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Abstract 

Study Purpose. This study aims to analyze the effect of physical exercise on increasing 
glutathione peroxidase as a biomarker for endogenous antioxidants. Materials and methods. 
This type of systematic review research uses searches from journal databases such as 
MEDLINE-Pubmed, Web of Science, Scopus and Science Direct. The inclusion criteria in this 
study were articles published in the last 5 years and articles discussing glutathione peroxidase, 
physical exercise and antioxidants. A total of 95 articles from the Science Direct, Pubmed, and 
Web of Science databases were identified. A total of 10 articles that met the inclusion criteria 
were selected and analyzed for this systematic review. For standard operations, this study 
followed the Preferred Reporting 
 Items for Systematic Reviews and Meta-Analyses (PRISMA) assessment. Results. This 
systematic review reports that physical exercise has been shown to increase levels of 
glutathione peroxidase as a marker of endogenous antioxidants. Conclusions. Physical exercise 
has been proven to increase glutathione peroxidase levels as a marker of endogenous 
antioxidants. This increase is triggered by ROS which is a physiological response to exercise. 
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Resumen 

Objetivo del estudio. Este estudio pretende analizar el efecto del ejercicio físico sobre el 
aumento de glutatión peroxidasa como biomarcador de antioxidantes endógenos. Materiales y 
métodos. Este tipo de investigación de revisión sistemática utiliza búsquedas en bases de datos 
de revistas como MEDLINE-Pubmed, Web of Science, Scopus y Science Direct. Los criterios de 
inclusión en este estudio fueron artículos publicados en los últimos 5 años y artículos que 
trataran sobre la glutatión peroxi-dasa, el ejercicio físico y los antioxidantes. Se identificaron 
un total de 95 artículos de las bases de datos Science Direct, Pubmed y Web of Science. Se 
seleccionaron y analizaron para esta revisión sistemática un total de 10 artículos que cumplían 
los criterios de inclusión. Para las operaciones estándar, este estudio siguió la evaluación 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Resultados. 
Esta revisión sistemática informa de que se ha demostrado que el ejercicio físico aumenta los 
niveles de glutatión peroxidasa como marcador de antioxidantes endógenos.  Conclusiones. Se 
ha demostrado que el ejercicio físico aumenta los niveles de glutatión peroxidasa como 
marcador de antioxidantes endógenos. Este aumento está provocado por las ERO, que son una 
respuesta fisiológica al ejercicio. 
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Introduction

Physical exercise triggers oxidative stress which is evidenced by an increase in ROS (reactive oxygen 
species) (Shamsnia et al., 2023). During physical exercise, the oxygen demand increases 20-100 times 
from normal so that the oxygen supply cannot fulfill the body (Wang et al., 2021). The body's ROS are 
hydrogen peroxide (H2O2), hydroxyl radical (OH-), and superoxide anion (O2-) which has an important 
role in cellular physiological mechanisms during stress triggered by physical exercise (Saberi et al., 
2024). Skeletal muscle has an important role during exercise, namely playing a level of ROS formation 
that has an impact on the continuity of muscle maintenance, increasing muscle strength, cellular signal 
transduction, and gene expression, whereas if ROS is too excessive it will interfere with muscle 
contraction and the continuity of muscle performance (Wang et al., 2021). If the level of ROS production 
is excessive during physical exercise, it will trigger oxidative stress (Wibawa et al., 2021).  

ROS are involved in many cell reactions when biological conditions are normal, such as signal 
transduction between organelles, regulation of energy systems and metabolism in mitochondria, and 
regulation of gene expression. However, excessive levels of ROS in the body can also negatively impact 
biomacromolecules in cells, causing lipids, proteins, and nucleic acids to break down, aging cells, and 
muscle cell death—physiological reactions that happen during physical activity (Mendes et al., 2023). 
Moreover, a variety of cytokines that are stimulated by exercise-induced muscle injury can activate 
neutrophils and macrophages, which increases the generation of reactive oxygen species (Wang et al., 
2021).  ROS also affect the release of Ca2+ ions in sarcoplasmic reticulum organelles which can reduce 
myofibril sensitivity and subsequently affect muscle contraction performance (Magherini et al., 2019). 
Excessive exhaustive exercise with high intensity can trigger a significant increase in malondialdehyde 
(MDA) levels as one of the biomarkers of oxidative stress (Joanisse et al., 2021).  

Physical exercise in recent decades has provided knowledge as a preventive effort in improving public 
health and preventing Parkinson's disease (Souza et al., 2022). Patients with diabetes, cardiovascular 
disease, depression, and metabolic syndrome might benefit from regular exercise as well (Korivi et al., 
2023). By exercising, the body will increase antioxidant levels which provide beneficial effects that can 
reduce the occurrence of oxidative stress (Wibawa et al., 2021). Superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GPX) are examples of endogenous antioxidants that are expressed 
in skeletal muscle. On the other hand, exogenous non-enzymatic antioxidants include vitamin E, vitamin 
C, polyphenols (flavonoids, tannins), and carotenoids (Wouda et al., 2023). Type, intensity, duration of 
physical exercise provide redox changes in body homeostasis (Bellafiore et al., 2019). Reactive oxygen 
species are produced in greater amounts during prolonged, intense aerobic and anaerobic exercise 
(ROS) (Bellafiore et al., 2021).  

Glutathione peroxidase (GPx) belongs to a significant family of selenium-containing endogenous 
antioxidant enzymes in mammals (Zhao et al., 2019). As part of its operational mechanism, GPx catalyzes 
the conversion of H2O2 or hydrogen peroxide to H2O or water, collaborating with SOD and CAT and 
other antioxidants (Zhao et al., 2019). By transforming H2O2 into H2O, the antioxidant response's 
presence as a catalyst component can aid in the quick reaction (Handy et al., 2021). Although GPx are 
widely known to be endogenous antioxidants in mammals and have been documented in a wide range 
of species, their functions in each cell organelle appear to vary (Handy et al., 2021). GPx1 is widely 
distributed, and it was once known as cytoplasmic GPx in mitochondria and the cytoplasm (Alehagen et 
al., 2021). By facilitating the reduction of harmful peroxides in the body, such as hydrogen peroxide, 
cholesterol peroxide, and long-chain fatty acid peroxides, GPx plays a vital function in the body 
(Alehagen et al., 2021).  

GPx reduces reactive oxygen species (ROS) and limits their toxicity in animals by forming an enzymatic 
antioxidant system with superoxide dismutase (SOD) and catalase (CAT) (Pei et al., 2023). GPx in 
reducing H2O2 to H2O usually uses glutathione (GSH) (Pei et al., 2023). Our understanding of the 
significant roles played by this family of proteins has been aided by several research on the structure 
and function of GPx in mammals. Unfortunately, rigorous studies and scientific reviews on the cellular 
processes behind GPx's function as an endogenous antioxidant that lowers ROS during exercise are still 
lacking Research results and reports Rusip & Suhartini, 2020 show that moderate intensity physical 
exercise by walking 30 minutes per day, 3x a week for 12 weeks of exercise has been proven to increase 
glutathione peroxidase levels after intervention as a marker of endogenous antioxidants. Few research 
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have looked at how GPx affects oxidative stress during physical activity. The objective of this 
comprehensive study is to investigate how the GPx mechanism influences the decrease of oxidative 
stress in mammals during physical activity and to offer novel strategies for future oxidative stress 
reduction. 

 

Method 

Study Design 

This type of systematic review research uses searches from journal databases such as MEDLINE-
Pubmed, Web of Science, Scopus and Science Direct. It is considered a premier platform worldwide as it 
brings together publications that have scientific impact and relevance. 

Eligibility Criteria 

The inclusion criteria in this study were articles published in the last 5 years and articles discussing 
glutathione peroxidase (GPx), physical exercise and antioxidant. Furthermore, the exclusion criteria in 
this research are journals that are not reputable or are not indexed by Scopus and Web of Science. 

Procedure 

Titles, abstracts and full texts of articles were screened then verified and stored in Mendeley software. 
In the first stage, 95 articles from the Science direct, Pubmed and web of science databases were 
identified. Next, in the second stage, 42 articles were screened based on the suitability of the title and 
abstract. In the third stage, 25 articles were ordered for further processing. At this stage we filter based 
on the overall suitability of the article. Then in the final stage 10 articles were selected that met the 
inclusion criteria and analyzed for this systematic observation. For operational standards, this study  
followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
assessment. 
 

Figure 1. PRISMA flowchart of the article selection process 

 

Results 

 
Table 1. Results of Physical Exercise in Increasing Glutathione Peroxidase (GPx) 

Author Sample Characteristics Study Design Intervention Results 

(Delrieu et al., 2021) 
49 women aged 18 - 78 years 

who were diagnosed with 
breast cancer participated in 

Experimental 

Home physical activity 
program for 6 months. 

Step targets were 
increased from a 

There was an increase in 
GPx levels after the physical 

exercise intervention. 
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Table 1. Results of Physical Exercise in Increasing Glutathione Peroxidase (GPx) 

Author Sample Characteristics Study Design Intervention Results 
this study to carry out pre and 

post tests. 
maximum of 1000 steps 

per week to 10,000 steps. 

(Rusip & Suhartini, 2020) 

73 sedentary women 
participated in this study and 
were divided into 2 groups. 
Control group and physical 

exercise intervention group. 

Experimental 

Moderate intensity 
physical exercise by 

walking 30 minutes per 
day, 3x a week for 12 

weeks of training. 

In the group that received 
physical activity 

intervention, there was a 
rise in GPx levels. 

(Reza salehi et al., 2020) 

45 rats were randomly 
assigned to 5 treatment 

groups, which included an 
estrogen solvent (sesame oil) 

group, an aerobic training 
group, an estrogen group, and 

an aerobic training plus 
estrogen group. 

Experimental 

Aerobic physical exercise 
was carried out 5 sessions 

per week for 8 weeks of 
training. 

The group that underwent 
aerobic exercise had an 
increase in GPx levels. 

(Bunpo et al., 2021) 

19 young healthy women aged 
22-25 years participated in 

this study and carried out pre 
and post test research. 

Experimental 

Physical exercise cycling 
for 30 minutes after taking 

vitamin c 1000 mg or 
placebo. 

When consuming placebo, 
there was an increase in 

GPx shortly after post 
exercise. And there was an 
increase in GPx levels after 

consumption of ascorbic 
acid at 30 minutes after 

physical exercise 
intervention. 

(Mohammadjafari et al., 
2019) 

45 bodybuilders participated 
in this study and were divided 

into 3 groups. Group 1 
physical exercise + growth 
hormone, group 2 physical 

exercise + IGF-1, control group 
physical exercise without 

hormone peptide. 

Experimental 

Resistance training 
consists of 6 types of 

exercises namely back 
squats, knee extension, 
knee flexion, lat rowing, 

bench press, and arm curl 
which are carried out in 5 

sets with a load of 80% 
maximum repetitions. 

There was an increase in 
GPx in all groups after the 

physical exercise 
intervention. 

(Macarro et al., 2021) 

In this study, 43 healthy males 
between the ages of 18 and 45 

were split into two groups. 
Probiotic Group 1. 

Experimental 
Long-term, high-intensity 
physical activity using a 

roll bike. 

After six weeks of physical 
activity intervention, there 

was an increase in GPx 
levels in the placebo group. 

(Börzsei et al., 2024) 

Three sets of twenty-four male 
rats each were used in this 

investigation. Isoproterenol 
(ISO) therapy, fixed-control, 

and pre-swim training 
combined. 

Experimental 

Swimming training for 3 
weeks. On the first day, the 

duration is 5 minutes in 
the first week. And 

increased for 5 minutes for 
the next day. 

In the group receiving 
physical activity therapy, 

GPx increased. 

(Kazem & Abboud, 2024) 

Thirty female college 
basketball players were split 
up into three groups for the 

study. The players in the 
exploratory experiment were 

female, control, and 
experimental. 

Experimental 
Aerobic basketball training 

2x a week for 8 weeks. 

In the group that received 
physical activity 

intervention, there was a 
rise in GPX levels. 

(Kwon et al., 2024) 

For this investigation, 40 six-
month-old female rats were 

split into four groups: a 
control group, one that 
received 125 mg/kg of 

hemoHIM supplementation, 
one that received 500 mg/kg 

of hemoHIM supplementation, 
and one that received 625 

mg/kg of creatine 
supplementation. 

Experimental 
Physical exercise grip 

strength test and 
swimming exercise. 

The group that received 500 
mg/kg of HemoHIM 

supplementation in addition 
to physical activity had a 

substantial rise in GPx 
levels. 

(Saberi et al., 2024) 

For this investigation, a total 
of twenty-eight male rats were 

randomly assigned to four 
groups. There are four types of 

control groups: healthy, 
diabetes, physical activity, and 
diabetic plus physical exercise. 

Experimental 
High-intensity physical 

exercise for 8 weeks. 

Both the physical activity + 
diabetes group and the 

standard physical exercise 
group had higher GPx levels. 
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Discussion 

Research results from Delrieu et al., 2021 proved that there was an increase in GPx levels in women who 
were given physical activity interventions for 6 months. Another study's findings on women who 
exercised for 30 minutes a day, three times a week for a period of 12 weeks likewise showed a 
substantial rise in GPx levels (Rusip & Suhartini, 2020). An increase in GPx levels also occurred in mice 
that were given aerobic physical exercise 5 sessions per week for 8 weeks (Reza salehi et al., 2020). 
Healthy young women participated in research involving physical exercise by cycling for 30 minutes. 
The results of the study also proved that there was an increase in GPx levels after physical exercise 
(Bunpo et al., 2021). The red blood cell enzyme glutathione peroxidase 1 (GPx1) was initially discovered 
in 1957 and is responsible for shielding hemoglobin from oxidative stress (Pei et al., 2023). It is possible 
to speculate that physical exercise-induced increases in GPx activity might help reduce cellular ROS 
(Delrieu et al., 2021). Bodybuilders who are given resistance training also have a positive effect on 
increasing GPx levels (Mohammadjafari et al., 2019). 

Physical activity is referred to be a "miracle drug" by the Academy of Medical Sciences as it has been 
shown to enhance human health (Gomez-cabrera et al., 2021). Strong scientific evidence backs up the 
academy's claim that physical exercise helps prevent and treat a number of illnesses, including mental, 
neurological, metabolic, cardiovascular, pulmonary, musculoskeletal, and even cancer (Gomez-cabrera 
et al., 2021). Engaging in physical exercise offers several noteworthy health advantages. Physical 
strength, endurance, bone mineral density, and neuromusculoskeletal fitness are just a few of the traits 
that can improve with regular exercise due to mechanical stress and repeated exposure to gravitational 
forces. These traits are all necessary for an autonomous and functional life (Mahindru et al., 2023).  

Apart from increasing antioxidants and health status, acute physical exercise can also increase ROS, but 
this is a physiological response to physical exercise (Wibawa et al., 2021). Mitochondria are organelles 
that act as energy stores that increase the formation of ATP in muscles, so that in the mechanism there 
is also ion leakage which has an impact on increasing oxidative stress (Olaso-gonzalez et al., 2020). As 
explained above, a massive increase in ROS caused by exercise will occur in skeletal muscle which has 
an influence on muscle fibers experiencing an increase in ROS. (Wyckelsma et al., 2020). Roh et al., 2020 
also reported that 12 weeks of resistance physical training significantly reduced inflammatory markers 
in people with obesity. Skeletal muscles not only function to produce force and movement, but now also 
as signal transducers acting as endocrine organs that secrete cytokines and transcription factors into 
the bloodstream, thereby regulating the function of other organs (Vargas-Ortiz et al., 2019). The sole 
health practice linked to a decrease in all-cause mortality in adults is regular exercise, therefore it 
appears strange that physical activity of the skeletal muscle boosts ROS generation (Powers et al., 
2020a). Numerous investigations conducted on  

 

Figure 2. Physical Exercise Increase ROS (reactive oxygen species) 

 

both people and animals have demonstrated that aerobic exercise raises the body's levels of non-
enzymatic antioxidants, which will improve human health, as well as the activity of antioxidant enzymes 
like CAT, SOD, and GPX (Ye et al., 2021). 

Numerous studies have demonstrated that regular aerobic exercise at a 75–80% intensity for four to six 
weeks can raise young students' and male soccer players' total antioxidant capacity (Yol et al., 2020). 
The results of this research show that consistent aerobic exercise training significantly increases the 
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effectiveness of the body's enzymatic and nonenzymatic antioxidant defense mechanisms, fortifying its 
capacity to get rid of pro-oxidants (Yol et al., 2020). Excessive levels of MDA and ROS, together with a 
reduction in antioxidant enzyme levels, have been linked to persistent weariness during physical 
activity (Kwon et al., 2024). Regular aerobic exercise has also been shown to lower levels of LDL (low 
density lipoprotein) and MDA, two pro-oxidants, in line with the findings of other studies (Rytz et al., 
2024). ROS will have a negative impact if it accumulates and its production exceeds the neutrality of 
human tissue and antioxidants (Zhou et al., 2022).  

Biologically, the definition of antioxidant is a compound that is able to counteract or reduce the negative 
impact of oxidants in the body. Exercise-induced protein oxidation results in the generation of MDA and 
ROS as well as an increase in the concentrations of main antioxidant enzymes such GPx and CAT (Kwon 
et al., 2024). While GPx is in charge of converting H2O2 into water and alcohol, CAT is able to break 
down H2O2 into H2O and O2, which helps alleviate tiredness and other physiological ailments (Kwon 
et al., 2024). Frequent exercise is linked to positive benefits on the central nervous system as well (Souza 
et al., 2022). Exercise is good for building skeletal muscle mass and improving physical fitness, but it can 
also have negative side effects and increase inflammation, oxidative stress, or muscle injury when done 
repeatedly at a high intensity (Korivi et al., 2023). Furthermore, increased energy consumption during 
exercise results in an excess of reactive oxygen species (ROS) being produced in fatigued skeletal muscle 
cells, which in turn causes lipids, proteins, and DNA to peroxide (Wang et al., 2021).  

 
Figure 3. Mechanism of Physical Exercise Increase GPx (glutathion peroxidase) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The mechanism of physical exercise in increasing GPx levels as part of endogenous antioxidants in an 
effort to ward off free radicals is as follows. During physical exercise, the body will activate the 
sympathetic nervous system in response to exercise (Daniela et al., 2022). The activation of the 
sympathetic nervous system will trigger a large increase in skeletal muscle contractions which will also 
have an impact on increasing ROS (Xia et al., 2024). This physical exercise will also increase biogenesis 
in mitochondria in an effort to provide energy to meet cell needs (Heyne et al., 2024). Exercise capacity 
is regulated by mitochondria, which are significant adenosine triphosphate (ATP) generators. There is 
a direct link between increased exercise capacity and mitochondrial activity (Heyne et al., 2024). The 
metabolic system in the mitochondria will create an electron transport mechanism starting from 
complex 1 to complex 4 which will also occur and trigger an increase in ROS and superoxide anions O2- 
(Li et al., 2023). This ROS is very reactive if it is not immediately neutralized by antioxidants, it will have 
a negative impact on cell damage (Wibawa et al., 2021).  

The emergence of ROS during physical exercise will also make antioxidant enzymes automatically 
appear to help neutralize existing free radicals such as superoxide dismutase, glutathione peroxidase, 
and catalase (Powers et al., 2023). In the mechanism process, O2- is neutralized by SOD to become H2O2 
and the next process is the role of glutathione peroxidase to help convert H2O2 into a neutral reaction, 
namely H2O (Powers et al., 2020b). Catalase also helps convert H2O2 into H2O (Powers et al., 2020b). 
If this hydrogen peroxide is left continuously, it will also be very reactive, it will enter the Fenton 
reaction to be converted into hydroxyl radicals which will trigger oxidative stress which will have an 
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impact on lipid damage, DNA damage, cell damage, and trigger disease (Powers et al., 2020b). The 
results of research on men aged 18 - 45 years who participated in research with high intensity physical 
exercise intervention proved that there was an increase in GPx levels after physical exercise (Macarro 
et al., 2021).  

The results of other research on mice that were given swimming physical training intervention for 3 
weeks also proved that there was an increase in GPx levels after the training intervention (Börzsei et al., 
2024). 30 female basketball players who were given basketball resistance training intervention 2x a 
week for 8 weeks also proved that GPx levels had increased (Kazem & Abboud, 2024). Rats conditioned 
in diabetes mellitus who were given high intensity physical exercise intervention for 8 weeks also 
proved that there was a significant increase in GPx levels (Saberi et al., 2024). In the end, physical 
exercise is a physiological response in such a way that it can make the body healthier and fitter by 
increasing GPx as an antioxidant in the body. In this systematic review, of course there are still many 
limitations in writing and reviewing the analysis. Researchers only examine the role of GPx as an 
endogenous antioxidant during physical exercise. Inside the cell it is very complex. During physical 
exercise there will be many reactions that occur there. Studying the dynamics that occur in cells is an 
interesting thing that is associated with physical exercise. The latest discoveries related to antioxidant 
mechanisms will continue to develop in line with the results of the latest research. Of course, there is 
also a need for writings and studies on the topic of antioxidants and exercise to be able to increase the 
body of human knowledge, especially in the field of exercise physiology. Researchers hope that in the 
future further research can be carried out regarding the expression of genes that influence antioxidants 
and their mechanisms. 

 
Conclusions 

In short, physical exercise is proven to improve people's health. Physical exercise can also increase total 
endogenous antioxidants such as superoxide dismutase, glutathione peroxidase, and catalase. GPx is an 
antioxidant that is very important in warding off free radicals triggered by physical exercise. GPx in its 
role wards off free radicals, namely by reducing H2O2 to H2O so that it is neutral and non-reactive. If 
H2O2 is allowed to continue continuously it will have an impact on increasing oxidative stress through 
the Fenton reaction. The role of GPx is very important in neutralizing the body and reducing free radicals 
that occur due to physical exercise. So, this is a natural physiological response that occurs during 
physical exercise. Further scientific reviews can examine how gene expression increases antioxidants 
during physical exercise which will provide knowledge to the general public and academics about the 
importance of exercise for health. 

 
Acknowledgements 

The authors would like to thank the support from STKIP PGRI Trenggalek and Universitas Negeri 
Padang. 
 

Financing 

Funding for this research is personal. 
 

References 

Alehagen, U., Opstad, T. B., Alexander, J., Larsson, A., & Aaseth, J. (2021). Impact of selenium on 
biomarkers and clinical aspects related to ageing. A review. Biomolecules, 11(10), 1–14. 
https://doi.org/10.3390/biom11101478 

Bellafiore, M., Bianco, A., Battaglia, G., Naccari, M. S., Caramazza, G., Padulo, J., Chamari, K., Paoli, A., & 
Palma, A. (2019). Training session intensity affects plasma redox status in amateur rhythmic 
gymnasts. Journal of Sport and Health Science, 8(6), 561–566. 
https://doi.org/10.1016/j.jshs.2016.04.008 



2025 (febrero), Retos, 63, 610-619  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 
 617  

 

Bellafiore, M., Pintaudi, A. M., Thomas, E., Tesoriere, L., Bianco, A., Cataldo, A., Cerasola, D., Traina, M., 
Livrea, M. A., & Palma, A. (2021). Redox and autonomic responses to acute exercise-post recovery 
following Opuntia ficus-indica juice intake in physically active women. Journal of the International 
Society of Sports Nutrition, 18(1), 1–10. https://doi.org/10.1186/s12970-021-00444-2 

Börzsei, D., Kiss, V., Nagy, A., Hoffmann, A., Török, S., Almási, N., Veszelka, M., Varga, C., & Szabó, R. (2024). 
Moderate-Intensity Swimming Alleviates Oxidative Injury in Ischemic Heart. Applied Sciences, 
14(5), 2073. https://doi.org/10.3390/app14052073 

Bunpo, P., Chatarurk, A., Intawong, K., Naosuk, K., & Klangsinsirikul, P. (2021). Effects of ascorbic acid 
supplementation on immune status in healthy women following a single bout of exercise. Sport 
Sciences for Health, 17(3), 635–645. https://doi.org/10.1007/s11332-020-00726-3 

Daniela, M., Catalina, L., Ilie, O., Paula, M., Daniel-Andrei, I., & Ioana, B. (2022). Effects of Exercise Training 
on the Autonomic Nervous System with a Focus on Anti-Inflammatory and Antioxidants Effects. 
Antioxidants, 11(2). https://doi.org/10.3390/antiox11020350 

Delrieu, L., Touillaud, M., Pérol, O., Morelle, M., Martin, A., Friedenreich, C. M., Mury, P., Dufresne, A., 
Bachelot, T., Heudel, P. E., Fervers, B., Trédan, O., & Pialoux, V. (2021). Impact of Physical Activity 
on Oxidative Stress Markers in Patients with Metastatic Breast Cancer. Oxidative Medicine and 
Cellular Longevity, 2021. https://doi.org/10.1155/2021/6694594 

Gomez-cabrera, M. C., Carretero, A., Millan-domingo, F., Garcia-dominguez, E., Correas, A. G., Olaso-
gonzalez, G., & Vi, J. (2021). Redox Biology Redox-related biomarkers in physical exercise. 42. 
https://doi.org/10.1016/j.redox.2021.101956 

Handy, D. E., Joseph, J., & Loscalzo, J. (2021). Selenium, a micronutrient that modulates cardiovascular 
health via redox enzymology. Nutrients, 13(9). https://doi.org/10.3390/nu13093238 

Heyne, E., Zeeb, S., Junker, C., Petzinna, A., Schrepper, A., Doenst, T., Koch, L. G., Britton, S. L., & Schwarzer, 
M. (2024). Exercise Training Differentially Affects Skeletal Muscle Mitochondria in Rats with 
Inherited High or Low Exercise Capacity. Cells, 13(5). https://doi.org/10.3390/cells13050393 

Joanisse, S., McKendry, J., Lim, C., Nunes, E. A., Stokes, T., Mcleod, J. C., & Phillips, S. M. (2021). 
Understanding the effects of nutrition and post-exercise nutrition on skeletal muscle protein 
turnover: Insights from stable isotope studies. Clinical Nutrition Open Science, 36, 56–77. 
https://doi.org/10.1016/j.nutos.2021.01.005 

Kazem, E. N., & Abboud, N. M. (2024). The effect of exercises similar to playing according to the aerobic 
energy system on the enzyme (GPX) and peaceful shooting for female basketball players. Journal 
of Sports Science and Nutrition, 5(1), 05–07. https://doi.org/10.33545/27077012.2024.v5.i1a.226 

Korivi, M., Mohammed, A., Ye, W., & Lebaka, V. R. (2023). Editorial: Nutritional and physical activity 
strategies to boost immunity, antioxidant status and health, Volume III. Frontiers in Physiology, 
14(April), 1–2. https://doi.org/10.3389/fphys.2023.1199066 

Kwon, D. A., Bak, S. Bin, Kim, Y. S., Kim, S. K., & Lee, H. S. (2024). Antioxidant and Anti-Fatigue Effects of 
a Standardized Botanical Extract Fraction (HemoHIM) in Forced-Exercised Aged Mice. Journal of 
Medicinal Food, 00(0), 1–8. https://doi.org/10.1089/jmf.2023.K.0234 

Li, J., Xu, Y., Liu, T., Xu, Y., Zhao, X., & Wei, J. (2023). The Role of Exercise in Maintaining Mitochondrial 
Proteostasis in Parkinson’s Disease. International Journal of Molecular Sciences, 24(9). 
https://doi.org/10.3390/ijms24097994 

Macarro, M. S., Ávila‐gandía, V., Pérez‐piñero, S., Cánovas, F., García‐muñoz, A. M., Abellán‐ruiz, M. S., 
Victoria‐montesinos, D., Luque‐rubia, A. J., Climent, E., Genovés, S., Ramon, D., Chenoll, E., & López‐
román, F. J. (2021). Antioxidant effect of a probiotic product on a model of oxidative stress induced 
by high‐intensity and duration physical exercise. Antioxidants, 10(2), 1–14. 
https://doi.org/10.3390/antiox10020323 

Magherini, F., Fiaschi, T., Marzocchini, R., Mannelli, M., Gamberi, T., Modesti, P. A., & Modesti, A. (2019). 
Oxidative stress in exercise training: the involvement of inflammation and peripheral signals. Free 
Radical Research, 53(11–12), 1155–1165. https://doi.org/10.1080/10715762.2019.1697438 

Mahindru, A., Patil, P., & Agrawal, V. (2023). Role of Physical Activity on Mental Health and Well-Being: 
A Review. Cureus, 15(1), 1–7. https://doi.org/10.7759/cureus.33475 

Mendes, S., Leal, D. V., Baker, L. A., Ferreira, A., Smith, A. C., & Viana, J. L. (2023). The Potential Modulatory 
Effects of Exercise on Skeletal Muscle Redox Status in Chronic Kidney Disease. International Journal 
of Molecular Sciences, 24(7). https://doi.org/10.3390/ijms24076017 

Mohammadjafari, H., Arazi, H., Nemati, N., Bagherpoor, T., & Suzuki, K. (2019). Acute effects of resistance 
exercise and the use of GH or IGF-1 hormones on oxidative stress and antioxidant markers in 



2025 (febrero), Retos, 63, 610-619  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 
 618  

 

bodybuilders. Antioxidants, 8(12), 1–8. https://doi.org/10.3390/antiox8120587 
Olaso-gonzalez, G., Viña, J., Brioche, T., & Chopard, A. (2020). Redox Biology Redox modulation of muscle 

mass and function. Redox Biology, 35(March), 101531. 
https://doi.org/10.1016/j.redox.2020.101531 

Pei, J., Pan, X., Wei, G., & Hua, Y. (2023). Research progress of glutathione peroxidase family (GPX) in 
redoxidation. Frontiers in Pharmacology, 14(March), 1–14. 
https://doi.org/10.3389/fphar.2023.1147414 

Powers, S. K., Deminice, R., Ozdemir, M., Yoshihara, T., Bomkamp, M. P., & Hyatt, H. (2020a). Exercise-
induced oxidative stress : Friend or foe ? 9, 415–425. https://doi.org/10.1016/j.jshs.2020.04.001 

Powers, S. K., Deminice, R., Ozdemir, M., Yoshihara, T., Bomkamp, M. P., & Hyatt, H. (2020b). Exercise-
induced oxidative stress: Friend or foe? Journal of Sport and Health Science, 9(5), 415–425. 
https://doi.org/10.1016/j.jshs.2020.04.001 

Powers, S. K., Goldstein, E., Schrager, M., & Ji, L. L. (2023). Exercise Training and Skeletal Muscle 
Antioxidant Enzymes: An Update. Antioxidants, 12(1). https://doi.org/10.3390/antiox12010039 

Reza salehi, O., ghabezi, S., Khajehlandi, A., & Mohammadi, A. (2020). Interactive effect of aerobic training 
and estrogen consumption on serum levels of catalase and glutathione peroxidase enzymes in 
ovariectomized rats. Jorjani Biomedicine Journal, 8(2), 38–47. 
https://doi.org/10.29252/jorjanibiomedj.8.2.38 

Roh, H., Cho, S., & So, W. (2020). A Cross-Sectional Study Evaluating the E ff ects of Resistance Exercise on 
Inflammation and Neurotrophic Factors in Elderly Women with Obesity. 1–11. 

Rusip, G., & Suhartini, S. M. (2020). Effects of moderate intensity exercise on glutathione peroxidase 
activity and vo2 max in elderly women. Open Access Macedonian Journal of Medical Sciences, 8(A), 
230–233. https://doi.org/10.3889/oamjms.2020.3837 

Rytz, C. L., Pialoux, V., Mura, M., Martin, A., Hogan, D. B., Hill, M. D., & Poulin, X. M. J. (2024). Impact of 
aerobic exercise , sex , and metabolic syndrome on markers of oxidative stress : results from the Brain 
in Motion study. 24, 748–756. https://doi.org/10.1152/japplphysiol.00667.2019 

Saberi, S., Askaripour, M., & Khaksari, M. (2024). Heliyon Exercise training improves diabetic renal 
injury by reducing fetuin-A , oxidative stress and inflammation in type 2 diabetic rats. Heliyon, 
10(6), e27749. https://doi.org/10.1016/j.heliyon.2024.e27749 

Shamsnia, E., Matinhomaee, H., Azarbayjani, M. A., & Peeri, M. (2023). The Effect of Aerobic Exercise on 
Oxidative Stress in Skeletal Muscle Tissue: A Narrative Review. Gene, Cell and Tissue, 10(4). 
https://doi.org/10.5812/gct-131964 

Souza, J., da Silva, R. A., da Luz Scheffer, D., Penteado, R., Solano, A., Barros, L., Budde, H., Trostchansky, 
A., & Latini, A. (2022). Physical-Exercise-Induced Antioxidant Effects on the Brain and Skeletal 
Muscle. Antioxidants, 11(5), 1–18. https://doi.org/10.3390/antiox11050826 

Vargas-Ortiz, K., Pérez-Vázquez, V., & Macías-Cervantes, M. H. (2019). Exercise and sirtuins: A way to 
mitochondrial health in skeletal muscle. International Journal of Molecular Sciences, 20(11), 1–11. 
https://doi.org/10.3390/ijms20112717 

Wang, F., Wang, X., Liu, Y., & Zhang, Z. (2021). Effects of Exercise-Induced ROS on the Pathophysiological 
Functions of Skeletal Muscle. Oxidative Medicine and Cellular Longevity, 2021. 
https://doi.org/10.1155/2021/3846122 

Wibawa, J. C., Arifin, M. Z., & Herawati, L. (2021). Ascorbic Acid Drink after Submaximal Physical Activity 
can Maintain the Superoxide Dismutase Levels in East Java Student Regiment. Indian Journal of 
Forensic Medicine & Toxicology, 15(3), 3383–3392. https://doi.org/10.37506/ijfmt.v15i3.15824 

Wouda, M. F., Slettahjell, H. B., Lundgaard, E., Bastani, N. E., Raastad, T., Blomhoff, R., & Kostovski, E. 
(2023). Acute changes in antioxidants and oxidative stress to vigorous arm exercise: an 
intervention trial in persons with spinal cord injury and healthy controls. Spinal Cord Series and 
Cases, 9(1). https://doi.org/10.1038/s41394-023-00590-6 

Wyckelsma, V. L., Venckunas, T., Brazaitis, M., Gastaldello, S., Snieckus, A., Eimantas, N., Baranauskiene, 
N., Subocius, A., Skurvydas, A., Pääsuke, M., Gapeyeva, H., Kaasik, P., Pääsuke, R., Kamandulis, S., & 
Westerblad, H. (2020). Vitamin C and E Treatment Blunts Sprint Interval Training – Induced Changes 
in Inflammatory Signaling in Recreationally Active Elderly Humans. 1–20. 

Xia, Q., Li, P., Casas-martinez, J. C., & Miranda-vizuete, A. (2024). Peroxiredoxin 2 Regulates DAF-16 / FOXO 
Mediated Mitochondrial. 

Ye, Y., Lin, H., Wan, M., Qiu, P., Xia, R., He, J., Tao, J., Chen, L., & Zheng, G. (2021). The Effects of Aerobic 
Exercise on Oxidative Stress in Older Adults: A Systematic Review and Meta-Analysis. Frontiers in 



2025 (febrero), Retos, 63, 610-619  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 
 619  

 

Physiology, 12(October), 1–11. https://doi.org/10.3389/fphys.2021.701151 
Yol, Y., Turgay, F., Yigittürk, O., Aşıkovalı, S., & Durmaz, B. (2020). BBA - Molecular Basis of Disease The 

effects of regular aerobic exercise training on blood nitric oxide levels and oxidized LDL and the 
role of eNOS intron 4a / b polymorphism. BBA - Molecular Basis of Disease, 1866(12), 165913. 
https://doi.org/10.1016/j.bbadis.2020.165913 

Zhao, L., Zong, W., Zhang, H., & Liu, R. (2019). Kidney Toxicity and Response of Selenium Containing 
Protein-glutathione Peroxidase (Gpx3) to CdTe QDs on Different Levels. Toxicological Sciences, 
168(1), 201–208. https://doi.org/10.1093/toxsci/kfy297 

Zhou, Z., Chen, C., Teo, E., Zhang, Y., Huang, J., Xu, Y., & Gu, Y. (2022). Intracellular Oxidative Stress Induced 
by Physical Exercise in Adults : Systematic Review and Meta-Analysis. 

 

Authors' and translators' details: 

Junian Cahyanto Wibawa juniancahyanto96@stkippgritrenggalek.ac.id Author 
  

Nendra Febrianto nendrafebrianto@stkippgritrenggalek.ac.id Author   
Muhammad Soleh Fudin fudinbanimustaram@stkippgritrenggalek.ac.id  Author 

  

Yovhandra Ockta Yovhandra1999@gmail.com  Author   
Rifqi Festiawan rifqi.festiawan@unsoed.ac.id Translator / Author   

 

mailto:fudinbanimustaram@stkippgritrenggalek.ac.id
mailto:Yovhandra1999@gmail.com

