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 Abstract 

Antioxidant supplements, such as melatonin, are employed 

to prevent oxidative stress during exercise. The objective of 

this study was to assess the antioxidant capacity of 

melatonin supplementation against oxidative stress induced 

by the weight loss observed during exercise. A cohort of 

forty male Wistar Albino rats was subjected to 10 days of 

jogging exercises. These rats were bifurcated into two 

groups based on the extent of weight loss incured. Within 

each group, two subgroups were demarcated. Subsequently, 

Melatonin (5 mg/kg) was administered to each subgroup in 

each group. The other subgroups were designated as control 

subgroups. Blood samples were collected after 10 d. 

Superoxide dismutase (SOD), total antioxidant status 

(TAS), glutathione peroxidase, melatonin, and 

malondialdehyde levels were analyzed in blood samples. 

SOD, glutathione peroxidase, TAS, and melatonin levels in 

the melatonin subgroup were higher than those in the control 

subgroup in the non-weight loss group. In contrast, the 

malondialdehyde levels were lower. Melatonin levels in the 

melatonin subgroup were higher than those in the control 

subgroup in the weight loss group. Conversely, the SOD and 

TAS levels were lower. In addition, there was a positive 

correlation between weight loss and malondialdehyde levels 

and a negative correlation with SOD, TAS, and melatonin 

levels. Melatonin (5 mg/kg) supplementation showed 

antioxidant capacity in exercise without weight loss, but was 

insufficient in exercise with weight loss. 
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INTRODUCTION 

More than two-thirds (71.6%) of  

the adult population in the United States  

are overweight or obese (1). Additionally, 

obesity is a growing global health issue (2). 

Numerous strategies have been proposed to 

address this health problem (1). Exercise is 

one of these strategies and holds significant 

potential for improving the health status of  

obese individuals (3,4). However, the  

clinical efficacy of exercise for weight  

loss remains a subject of much controversy 

(5). Exercise may induce an increase in 

oxidative stress, contingent on its duration 

and intensity. In an exceptionally intense 

exercise regimen, the entire body consumes 

approximately 20 times more oxygen than 

during normal rest, and this rate can escalate 

up to 200 times in the muscles engaged in the 

exercise (6). Oxidative stress is characterized 

by the imbalanced production of reactive 

oxygen species and the antioxidant defense 

systems  

striving to balance this unbalanced  

production (7). While these two components 

of the oxidative stress-related spectrum are 

equilibrated during regular moderate 

exercise, they shift unfavorably towards the 

overproduction of reactive oxygen species 

during acute and vigorous exercise (8). 

Melatonin exerts antioxidant effects by 

directly detoxifying reactive oxygen and 

reactive nitrogen species, and indirectly 

suppressing the activity of pro-oxidant 

enzymes while stimulating antioxidant 

enzymes. Additionally, apart from these 

well-defined effects, melatonin has been 

reported to chelate metals involved in 

Fenton/Haber-Weiss reactions. Melatonin’s 

distribution is uneven, with high 

concentrations found in mitochondria. 

Consequently, the intracellular distribution of 

melatonin aids its capacity  

to resist oxidative stress and cellular 

apoptosis (9). 

Administering antioxidant supplements 

immediately before or during a workout 

session can diminish muscle damage and  

oxidative stress markers. Supplementation 

with melatonin protects skeletal muscles 

against damage induced by oxidative  

stress, while blueberries with a high 

concentration of melatonin reduce oxidation 

(10). Melatonin supplementation 

demonstrates favorable effects in modulating 

oxidative stress. The intake of melatonin 

supplements prior to maximal running 

exercise may protect the athlete from damage 

caused by oxidative  

stress (11). 

This study aimed to investigate the 

effects of melatonin supplementation on 

exercise-induced oxidative stress. We also 

explored the impact of melatonin on 

oxidative stress associated with weight loss, 

which can be observed during exercise. 

Furthermore, our goal was to assess the 

relationship between the weight loss that can 
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be observed with exercise and antioxidant 

parameters. 

 

MATERIALS AND METHODS  

Groups and study design 

The experimental animals were provided 

by the Aydin Adnan Menderes University 

Medical Faculty Experimental Animal 

Center. Forty male Wistar Albino rats, 

weighing 380-465 grams were included in the 

study. The rats were housed in transparent 

polyester cages and given standard rat chow 

along with tap water throughout the study 

period. There were no dietary restrictions 

during the study period. The cage was 

cleaned every two days. The rats were 

divided inti two main groups, each having 

four subgroups. Group 1 consisted of rats 

without weight loss (n=20). This group was 

further divided into two subgroups: the 1C 

(Control) subgroup, which solely participated 

in exercised, and the 1M (Melatonin) 

subgroup, which received melatonin 

supplementation (5 mg/kg/day 

intraperitoneal) in addition to exercise 

(n=10). Group 2 comprised rats with weight 

loss (n=20). A niacin supplement  

(360 mg/kg/day oral gavage) was 

administered to this group because it  

aids in weight loss by increasing the 

nicotinamide adenine dinucleotide (NAD) 

content and energy consumption (12). 

Similar to Group 1, Group 2 was divided  

into two subgroups: the 2C subgroup,  

which exclusively participated in exercised, 

and the 2M subgroup, which received 

melatonin supplementation along with 

exercise (n=10). 

Procedures on rats 

The Ethics Committee decision required 

for the study was obtained from the Animal 

Experiments Local Ethics Committee Center 

of Aydin Adnan Menderes University 

(decision number 6453101). Throughout the 

study, the protocols adhered to the principles 

outlined in the Declaration of Helsinki (1964) 

regarding the treatment of experimental 

animals. All animal procedures were 

conducted at the Aydin Adnan Menderes 

University Medical Faculty Experimental 

Animals Center. The exercise protocol 

utilized was based on the model established 

by Keskin et al. (13). In accordance with this 

model,  

rats were subjected to treadmill exercise for 

15 min each day over a span of 10 days, at a 

speed of 20 m/min (equivalent to 1.2 km/h) 

on a level surface. The exercise apparatus 

employed was the Dynamic 503 (China).  

Niacin was obtained from Sigma-Aldrich 

(Missouri, USA) as a 100 g powder 

preparation. The solution dose was 

determined based on the study by Keskin 

(14). The niacin supplement (360 mg/kg/day) 

was administered orally, 30-45 minutes 

before exercise session. 

Melatonin was procured from Sigma-

Aldrich (Missouri, USA) in the form of a 1 g 
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powder preparation. The solution dose was 

established based on the study  

conducted by by Jitca et al. (8).  

Melatonin supplement (5 mg/kg/day)  

was administered intraperitoneally,  

30-45 minutes before to the exercise  

session. 

One day after the end of the  

10-day exercise, approximately 7 mL  

of blood samples were collected 

intracardially under anesthesia with  

induced by ketamine and xylazine. 

Biochemical processes 

All biochemical analyzes were 

conducted using a spectrophotometric 

method with a Biotek Epoch instrument 

(Canada). The method outlined in the  

study by Tastan et al. (15) was utilized  

as a reference for malondialdehyde  

analysis. Similarly, the methodology 

presented in the study by Sarikaya  

et al. (16) was employed as a reference  

for SOD analysis. The conversion of  

xanthine to uric acid is catalyzed by  

xanthine oxidase, which forms  

superoxide. When superoxides are  

formed, nitroblue-tetrazolium chloride  

forms formazan, a purple-colored  

compound. The color intensity  

was spectrophotometrically measured  

at a wavelength of 560 nm. The  

study by Bilgic et al. (17) was taken  

as reference for Glutathione peroxidase 

(GPX) analysis. The Rel Assay  

TAS Analysis Kit (Turkey) was used  

for TAS analysis. The Elabscience  

Rat Melatonin Assay Kit (United  

States) was used for melatonin  

analysis. 

Statistical analysis  

Statistical Package for the Social 

Sciences IBM (NY, USA) for  

Windows 22.0 program was employed for 

statistical analysis. The data of the groups 

were compared using an independent  

sample t-test. Pearson’s correlation  

analysis was performed to determine  

the correlation. Statistical significance  

was set at a threshold of 0.05. 

 

RESULTS 

Changes observed in body weights of rats  

The rats’ body weights were  

recorded daily during the entire study  

period. On the first day of the study,  

the means body weight of the rats in Group 1 

was 427.05 g, while in Group 2, it was  

404.10 g. On the final day of the study,  

the means body weight was 424.25 g in 

Group 1 and 390.85 g in Group 2.  

Notably, a significant weight loss was 

observed in Group 2 throughout the  

study, whereas Group 1 exhibited  

no significant weight change  

(Figure 1). Furthermore, within Group 2, 

subgroup 2M noticed a higher observed 

weight loss compared to subgroup  

2C (Figure 1). 



 

 

Ina. J. Med. Lab. Sci. Tech. 2023; 5(2): 112–122 

Recai Aci & Adem Keskin 
  

1
1

6
 

 
Figure 1. Weight loss observed in the groups 

 

Laboratory findings of the subgroups  

The SOD (p=0.001), TAS (p<0.001), 

GPX (p<0.001), and serum melatonin 

(p=0.002) levels of subgroup 1M were found 

to be higher than those of subgroup 1C. 

Moreover, malondialdehyde levels of 

subgroup 1M were found to be lower than 

those of subgroup 1C (p=0.003) (Table 1).  

 

Table 1. Subgroups within Group 1 Clarifies The Relationship Between The Subgroups and  

The Main Group 

Parameters 
Subgrup 1C 

X±SD 

Subgrup 1M 

X±SD 
p Effect Size 

MDA (µmol/L) 3.01±0.53 2.09±0.67 0.003 1.529 

SOD (U/mL) 8.74±1.08 12.52±2.57 0.001 1.917 

GPX (U/L) 526.00±99.54 1029.92±249.34 <0.001 2.654 

TAS (µmol Trolox Equiv./L) 797.61±44.2 1205.32±38.84 <0.001 9.800 

Melatonin (pg/ml) 135.72±26.81 189.09±39.85 0.002 1.571 
Abbreviations: Malondialdehyde (MDA), Superoxide dismutase (SOD), Glutathione peroxidase (GPX), Total 

antioxidant status (TAS). 

 

Serum melatonin levels of subgroup 2M 

were found to be higher than those of 

subgroup 2C (p=0.002). Moreover, SOD 

(p<0.001) and TAS (p=0.017) levels of 

subgroup 2M were found to be lower than 

those of subgroup 2C (Table 2).

 

Table 2. Subgroups within Group 2 Clarifies The Relationship Between The Subgroups and  

The Main Group 

Parameters Subgrup 2C 

X±SD 

Subgrup 2M 

X±SD 

p Effect Size 

MDA (µmol/L) 3.23±0.50 3.77±0.54 >0.05 - 

SOD (U/mL) 8.37±1.01 6.01±0.61 <0.001 2.831 

GPX (U/L) 1033.44±198.05 1152.33±313.19 >0.05 - 

TAS (µmol Trolox 

Equiv./L) 

1188.83±54.27 1113.56±72.11 0.017 1.179 

Melatonin (pg/ml) 142.80±24.80 189.71±31.48 0.002 1.655 
Abbreviations: Malondialdehyde (MDA), Superoxide dismutase (SOD), Glutathione peroxidase (GPX), Total 

antioxidant status (TAS). 
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In Group 1, where weight loss was not 

significant, melatonin supplementation led to 

increased SOD, GPX, TAS, and serum 

melatonin levels, accompanied by a 

decreased in malondialdehyde levels. 

Conversly, in Group 2, where weight  

loss was significant, melatonin 

supplementation, was associated with 

increased serum melatonin levels and weight 

loss, along with decreased SOD and TAS 

levels. 

Correlation analysis 

Correlation analysis was performed to 

determine the relationship between weight 

loss and malondialdehyde, SOD, GPX, TAS 

and serum melatonin levels. The 

malondialdehyde, SOD, GPX, and TAS 

levels in Group 2 where weight loss was 

significant were evaluated using correlation 

analysis. The serum melatonin levels in 

subgroup 2C were evaluated using 

correlation analysis between serum 

melatonin levels and weight loss. 

A positive correlation was found 

between malondialdehyde levels and weight 

loss. A negative correlation was found 

between weight loss and SOD, TAS, and 

serum melatonin levels (Table 3). 

 

Table 3. Results of Correlation Analysis between Analyzed Parameters and Weight Loss 

Parameters Correlation coefficient P 

MDA  0.853 <0.001 

SOD  -0.970 <0.001 

GPX  -0.286 >0.05 

TAS -0.878 <0.001 

Melatonin -0.956 <0.001 
Abbreviations: Malondialdehyde (MDA), Superoxide dismutase (SOD), Glutathione peroxidase (GPX), Total 

antioxidant status (TAS). 

 

DISCUSSION 

Obesity increases the risk of various 

health problems, including diabetes, arthritis, 

high blood pressure, cancer, stroke, and heart 

attack. Weight loss can reduce these risk 

factor. A healthy way to lose weight is to eat 

fewer calories and exercise regularly (18). 

While the benefits of exercise for weight loss 

are in the foreground, the potential harm 

arising from heightened oxidative stress due 

to the exercise’s duration and intensity should 

not be disregarded. Although this harm is not 

observed in short-term low-intensity 

exercises, they occur in acute, long-term, and 

high-intensity exercises (19). 

Antioxidant supplements are extensively 

used to mitigate the oxidative stress induced 

by exercise. Melatonin, α-lipoic acid, and 

vitamin E have shown promise in reducing 

markers of exercise-induced oxidative stress. 

However, evidence regarding their effects on 

endurance performance is either limited or 

inconclusive (20). Borges et al. concluded 

that SOD activity increased by 22% with 20 
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mg/dL melatonin supplementation, 

subsequently reducing exercise-induced 

muscle oxidative stress and inflammation 

(21). Another study demonstrated that 

melatonin supplementation of 25 mg/kg 

increased antioxidant activity while 

decreased tissue malondialdehyde and 3-

nitrotyrosine levels (22). Involving human 

participants, another study concluded that 

oral melatonin supplementation of 15 mg 

during high-intensity exercise effectively 

decreased oxidative stress levels, leading to 

significant increases in antioxidant enzyme 

activities and lowered lipid peroxidation 

levels (23). 

In this study, rats were exercised for 10 

days. Melatonin (5 mg/kg) was administered 

daily prior to exercise. In the non-weight loss 

group, the subgroup receiving melatonin 

supplementation exhibited higher SOD 

activity, GPX activity, TAS levels, and serum 

melatonin levels compared to the control 

subgroup. Conversely, malondialdehyde 

levels were found to be lower in the 

melatonin -supplemented group. 

In the weight loss group, the serum 

melatonin levels in the subgroup that 

administered melatonin supplementation 

were higher compared to the control 

subgroup. However, SOD and TAS levels 

were lower. On the other hand, the weight 

loss observed in the melatonin-supplemented 

subgroup was higher than in the control 

subgroup. In addition, the weight loss 

exhibited in this study indicated a strong 

negative correlation between SOD activity, 

TAS levels, and serum melatonin levels, 

along with a notable positive correlation 

between malondialdehyde levels. 

Numerous studies have explored the 

combination of melatonin with exercise. A 

study involving rats subjected to a 16-week, 

melatonin regimen highlighted the 

significant role of melatonin supplementation 

in facilitating the necessary metabolic 

adaptations prompted by aerobic exercise 

(24). Pobocik et al. reached the conclusion 

that moderate aerobic exercise could elevate 

melatonin production (25).  

In this study, although the serum 

melatonin levels were negatively correlated 

with weight loss, serum melatonin levels in 

the melatonin-supplemented subgroup of the 

weight loss group were higher than those in 

the control subgroup. However, the weight 

loss observed within the melatonin-

supplemented subgroup of the weight loss 

group exceeds that of the control subgroup. 

In a study on body weight with melatonin 

supplementation, obese rats were 

administered 30 mg/kg melatonin 

supplementation for three weeks. Another 

study reported that melatonin 

supplementation halved body weight gain 

and improved feed efficiency (26). In another 

study of obese people, it was concluded that 

3 mg/day melatonin supplementation did not 

significantly reduce weight and body mass 
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index, but reduced body fat mass percentage 

(27). A recent study shows that melatonin 

acts as a buffer for changes in body weight 

(28). In this study, a significantly higher level 

of weight loss was found in the melatonin 

supplement subgroup of the weight loss 

group than in the control subgroup.  

In this study, only glutathione peroxidase 

did not show any correlation among the 

parameters analyzed for weight loss. This 

absence of correlation was attributed to the 

niacin supplementation administered to the 

weight loss group. Niacin serve as a precursor 

to nicotinamide adenine dinucleotide 

phosphate, a cofactor required by the 

glutathione reductase enzyme within the 

glutathione redox cycle. Both glutathione 

peroxidase and glutathione reductase 

contribute to this cycle (29). In addition, 

when comparing the parameters of the 

subgroups of the weight loss group, no 

significant decrease was found in the 

glutathione peroxidase activity of the 

melatonin supplemented subgroup compared 

to that of the control subgroup. However, a 

significant decrease was observed in SOD 

and TAS levels in this subgroup. 

In a study focused on weight loss among 

obese children, significant reductions were 

observed in body mass index, waist-to-hip 

ratio and fat mass among the obese children 

compared to the control group. Conversely, 

malondialdehyde levels increased. 

Malondialdehyde were correlated with waist-

to-hip ratio, body mass index, and fat mass, 

and the oxidant status returned to normal 

after six months of dietary restriction (30). In 

this study, which lasted for 10 days, 

malondialdehyde was found to be correlated 

with weight loss. However, no significant 

difference was found in the comparison of 

malondialdehyde levels between the 

subgroups of the weight loss group. In 

addition, the melatonin-supplemented 

subgroup of the weight loss group showed a 

higher level of weight loss than the control 

subgroup. There was no significant 

difference in malondialdehyde levels due to 

the antioxidant effect of melatonin 

supplementation. SOD and TAS levels 

decreased in this subgroup despite melatonin 

supplementation. This suggests that SOD and 

TAS levels are engaged in counteracting the 

elevated oxidative state attributed to y 

malondialdehyde levels.  

Although there are numerous studies on 

the effect of melatonin supplementation on 

the prevention of exercise-induced oxidative 

stress, there is no consensus on this effect. 

These numerous studies are sufficient to 

indicate that melatonin ingestion is effective 

against oxidative stress, but are not sufficient 

to indicate recommendations for its safe dose. 

Clinical studies are required to determine the 

optimal melatonin (31). In this study, we 

determined that a melatonin supplementation 

5 mg/kg effectively countered exercise-

induced oxidative  
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stress when exercise did no lead to significant 

weight loss in rats. However, this dosage 

proved insufficient in scenarios whrere 

exercise induced substansial weight loss.  

Previous studies have not reached a 

consensus regarding the antioxidant 

properties of varied melatonin 

supplementation dosages. Hence, this  

study aimed to investigate the antioxidant 

effects of melatonin supplementation by 

forming two distinct groups, one with weight 

loss and one without.  

The study findings indicate that a 

melatonin supplementation of 5 mg/kg 

exhibited a significant antioxidant effect in 

exercises without inducing weight loss. 

However,  

this effect did not hold significant in 

exercises involving weight loss. These 

outcomes suggest a potential association 

between melatonin supplementation’s 

antioxidant properties and weight  

loss.  

Essentially, it implies that the antioxidant 

impact of melatonin supplementation may be 

inadequate in  

the face of heightened oxidative stress  

due to weight loss induced by exercise. 

Nevertheless, more extensive research is 

warranted, considering that this study  

solely examined a melatonin 

supplementation dosage of 5 mg/kg. A more 

precise understanding can potentially be 

gleaned from investigations into various 

dosages and diverse populations groups.  

No financial support was received  

for this study. The limitations of this  

study was that it was performed using a single 

dose. However, it can be a reference for 

similar studies to be performed with different 

doses in the future. 

 

CONCLUSIONS 

This study concludes that melatonin 

supplementation was sufficient to combat 

exercise-induced oxidative stress when  

no significant weight loss was observed. 

However, melatonin supplementation  

was not sufficient to combat exercise-

induced oxidative stress, when a significant 

weight loss was observed during exercise. 

This discrepancy may be attributed to  

the weight loss itself. Additionally, it  

was observed that melatonin 

supplementation resulted in increased weight 

loss, particulary in scenarios involving 

substansial weight loss  

during exercise.  

In addition, weight loss  

was positively correlated with 

malondialdehyde and negatively correlated 

with SOD, TAS and serum melatonin  

levels. Considering the circumstances  

of significant weight loss was during 

exercise, higher dosage of melatonin 

supplementation might offer effective 

assistance. 



 

Ina. J. Med. Lab. Sci. Tech. 2023; 5(2): 112–122  

Recai Aci & Adem Keskin 
1

2
1

 

AUTHOR CONTRIBUTIONS  

All authors contributed equally to this 

study (conceived and designed the analysis, 

collected the data, contributed data or 

analysis tools, performed the analysis,  

wrote the paper). 

ACKNOWLEDGEMENTS 

Not applicable. 

 

CONFLICT OF INTEREST 

There are no conflicts of interest.

 

REFERENCES 

1. Chen W, Liu X, Bao L, Yang P, Zhou H. Health effects 

of the time-restricted eating in adults with obesity: A 

systematic review and meta-analysis. Front Nutr. 

2023;10:1079250. DOI: 10.3389/fnut.2023.1079250.   

2. Celik O, Yildiz BO. Obesity and physical exercise. 

Minerva Endocrinol. 2020;46(2):131–44. DOI: 
10.23736/s2724-6507.20.03361-1.   

3. Schumacher LM, Thomas JG, Wing RR, Raynor HA, 

Rhodes RE, Bond DS. Sustaining regular exercise 

during weight loss maintenance: the role of consistent 

exercise timing. J Phys Act Heal. 2021;18(10):1253–

60. DOI: 10.1123/jpah.2021-0135.  

4. Melby CL, Paris HL, Sayer RD, Bell C, Hill JO. 

Increasing energy flux to maintain diet-induced 

weight loss. Nutrients. 2019;11(10):2533. DOI: 
10.3390/nu11102533.  

5. Lee C-H, Han K-D, Kim DH, Kwak M-S. Continuing 

regular physical activity and maintaining body weight 

have a synergistic interaction in improving survival: a 

population-based cohort study including 6.5 million 

people. Eur J Prev Cardiol. 2022;29(3):547–55. DOI: 
10.1093/eurjpc/zwab190.  

6. Yan K, Gao H, Liu X, Zhao Z, Gao B, Zhang L. 

Establishment and identification of an animal model 

of long-term exercise-induced fatigue. Front 

Endocrinol (Lausanne). 2022;13:915937. DOI: 
10.3389/fendo.2022.915937.  

7. Keskin A. Impact of polyphenolic compounds on the 

mapk signaling pathway against carcinogenesis. J Clin 

Pract Res. 2023;45(3):217–21. DOI: 
10.14744/etd.2023.94422.  

8. Jîtcă G, Ősz BE, Tero-Vescan A, Miklos AP, Rusz C-

M, Bătrînu M-G, et al. Positive aspects of oxidative 

stress at different levels of the human body: a review. 

Antioxidants. 2022;11(3):572. DOI: 
10.3390/antiox11030572.  

9. Guan Q, Wang Z, Cao J, Dong Y, Chen Y. 

Mechanisms of melatonin in obesity: a review. Int J 

Mol Sci. 2021;23(1):218. DOI: 
10.3390/ijms23010218.  

10. Canals-Garzón C, Guisado-Barrilao R, Martínez-

García D, Chirosa-Ríos IJ, Jerez-Mayorga D, 

Guisado-Requena IM. Effect of antioxidant 

supplementation on markers of oxidative stress and 

muscle damage after strength exercise: A systematic 

review. Int J Environ Res Public Health. 

2022;19(3):1803. DOI: 10.3390/ijerph19031803.  

11. Farjallah MA, Graja A, Ghattassi K, Ben Mahmoud L, 

Elleuch H, Ayadi F, et al. Melatonin ingestion 

prevents liver damage and improves biomarkers of 

renal function following a maximal exercise. Res Q 

Exerc Sport. 2022;1–11. DOI: 

10.1080/02701367.2022.2068792.  

12. Alegre GFS, Pastore GM. Nad+ precursors 

nicotinamide mononucleotide (nmn) and nicotinamide 

riboside (nr): Potential dietary contribution to health. 

Curr Nutr Rep. 2023;1–20. DOI: 10.1007/s13668-

023-00475-y.   

13. KESKİN A, Recai ACİ. Investıgatıon of lipid profile, 

malondialdehyde, sodium, potassium, chloride levels 

in rats with weight loss. Turk J Diab Obes. 

2022;6(1):10–5. DOI: 10.25048/tudod.935233.  

14. Keskin A. Effect of vitamin B3 supplementation on 

glutathione redox cycle. Eurasian J Biol Chem Sci. 

2022;5(1):1–4. DOI: 10.46239/ejbcs.1003863.  

15. Bal TT, Akaras N, Demir Ö, Ugan RA. Protective 

effect of astaxanthin and metformin in the liver of rats 

in which the polycystic ovary syndrome model was 

formed by giving letrozole. Iran J Basic Med Sci. 

2023;26(6):688. DOI: 
10.22038/IJBMS.2023.68032.14872.  

16. Sarikaya K, Kölükçü E, Unsal V, Özdemir S. 

Protective effects of syringic acid on ischemia-

reperfusion injury in testicular torsion: an 

experimental study in a rat model. Cureus. 2023;15(7). 
DOI: 10.7759/cureus.42390.  

17. Bilgiç Y, Kanat Bh, Özhan O, Yildiz A, Aksungur Z, 

Erdemli Me, et al. Does apocynin increase liver 

regeneration in the partial hepatectomy model? 

Turkish J Med Sci. 2023;53(3):647–58. DOI: 
10.55730/1300-0144.5627.  

18. Herzog W. Reflections on obesity, exercise, and 

musculoskeletal health. J Sport Heal Sci. 

2020;9(2):108. DOI: 10.1016/j.jshs.2019.11.004.  

19. Powers SK, Deminice R, Ozdemir M, Yoshihara T, 

Bomkamp MP, Hyatt H. Exercise-induced oxidative 



 

 

Ina. J. Med. Lab. Sci. Tech. 2023; 5(2): 112–122 

Recai Aci & Adem Keskin 
  

1
2

2
 

stress: Friend or foe? J Sport Heal Sci. 2020;9(5):415–

25. DOI: 10.1016/j.jshs.2020.04.001.  

20. Mason SA, Trewin AJ, Parker L, Wadley GD. 

Antioxidant supplements and endurance exercise: 

Current evidence and mechanistic insights. Redox 

Biol. 2020;35:101471. DOI: 
10.1016/j.redox.2020.101471.  

21. Borges L da S, Dermargos A, Junior EP da S, 

Weimann E, Lambertucci RH, Hatanaka E. Melatonin 

decreases muscular oxidative stress and inflammation 

induced by strenuous exercise and stimulates growth 

factor synthesis. J Pineal Res. 2015;58(2):166–72. 
DOI: 10.1111/jpi.12202.  

22. Cimen B, Uz A, Cetin I, Cimen L, Cetin A. Melatonin 

supplementation ameliorates energy charge and 

oxidative stress induced by acute exercise in rat heart 

tissue. Acta Cardiol Sin. 2017;33(5):530. DOI: 
10.6515/acs20170331a. 

23. Ochoa JJ, Díaz‐Castro J, Kajarabille N, García C, 

Guisado IM, De Teresa C, et al. Melatonin 

supplementation ameliorates oxidative stress and 

inflammatory signaling induced by strenuous exercise 

in adult human males. J Pineal Res. 2011;51(4):373–

80. DOI: 10.1111/j.1600-079X.2011.00899.x.  

24. Mendes C, Lopes AM de S, do Amaral FG, Peliciari‐

Garcia RA, Turati A de O, Hirabara SM, et al. 

Adaptations of the aging animal to exercise: role of 

daily supplementation with melatonin. J Pineal Res. 

2013;55(3):229–39. DOI: 10.1111/jpi.12065.  

25. Pobocik K, Rentzell S, Leonard A, Daye A, Evans E. 

Influence of aerobic exercise on sleep and salivary 

melatonin in men. Int J Sport Exerc Med. 2020;6:161–

7. DOI: 10.23937/2469-5718/1510161  

26. Overberg J, Kalveram L, Keller T, Krude H, Kühnen 

P, Wiegand S. Interactions between nocturnal 

melatonin secretion, metabolism, and sleeping 

behavior in adolescents with obesity. Int J Obes. 

2022;46(5):1051–8. DOI: 10.1038/s41366-022-

01077-4.  

27. Mohammadi S, Shakerhosseini R, Rastmanesh R, 

Jafarian K, Amiri Z, Jahangir F. Effects of melatonin 

supplementation on weight and body fat mass 

percentage in overweight or obese people. J Inflamm 

Dis. 2015;19(5):24–31. Available  from: 

http://old.tums.ac.ir/1394/06/04/JQUMS-v19n5p31-

fa.pdf-kdjafarian-2015-08-26-11-08.pdf  

28. Keskin A, Recai Aci, Duran U, Sugeçti S. 

Physiological and anti-obesity effects of melatonin 

and niacin supplements in rat models. Cauc J Sci. 

2021;8(1):27–37. DOI: 10.48138/cjo.934158.  

29. Makarov MV, Trammell SAJ, Migaud ME. The 

chemistry of the vitamin B3 metabolome. Biochem 

Soc Trans. 2019;47(1):131–47. DOI: 
10.1042/BST20180420.  

30. Mohn A, Catino M, Capanna R, Giannini C, 

Marcovecchio M, Chiarelli F. Increased oxidative 

stress in prepubertal severely obese children: effect of 

a dietary restriction-weight loss program. J Clin 

Endocrinol Metab. 2005;90(5):2653–8. DOI: 
10.1210/jc.2004-2178.  

31. Kruk J, Aboul-Enein BH, Duchnik E. Exercise-

induced oxidative stress and melatonin 

supplementation: current evidence. J Physiol Sci. 

2021;71:1–19. DOI: 10.1186/s12576-021-00812-2. 

 

 

 

 

 


