicators such as VEGF and HIF-la as a result of performing ten weeks of
combined training and taking a mixture of supplements, which arginine consumption probably
increased the level of NO-, and this nitric oxide plays a major and essential role in the
proliferation of endothelial cells and is an important mediator for some substances that stimulate
the growth of the endothelium such as VEGF and prostaglandins (17). According to the
findings, simultaneous performance of aerobic-resistance training and taking a combined
supplement of L-arginine-caffeine and L-carnitine can lead to an increase in VEGF and HIF-1a
levels in inactive obese adults. Performing resistance and aerobic training along with taking
these supplements probably stimulated the endothelial membrane and increased intracellular
aerobic function and capillary density during ten weeks of combination exercise training and
ergogenic supplements.
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