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Abstract

Aim: Oxidative stress in different organs is the main challenge for athletes who undergo
strenuous training. This study investigated the effect of curcumin supplementation along with
HIIT on the antioxidant balance of skeletal muscle, heart, and liver in male Wistar rats.
Methods: Forty two male Wistar rats aged six-eight weeks, after one week familiarization
period, were randomly divided into 6 groups; Control, Curcumin, 48hrs Curcumin, HIIT,
HIIT+Curcumin, and HIIT+48hrs Curcumin. HIIT training (8 weeks, 5 sessions a week) carried
out on a rodent treadmill. Curcumin supplement (30 mg/kg.BW) injected Intraperitoneally (eight
weeks, three times a week; or last 48 hours, every 8 hours) in the supplemented groups .GPX
activity was measured by Elisa Kit and the MDA level was assessed by spectrophotometric
method. Results: One-way ANOVA results showed that GPX activity of the HIIT group in
skeletal muscle, heart, and liver were significantly (P<0.05) lower, and MDA levels of the heart
were significantly (P=0.001) higher than the control group. Also, GPX activity of skeletal
muscle (P=0.001), heart (P=0.004), and liver (P=0.029) in the HIIT+curcumin and HIIT+48hrs
curcumin group of the heart (P=0.008) were significantly higher than HIIT group. MDA levels
of heart in the HIIT+curcumin (p=0.001) and HIIT+48hrs curcumin (P=0.001) groups were
significantly lower than the HIIT group. Conclusion: In spite of different oxidative stress
responses of tissues to the HIIT training, curcumin supplementation during the last 48 hours of
strenuous HIIT, as well as during eight weeks, could prevent oxidative stress, and improves
antioxidant capacity.
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Extended abstract
Background

Strenuous exercise training is associated with increases in oxygen uptake (1). The oxygen consumption by cells and
organelles such as mitochondria increases following exercise training and leads to the production of ROS (reactive oxygen
species) (2). Production of ROS more than the endogenous antioxidant defense system induces oxidative stress and results
in the destruction of cell structures and the breakdown of the oxidation reactions of polyunsaturated fatty acids (3).
Malondialdehyde (MDA) is the most important indicator of lipid peroxidation and oxidative damage to cell membranes
(4). It seems that ROS generation differs in various tissues (5). Loss of oxidative balance in athletes can reduce exercise
effectiveness and impair adaptation to exercise (6). Todays, attempts to find natural supplements for overcoming ROS
generation induced by strenuous high-intensity interval training (HIIT) and the whole-body oxidant situation are
increasing. Previous studies showed that curcumin has anti-inflammatory and antioxidant effects (7). Therefore, the
purpose of this study was to investigate the effect of intake duration of curcumin on lipid peroxidation (Malondialdehyde-
MDA) and antioxidant capacity (Glutathione peroxidase-GPX enzyme activity) of the liver, heart, and skeletal muscle
during eight weeks of HIIT in male Wistar rats.

Methodology

In this experimental study, forty two male Wistar rats (age= eight weeks; weight= 226.76+18.64 g) were supplied by
Pasteur Institute, after one week familiarization period, were randomly divided into six groups; Control (h=6), Curcumin
(n=6), 48hrs Curcumin (n=6), HIIT (n=8), HIIT+Curcumin (n=8) and HIIT+48hrs Curcumin (n=8). HIIT (eight weeks,
five sessions a week) was performed on a rodent treadmill. The training program in the first week included 10 periods
(one-minute) of running at a speed of 30 to 45 meters per minute. There was two minutes of active rest (with a speed of
eight meters per minute) between each period. In the last three weeks, the training speed reached to 75 to 85 meters per
minute for one minute with seven sets and three to four minutes rest intervals.

Rats in Curcumin, 48hrs Curcumin, Endurance+Curcumin, and Endurance+48hrs Curcumin groups, received a curcumin
supplement (30 mg/kg.bw) by intraperitoneal injection (eight weeks, three sessions or last 48 hours, every 8 hours) (7).
Animals were sacrificed 48 hrs after the last training session. Rats were alternately sacrificed from each group to prevent
interferences of the circadian rhythm of hormonal secretion on results. Tissues were collected under the sterilized situation
and were frozen in liquid nitrogen (-196°C) immediately; then stored at -80°C. According to the method of Kaya et al.
2009 (8), GPX activity assayed by Elisa kit (GPX Elisa Kit, Randox Rat- cat number: RS 505); and MDA levels assessed
by the spectrophotometric thiobarbituric acid reactive substances (TBARS) test.

All data were analyzed using the one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test for
comparisons between groups. The statistical significance was set at P<0.05. The ethical guidelines approved by the
Institutional Animal Ethics Committee of the University of Zanjan, and the laboratory conditions were maintained
according to the university’s guidelines for care.

Results: One-way ANOVA showed that GPX activity of muscle, liver, and heart was significantly lower in the HIIT
group in compared with the control group(p=0.001). Also, GPX activity of muscle (p=0.001), liver (p=0.029), and heart
(p=0.004) in the HIIT+curcumin was significantly higher than HIIT group. However, HIIT+48hrs curcumin had no
significant effect on GPX. Furthermore, there were no significant differences in MDA levels of muscle (p=0.287) and
liver (p=0.789) among the groups. In contrast, ANOVA results showed significant changes in MDA levels of heart tissue
(0.002). HIIT elevated MDA levels significantly compared to the control group (p=0.001). on the other hand, curcumin
supplementation lowered MDA levels in the HIIT group (p=0.001). In addition, MDA levels in HIIT+curcumin and
HIIT+48h curcumin groups were significantly lower than HIIT group (p=0.001). Moreover, there were no significant
differences in GPX activity and MDA levels between HIIT+curcumin and HIIT+48h curcumin in all tissues.

Discussion and conclusion

This study showed that the oxidative reaction of different tissues to similar physical activity might be different. The basal
metabolic rate of the heart is about 100 times more than the liver. This differences highlights the heart sensitivity to high-
intensity interval training and the necessity of careful exercise programming for people with special conditions. According
to the researchers, these different training effects may be due particular cellular locations (where reactive oxygen species
are created) and the various essential antioxidant capacity of particular tissues (9). Skeletal muscle has the lowest amount
of antioxidant enzymes; oxygen transport to this tissue may increase up to 100 times during intense training. Other
findings demonstrated that curcumin supplementation during interval training can reduce interval training-induced
oxidative stress in the heart, liver, and skeletal muscle tissues. Curcumin consumption during the last 48 hours of interval
training can also increase the level of antioxidant enzymes and reduce the stress caused by interval training in heart tissue.
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Curcumin can prevent the improvement of oxidation by providing a hydrogen atom and trapping and stabilizing a variety
of free radicals such as peroxide radicals. Also, curcumin can play its antioxidant role by complexing some intracellular
metals such as iron and copper (which have an oxidizing role in the cell), and increasing the activity of the intracellular
glutathione peroxidase enzyme by direct eliminating free radicals (10). Considering the apparent effects of curcumin
consumption in improving the antioxidant balance in the heart compared to the skeletal and liver tissues in the present
study, it seems that the mechanism of this stronger effect, relates to greater use of oxygen in the heart, even during the
rest intervals, and therefore, the production of more free radicals in this tissue compared to the other two tissues.

Conclusion

High-intensity interval training causes an antioxidant imbalance and creates oxidative stress in the body. Depending on
the type of tissue, the amount of produced stress is different. Based on the results of this study and considering that athletes
have to perform HIIT, in order to maintain the antioxidant balance of muscles, liver, and especially the heart, curcumin
supplementation during the training period and even in the last 48 hours of the training period can be a beneficial solution
during the performing high-intensity interval training.

Avrticle Message: Using curcumin, independent of intake duration, is beneficial especially for heart tissue in athletes with
high intensity interval training.
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