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Abstract

Aim: Alteration of cellular redox signal is effective in the incidence of diabetes and the
development of its complications, so the aim of this study was to investigate the effect of two
months high-intensity interval training with sodium citrate supplementation on intracellu
redox status and oxidative stress indices in the heart of diabetic rats. Methods:
interventional study was performed on 50 white male rats (3 months old) with weight ra
225-300 g in five groups: healthy control, diabetic control, diabetic-training, diabetic-so
citrate supplementation, and diabetic-sodium citrate supplementation-training. &
groups of training and training + supplementation performed interval training
of 90% of maximum running speed on a treadmill for 8 weeks, 5 days a week. |
exercise, the rats in the exercise+supplement group received 15 mm f
supplement in the form of water soluble daily. Oxidative stress indices
ELISA kit with a coefficient of variation of 15%. Data were analyz
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Extended abstract

Background

Type 2 diabetes (T2DM) is a complex disease that affects practically all organs and systems of the body and is closely related to obesity
and metabolic syndrome, and some researchers consider it an epidemic (2). High-intensity interval training (HIIT) has recently garnered
attention as a time-efficient means of improving glycemic control and cardiovascular health in patients with T2D (14). Significant
recent evidences suggest that cell reduction-oxidation (redox) imbalances lead to oxidative stress and the subsequent incidence and
development of diabetes and complications associated with the regulation of specific signaling pathways in B cell dysfunction and
insulin resistance (3). The desirable effects of regular exercise in improving cardiovascular disease are primarily the increase in
antioxidant activity and reduction in oxidative stress levels, which subsequently leads to the maintenance of redox balance and cellular
homeostasis (15). Exercise-induced adaptations with activation of different signaling pathways that converge in the activation of
transcription factors such as Nrf2, NF-kB, and PGC-1 cofactor (59). Activation of Nrf2, NF-kB, and PGC-1f through exercise leads
to an increase in the content and activity of enzymes such as Superoxide dismutase (SOD), Catalase (CAT), and Glutathione peroxidase
(GPx). In addition, it increases glutathione levels in tissues, increases plasma antioxidant capaci promotes mitochondrial
biogenesis, thereby improving antioxidant defense and decreasing levels of biomarkers of oxidative stress (59).There is limited
evidence on the effects of HIIT on markers of oxidative stress in patients with T2DM . However, t i
different methods of controlling the volume and intensity of exercise in the reviewed studie:

usions about the
this regard are
eart structure in

; reduces fatty acid
ry capacity and mechanical
ironments is determined by

inevitable. However, there is some evidence that HIIT had a greater positive effect on
T2DM rats compared to moderate-intensity training. (31), which proposes the use of H

the rate of production and neutralization of active species that are strongly a: ,
incidence of diabetes in the world due to lifestyle changes is associated w ) ications such as cardiovascular
diseases in which several mechanisms such as, increased oxidative str : elopment (28). Aerobic exercise training
has been reported to have metabolic benefits and positive cardioya e ith type 2 diabetes (23). On the other
hand, antioxidant therapy is effective in preventing the devel ons in diabetics. However, research on
antioxidant supplements has not shown the same effect and has ative effects (3). However, the various exercises
and different methods of controlling the volume and integsi prevent definitive conclusions about the effectiveness of
high-intensity training (HIIT) in diabetic patients (T2D inyestigate the effect of two months of high-intensity
interval training with sodium citrate supplementatiQ
rats.

Methodology: In this experimental study, Fifty white
and divided into five groups: healthy control, diabetic con
sodium citrate supplementation-training (n=10).

Training protocol: Rats in the and training + the supplémentation groups performed interval training with an intensity of

hree months old with weight ranged (225-300 g) was bought
raining, diabetic-sodium citrate supplementation, and diabetic-

90% of maximum gunning speed ill for eight weeks, ays a week. HIIT training was performed with an intensity of
90% of maxim minutes and with 1-miute active rest intervals with an intensity of 50% maximum
running spe ed at a speed”of 11 meters per minute and was added every two minutes at a
speed equi on to the exercise, the rats in the training +supplement group also performed the
same training proto oup received 15 mmol/L of sodium citrate supplement in water soluble form three

(GSSG), superoxide dismuta
with a coefficient of variation o .
Statistical methods: ShapiroWilk test was used for investigation of the normality of data distribution and Leven test was used to
check the homogeneity of groups’ variance. One-way analysis of variance (ANOVA) and LSD post hoc test was used for comparison
of dependent variables between groups. Significance level was considered as P < 0.05 and statistical software was SPSS version 26.

SH /GSSG)) were measured using the ELISA kit of BioSource Company of the United States

Results: There was a significant difference between the healthy and diabetic groups in the levels of GSH, GSSG «GSH/GSSG, SOD
(p<0.05). The level of GSH, GSH/GSSG, and SOD were lower in high-intensity interval training compared to diabetic control group
(p<0.05) but sodium citrate supplementation significantly increased the level of these variables in diabetic rats. Significant reduction
in the level of GSSG was observed in the diabetic-supplement and diabetic-supplement-exercise groups, compared to the diabetic-
exercise and control-diabetic groups (p<0.05). The difference in the means showed that this decrease in GSSG level was more in the
diabetic-supplement-exercise group compared to the other diabetic groups.
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Discussion and conclusion: The results of the present study showed that high-intensity interval training with 90% intensity and
maximum running speed can increase oxidative stress indices in the heart of diabetic rats, and the use of sodium citrate supplementation
with these exercises seems to be necessary. Animal studies have shown that heavy exercise stimulates the activity of antioxidant
enzymes in striated muscles and, to a lesser extent, in cardiac tissue, and the amount of change in these parameters probably depends
on training status and the type of muscle fibers involved (36).

Conclusion: It can be concluded from the results of the present study that high-intensity interval training with 90% of the
maximum running speed in diabetic rats increases the oxidative pressure in their hearts. However, oxidative stress indices
were reduced with sodium citrate antioxidant supplementation and cellular redox status was improved in diabetic patients.

Article message: According to the results of this research, it is recommended that high-intensity interval training be
performed with caution by diabetic people and with consumption of sodium citrate supplementation or other antioxidant
supplements.

Keywords :high-intensity interval training, Glutathione disulfide, superoxide dismutase <Oxidative stress.
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