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Abstract

Open Access Introduction: The purpose of this study was to investigate the effects of creatine
supplementation on malondialdehyde (MDA), oxidized glutathione (GSSG),
reduced glutathione (GSH), and the GSSG/GSH ratio following repeated Wingate
tests in wrestlers.

R N Methods: This randomized, double-blind, placebo-controlled crossover study
included 10 male wrestlers (mean age, 22.5 = 3 years). The exercise protocol
Submitted: consisted of four bouts separated by 15 min of passive recovery; each bout included
22 August 2025 three 10-s leg Wingate tests and three 10-s arm Wingate tests performed alternately,
Revised: with 1 min of active recovery between tests. In each experimental session,
08 October 2025 patticipants consumed 0.1 g/kg body mass of creatine or placebo 1 h before the
Accepted: protocol. The second dose was administered after the second bout and the third
15 October 2025 dose after completion of the fourth bout. Blood samples were obtained before the
Published: first dose, immediately after completion of the exercise protocol, and after 1 h of
15 October 2025 recovety.
® @ Results: Creatine supplementation, compared with placebo, attenuated the
increase in GSSG (time X condition interaction, P = 0.008) and MDA (time X

condition interaction, P = 0.001). No significant time X condition interactions were
observed for GSH (P = 0.21), the GSSG/GSH ratio (P = 0.20), ot blood lactate (P

© The Author(s) = 0.71)

retain the copyright.
Conclusions: Acute creatine supplementation may attenuate selected oxidative
stress responses, particularly increases in GSSG and MDA, in wrestlers performing
repeated high-intensity exercise. However, further research is warranted because
other oxidative and antioxidant indices were not significantly affected.
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1. Introduction

Oxidative stress is defined as a disruption of the
balance between pro-oxidants and antioxidants in
favor of pro-oxidants. Under certain conditions,
such as exercise, this imbalance may result from
excessive production of pro-oxidants or
suppression of antioxidant defenses (1). One of
the common physiological conditions associated
with increased oxidative stress is exercise (2).
Exercise may exert both beneficial and
detrimental effects on oxidative stress. High-
intensity exercise and physical activity can lead to
a transient imbalance between the production
and elimination of reactive oxygen/nitrogen
(ROS/RNS), thereby resulting in

oxidative stress (3). Although exercise-induced

species

ROS are required for normal force production in
skeletal muscle, excessive ROS levels appear to
impair contractile function (4). Exercise-induced
ROS production is also important for exercise-
induced mitochondrial biogenesis, as ROS act as
signaling molecules that activate redox-sensitive
signaling pathways (5).

Evidence indicates that exercise intensity and
duration are associated with oxidative stress in
humans, a finding supported by several studies (6,
7). Vigorous exercise in untrained individuals is
associated with greater increases in oxidative
stress compared with moderate and regular
aerobic exercise (8). Furthermore, prolonged
regular exercise may enhance certain antioxidant
defense mechanisms and, consequently, may
limit oxidative damage to mitochondria (9).

On the other hand, many athletes use ergogenic
aids as part of long-term exercise programs to
maintain physical fitness, improve recovery, and
promote physiological adaptations. Therefore,
the effects of ergogenic aids have received
considerable attention, and many researchers
have attempted to combine exercise programs
with ergogenic supplementation to enhance the
benefits of exercise (10). The use of antioxidant
supplements in conjunction with physical activity
may reduce the detrimental effects of exercise-
induced oxidative stress, enhance exercise-related
antioxidant defenses, and augment the beneficial
effects of physical activity (11).
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Creatine is one of the most popular supplements
among athletes. Creatine (Cr) is a naturally
occurring amino acid-like compound in humans.
Approximately 95% of the body's creatine is
stored in skeletal muscle, with about 40% present
in free form and 60% as phosphocreatine (PCr)
(12). Creatine supplementation is believed to help
maintain high-energy phosphate stores during
exercise. In addition, several mechanisms by
which creatine supplementation may improve
exercise performance have been identified (13).
Creatine is predominantly used in anaerobic
sports to facilitate ATP resynthesis and increase
anaerobic power (14). However, there is still
uncertainty regarding the effects of creatine on
oxidative stress and the underlying mechanisms
involved. The antioxidant effects of creatine may
be attributable to several mechanisms, including
indirect mechanisms involved in stabilizing cell
membranes and improving cellular energy
capacity, as well as its direct antioxidant
properties (13).

Oxidative stress can impair muscle strength and
physical performance (13). Mechanistically,
reactive oxygen species may accelerate skeletal
muscle fatigue by reducing calcium sensitivity and
decreasing the maximal force generated in
response to calcium activation (15). Several
studies have investigated the potential
antioxidant properties of creatine. For example,
Lawler et al. (2002) demonstrated that creatine
significantly reduced the levels of superoxide
anion and peroxynitrite, which are important free
radicals, under in vitro conditions (16). In
contrast, Deminice et al. (2013) reported that
creatine supplementation had no effect on
antioxidant parameters and was insufficient to
attenuate  exercise-induced oxidative = stress
following repeated acute sprint exercise. They
suggested that further studies are required to
confirm the antioxidant effects of creatine

supplementation in humans (17).

Based on the available evidence, creatine appears
to possess antioxidant properties and may exert
its effects through both direct and indirect
mechanisms. Creatine may preserve
mitochondrial integrity, increase PCr availability,

act as a cellular energy buffer, and protect
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mitochondrial DNA (mtDNA) and RNA against
oxidative damage (13). Furthermore, the
antioxidant properties of creatine may be related
to its constituent amino acids, including arginine,
glycine, and methionine (18). Some studies have
attributed the antioxidant properties of creatine
to the presence of arginine in its molecular
structure. Arginine serves as a substrate for the
nitric oxide synthase family and may increase
nitric oxide production; moreover, a protective
role of arginine against oxidative stress has been
demonstrated in endothelial cells. Arginine may
also be capable of scavenging free radicals such
as superoxide anions. In addition, creatine has
been shown to influence glutathione (GSH)
levels and the glutathione redox ratio (13).

In contrast, strenuous exercise may alter this
balance in the opposite direction. Acute, high-
intensity exercise, such as the Wingate test, has
been shown to decrease GSH and increase
oxidized glutathione (GSSG) levels, consequently
altering the GSSG/GSH ratio (19). Creatine
supplementation may potentially exert a
synergistic effect with exercise; however, exercise
intensity and duration, as well as the duration of
supplementation, may play important roles in
determining its antioxidant activity. To date,
relatively few studies have investigated the effects
of creatine supplementation combined with
short-duration,  single-session  exercise on
oxidative stress. Therefore, further research is
needed to provide more definitive conclusions.

Given the limited evidence regarding the acute
antioxidant effects of creatine supplementation
during a single bout of anaerobic exercise, the
present study was designed to investigate the
effects of acute creatine supplementation before,
during, and after repeated Wingate tests on the
glutathione redox ratio (GSSG/GSH) and
malondialdehyde (MDA) levels in wrestlers.
Specifically, this study aimed to determine
whether acute creatine supplementation could
attenuate or counteract the oxidative stress
induced by repeated bouts of high-intensity
exercise.

https://www.ren.uok.ac.ir
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2. Methods

2.1. Participants

The inclusion criteria were professional or semi-
professional male wrestlers (with at least a provincial-
level ranking), aged 18-30 years, with a minimum of
5 years of wrestling training experience. Participants’
health status was confirmed using the Physical
Activity  Readiness  Questionnaire  (PAR-Q)).
Individuals who had not used supplements, including
creatine or antioxidants, for at least 4 weeks before the
study were eligible for participation. The exclusion
criteria included acute or chronic diseases, recent
acute injuries, use of medications that could affect
metabolism, smoking or alcohol consumption,
unusual dietary practices, or inability to complete the
Wingate protocol. Participants were also required to
refrain from strenuous exercise for at least 48 h before
each experimental session. Accordingly, 10 male
wrestlers from Tehran, all of whom had achieved at
least a provincial-level ranking and had a history of
regular wrestling training (7 * 2 years), voluntarily
participated in the study. Their mean age was 22.5 *
3 years, and their mean BMI was 23 £ 3.7 kg/m?

2.2. Study design

This study was conducted using a randomized,
double-blind, placebo-controlled crossover design.
Participants visited the laboratory on three separate
occasions. During the first visit, height, body mass,
and BMI were measured. The second and third visits
were experimental sessions conducted one week apart
using a randomized crossover design.

2.3. Elxercise and Supplementation Protocol

At 8:00 AM, participants consumed the first dose of
either creatine or placebo. The creatine condition
consisted of 0.1 g/kg body mass of creatine
(NutraBio, USA) (20), whereas the placebo condition
consisted of 0.1 g/kg body mass of an inert
aspartame-flavored placebo dissolved in 250 mL of
water (21). Participants then rested for 1 h. Following
the rest period, the experimental protocol began with
a 5-min warm-up consisting of cycling at 50 rpm
followed by stretching exercises. The main exercise
protocol consisted of four identical bouts, with 15
min of passive recovery between bouts. Each bout
included three 10-s leg Wingate tests and three 10-s
arm Wingate tests performed alternately, with 1 min
of active recovery between tests. Following the warm-
up, participants first performed the leg Wingate test
on a cycle ergometer against a resistance of
approximately 75 g/kg body mass. Immediately after

https://doi.org/10.22034/ren.2025.144365.1120
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the test, the resistance was removed and participants
cycled without resistance at 50—60 rpm for 30 s. They
then immediately transferred to the arm ergometer
and completed another 30 s of active recovery
without resistance at 50-60 rpm. The arm Wingate
test was then performed against a resistance of
approximately 45 g/kg body mass. Following the arm
Wingate test, participants completed 30 s of active
recovery on the arm ergometer followed by 30 s on
the cycle ergometer. This sequence continued until
three 10-s leg Wingate tests and three 10-s arm
Wingate tests had been completed. Participants had
15 min of passive recovery between each of the four
exercise bouts. The second dose of creatine or
placebo was administered after completion of the
second exercise bout, and the third dose was
administered immediately after completion of all four
bouts. Blood samples were collected at three time
points: (1) before consumption of the first dose; (2)
immediately after completion of the fourth exercise
bout; and (3) after a 1-h recovery period (Figure 1).
All participants completed both the creatine and
placebo conditions in a counterbalanced order. Leg
Wingate tests were performed using a Monark cycle
ergometer (Model 894E), whereas arm Wingate tests
were performed using a Monark arm-crank ergometer
(Model 891E).

2.4. Dietary control and physical activity standardization

To standardize dietary intake, participants were
instructed to replicate their dietary intake exactly
during the 48-h preceding each experimental session
using a detailed food diary. The diary included all
foods and beverages consumed, including type,
quantity, and time of consumption, to minimize the
potential influence of dietary differences on the study
outcomes. Caffeine-containing products, including
coffee, tea, and energy drinks, as well as antioxidant-
rich foods, were completely prohibited during this 48-
h period. A list of antioxidant-rich foods was provided
to the participants. On the morning of each
experimental session, all participants received a
standardized breakfast containing 500 kcal, consisting
of 60% carbohydrate, 20% protein, and 20% fat, to
minimize dietary variability.

2.5. Biochemical Analyses

GSSG, GSH, and MDA were analyzed using
colorimetric assays with commercially available kits
manufactured by Cayman Chemical (USA). The
coefficients of variation were 3.6% for GSSG, 1.6%
for GSH, and 2.3% for MDA.

Research in Exercise Nutrition, 2025; 4(2): 55-63.

2.6. Statistical analysis

Data were analyzed using SPSS software, version 26
(IBM Cotp., Armonk, NY, USA). The Shapiro—Wilk
test was used to assess the normality of data
distributions. Because the data were normally
distributed, parametric statistical methods were
applied. A two-way mixed repeated-measures analysis
of variance (ANOVA) was used to examine the
effects of condition and time. Repeated-measures
ANOVA was also used to compare time points within
each experimental condition, followed by Tukey’s
post hoc test for pairwise comparisons. Statistical
significance was set at P < 0.05.

3. Results

3.1. Primary outcomes

Statistical analysis revealed that the oxidized
glutathione (GSSG) response to repeated high-
intensity exercise was dependent on supplementation
condition, as indicated by a significant time X
condition interaction (P = 0.008). Within-condition
analysis showed that this difference was attributable
to an increase in GSSG during the placebo condition
(P = 0.01). Post hoc analysis further demonstrated
that GSSG levels were significantly higher at the
second and third time points than at the first time
point (P < 0.05).

Similarly, the malondialdehyde (MDA) response to
repeated high-intensity exercise was dependent on
supplementation condition, with a significant time X
condition interaction (P < 0.001). Within-condition
analysis indicated that the observed difference was
attributable to an increase in MDA during the placebo
condition (P < 0.001). Post hoc analysis showed that
MDA levels at the third time point were significantly
higher than those at both the first and second time
points (P < 0.05), (Table 1, Figurel).

In contrast, no significant time X condition
interactions were observed for reduced glutathione
(GSH) (P = 0.21), the GSSG/GSH ratio (P = 0.20),
or blood lactate (P = 0.71). However, within-
condition analysis followed by post hoc comparisons
revealed a significant decrease in GSH from the first
to the third time point in the creatine condition (P =
0.005). For the GSSG/GSH ratio, significant changes
between the first and third time points were observed
in both the creatine and placebo conditions (P <
0.05). Regarding blood lactate, the second time point
differed significantly from both the first and third
time points in both experimental conditions (P <
0.05).
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Variable Supplement
GSSG Creatine
(M) Placebo
GSH Creatine
(M) Placebo
Creatine
GSSG/GSH
Placebo
MDA Creatine
(M) Placebo
Lactate Creatine
(mg/dL)
Placebo

Note: * Indicates a statistically significant difference.

14
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4. Discussion

Table 1 Results of repeated-measures ANOVA within and between the creatine and placebo conditions

Pre-
exercise
(M1SD)

16.5%1.5

16.4£3.7
4.18£1.79
4.11£2.78
0.26£0.11
0.21+0.13
1.23%£0.10
1.03£0.07
20.8%£5.4

20£10

Post-

exercise
(M1SD)

17.7x£2.4
2581

3.09+1.69
3.24%2.7
0.18£0.09
0.11£0.09
1.24£0.06
1.07£0.12
93.945.1

91.5£7.8

Recovery

(M1SD)

19.5%5.5
22.5%3.5
2.15%1.72
2.1241.62
0.11£0.10
0.09£0.06
1.24£0.11
1.26£0.05
25.8%5.3

26.4%9.1

Pre-exercise

Post-exercise

Times

B Creatine M Placebo

Recovery

In the present study, repeated high-intensity exercise,
accompanied by increased lactate production and

potential pathways leading to increased free radical

Within-session

Pre-exercise

changes
F p
2.7 0.08
5.9 0.01*
7.1 0.005%
2.3 0.12
9.9 0.001*
6.7 0.006*
0.04 0.96
13.76 | 0.001*
0.80 0.001*
0.27 0.001*
140
120
100
80
L=
g% 60
- 40
20
0
-20

generation, altered the measured oxidative stress

Time effect

6.83

5.9

14.52

5.18

72

0.006*

0.01*

0.001*

0.01*

0.001*

Session effect

7.54

0.72

0.08

26.21

0.26

p

0.02*

0.41

0.77

0.001*

0.61

A.

Post-exercise

Times

B Creatine M Placebo

Figure 1. Changes in MDA and lactate levels at different times among different groups.

Recovery

Time X
Session
interaction
F p
6.4 0.008*

0.80 0.21
1.7 0.20
39.10 | 0.001*
0.34 0.71

markers. Specifically, MDA, GSH, GSSG, and the
GSSG/GSH ratio changed significantly immediately
after exercise compared with baseline in both
experimental sessions. However, regarding the effects

https://www.ren.uok.ac.ir
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of creatine supplementation, the present findings
indicated that creatine supplementation, compared
with placebo, prevented the exercise-induced increase
in oxidized glutathione and malondialdehyde, whereas
no significant effects were observed for the other
measured variables.

As described in the Introduction, increased exercise-
induced free radical production may be one of the
underlying mechanisms responsible for exercise-
related disturbances in muscle redox status and may
contribute to muscle fatigue and exercise-induced
muscle damage (22). Anaerobic exercise, such as the
Wingate test, has been shown to strongly stimulate
both the adenosine triphosphate—phosphocreatine
and glycolytic energy systems (23), thereby activating
purine catabolism and lactic acid production (8).
Consequently, these processes may contribute to
oxidative damage to proteins, lipids, and DNA (24).

The significant increase in lactate observed at the
second time point, followed by its return toward
baseline at the third time point, was expected given
the intensity of the exercise protocol and the limited
recovery intervals. Previous research examining the
contribution of different energy systems during a 30-
s Wingate test demonstrated that approximately 56%
of the energy supply is derived from the
glycolytic/lactate  system, whereas only 28% is
provided by the phosphagen system (25). Similarly,
the present protocol, which consisted of repeated 10-
s Wingate bouts interspersed with 1-min active
recovery periods, resulted in an increase in blood
lactate following exercise. Consistent with these
findings, Davoodian et al. (2012) reported a
significant increase in lactate concentration following
six 10-s Wingate tests; however, in contrast to the
present study, they observed a significant difference
in lactate levels between the creatine and placebo
groups (26). In the present study, no significant
difference in the magnitude of the lactate response
was observed between the creatine and placebo
conditions, which may be attributable to differences
in the dose and duration of supplementation. In the
study by Davoodian et al., participants received
creatine supplementation over two days, with four
doses administered per day. In contrast, the present
study employed an acute supplementation model.
Their protocol therefore involved a short-term
loading strategy, which would be expected to increase
total intramuscular creatine stores to a greater extent
than acute supplementation. These findings suggest
that the potential effects of creatine on lactate
metabolism may depend on both the dose and
duration of supplementation. Exercise-induced

Research in Exercise Nutrition, 2025; 4(2): 55-63.
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oxidative stress has been shown to decrease GSH and
increase MDA and GSSG levels, thereby altering the
GSSG/GSH ratio (24). This pattern was also
confirmed in the present study, as anaerobic exercise
induced these changes irrespective of the
supplementation condition. Sastre et al. also reported
linear relationships between the GSSG/GSH ratio
and the lactate-to-pyruvate ratio before, during, and
after exercise (27). Although relationships among
these variables were not directly examined in the
present study, the changes in lactate were generally
consistent with changes in GSH, GSSG, and the
GSSG/GSH ratio, providing indirect support for the
findings reported by Sastre et al. Regarding the effects
of creatine on the measured oxidative stress markers,
the present findings demonstrated that creatine
significantly prevented the increase in oxidized
glutathione at the second blood-sampling time point
compared with the placebo condition. Creatine also
prevented the increase in MDA observed at the third
time point. Creatine is synthesized from three amino
acids—arginine, glycine, and methionine—with its
synthesis involving several organs, including the liver,
pancreas, and kidneys (28). Creatine is one of the most
widely used ergogenic supplements among athletes at
different performance levels. As a popular
supplement in the sports and fitness industry, creatine
is believed to help maintain high-energy phosphate
stores during exercise. In addition, several
mechanisms underlying the beneficial effects of
creatine supplementation on exercise performance
have been identified (29).

The precise mechanism underlying the antioxidant
effects of creatine remains unclear. However,
evidence suggests that creatine may enhance
antioxidant enzyme activity and the capacity to
scavenge reactive oxygen species (ROS) and reactive
oxygen and nitrogen species (RONS). Creatine may
also preserve mitochondrial integrity through
activity  (30).

Furthermore, creatine supplementation may be

organelle-directed  antioxidant
particularly effective during short-duration exercise by
reducing intracellular calcium accumulation, limiting
ROS formation, and attenuating oxidative damage,
compared with its effects during prolonged exercise
(13). The antioxidant effects of creatine may also be
related to the presence of arginine within its molecular
structure. Arginine is a substrate for the nitric oxide
synthase family and can increase nitric oxide (NO)
production, which contributes to the regulation of
metabolism, muscle contraction, and glucose uptake
in skeletal muscle. Other constituent amino acids,
such as glycine and methionine, may also contribute
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to antioxidant defense through mechanisms related to
their chemical properties and susceptibility to
oxidation (13). Arautjo et al. reported that creatine
supplementation acted synergistically with exercise to
increase antioxidant enzyme activity in the liver of rats
(31). Their results demonstrated increased glutathione
peroxidase activity in both the exercise and exercise-
plus-creatine groups compared with the control
group. The discrepancy between the findings of the
present study and those of previous investigations
may primarily be attributable to differences in the
supplementation protocol. To the best of our
knowledge, the present study is among the few
investigations to examine the effects of acute creatine
supplementation on oxidative stress responses to
repeated high-intensity exercise, whereas most
previous studies investigating creatine
supplementation have employed multi-day loading
protocols. It is therefore possible that a single acute
dose of creatine is insufficient to induce the full
antioxidant  effects expected from  creatine
supplementation following increased intramuscular
creatine stores. Nevertheless, the present findings
suggest that acute supplementation may still have a
protective effect against increases in MDA and

GSSG.

The small sample size represents an important
limitation of the present study and may have reduced
the statistical power to detect significant changes in all
measured variables. Therefore, the generalizability of
the findings should be considered with caution, and
future studies involving larger sample sizes are
warranted. Although some dietary controls were
implemented, another limitation was the absence of
comprehensive monitoring of all food and fluid intake
throughout the study period. Future investigations
should therefore include a more comprehensive
assessment and control of participants’ dietary intake,
together with larger sample sizes, to improve
interpretation of the findings and provide more
robust validation of the observed differences.

5. Conclusion

Overall, the findings suggest that acute creatine
supplementation may exert protective effects on
selected oxidative and antioxidant markers,
particularly oxidized glutathione (GSSG) and
malondialdehyde (MDA), during repeated high-
intensity exercise. However, given the limited number
of studies investigating acute, single-session creatine
supplementation and the inconsistencies among

existing findings, further well-controlled studies with
larger sample sizes and different supplementation
protocols are needed to clarify the acute antioxidant
effects of creatine supplementation.

6. Highlights

Acute creatine supplementation may help limit
increases in oxidative stress markers during repeated
high-intensity Wingate exercise.

Creatine supplementation attenuated increases in
oxidized glutathione (GSSG) and malondialdehyde
(MDA) following repeated Wingate tests.

Statements

Funding

Part of the costs of this study was supported
financially by the Physical Education Research
Institute of the Ministry of Science through a research
project

Acknowledgments

The authors express their appreciation to the officials
and staff of the Physical Education Research Institute
of the Ministry of Science for their support.
Conflicts of Interest

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work
reported in this paper.

Authors' Contributions

All  authors  participated in  the  design,
implementation, and writing of all parts of this study.

References

[1]  Meng Q, Su CH. The impact of physical exercise
on oxidative and nitrosative stress: balancing the
benefits and risks. Antioxidants  (Basel).
2024;13(5):573. d0i:10.3390/antiox13050573

[2] Ebrahimi Samatin A, Mirdar S, Nasiri K. The
effect of a CrossFit training period with spirulina
supplementation on some indicators of oxidative
stress in young males. Research in Exercise
Nutrition. 2023;2(1):33-42.
doi:10.22034/ren.2024.140374.1048

[3] Ilbeigi S, Torab Beygi Z, Saghebjoo M, Jafari M.
Investigating the effect of two-week L-carnitine
supplementation on serum levels of total
antioxidant  capacity and malondialdehyde
following intense aerobic exercise in female karate
athletes. Research in Exercise Nutrition.
2024;3(4):13-23.
doi:10.22034/1en.2025.143618.1090

https://www.ren.uok.ac.ir

https://doi.org/10.22034/ren.2025.144365.1120



https://doi.org/10.22034/ren.2025.144365.1120
https://doi.org/10.3390/antiox13050573
https://doi.org/10.22034/ren.2024.140374.1048
https://doi.org/10.22034/ren.2025.143618.1090

62 |

The Effect of Creatine Supplementation on Some Oxidative Stress Indices and Glutathione Ratio ...

R

[4]

[10]

[11]

(12]

[14]

Clemente-Sudrez V], Bustamante-Sanchez A,
Mielgo-Ayuso ], Martinez-Guardado I, Martin-
Rodriguez A, Tornero-Aguilera JF. Antioxidants
and sports performance. Nutrients.
2023;15(10):2371. doi:10.3390/nu15102371

Powers SK, Deminice R, Ozdemir M, Yoshihara
T, Bomkamp MP, Hyatt H. Exercise-induced
oxidative stress: friend or foe? ] Sport Health Sci.
2020;9(5):415-425.
doi:10.1016/j.jshs.2020.04.001

Ammar A, Trabelsi K, Boukhris O, Glenn JM,
Bott N, Masmoudi L, et al. Effects of aerobic-,
anaerobic- and combined-based exercises on
plasma oxidative stress biomarkers in healthy
untrained young adults. Int ] Environ Res Public
Health. 2020;17(7):2601.
doi:10.3390/ijerph17072601

Padervand S, Hassani A, Kalalian Moghaddam H,
Donyaei A. The effect of taking ginger
supplement and progressive endurance training
on cellular damage in non-athlete men. ] Knowl
Health. 2014;9(2):9-13. doi:10.1234/knh.v9i2.58

Kawamura T, Muraoka 1. Exercise-induced
oxidative stress and the effects of antioxidant
intake  from a  physiological  viewpoint.
Antioxidants (Basel). 2018;7(9):119.
doi:10.3390/antiox7090119

Simioni C, Zauli G, Martelli AM, Vitale M,
Sacchetti G, Gonelli A, et al. Oxidative stress: role
of physical exercise and antioxidant nutraceuticals
in  adulthood and aging.  Oncotarget.
2018;9(24):17181-17198.
doi:10.18632/oncotarget.24729

Cao W, Qiu J, Cai T, Yi L, Benardot D, Zou M.
Effect of D-ribose supplementation on delayed
onset muscle soreness induced by plyometric
exercise in college students. | Int Soc Sports Nutr.
2020;17(1):42. doi:10.1186/s12970-020-00371-8

Ahmadi J, Hassani A, Donyai A. The effect of
ginseng supplementation and six weeks of
resistance training on aerobic and anaerobic
power in sedentary male students. J Pract Stud
Biosci Sport. 2015;3(5):45-55.

Golpasandi H, Ghotbi S, Mohammadi S. Meta-
analysis of creatine supplementation on muscle
strength and power in different sports fields.
Research in Exercise Nutrition. 2024;3(1):15-36.
doi:10.22034/ren.2025.142905.1068

Arazi H, Eghbali E, Suzuki K. Creatine
supplementation, physical exercise and oxidative
stress markers: a review of the mechanisms and
effectiveness. Nuttients. 2021;13(3):869.
doi:10.3390/nu13030869

Fijan A, Daryanoosh F, Kooroshfard N,
Hosseininezhad F, Foroozan N, Mehrez A. The
effect of creatine and sodium bicarbonate

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

supplementation on anaerobic performance,
fatigue index and futsal-specific performance test
in elite futsal players in pre-season training.
Research in Exercise Nutrition. 2022;1(2):43-52.
doi:10.34785/]019.2023.005

Xu H, Ahn B, Van Remmen H. Impact of aging
and oxidative stress on specific components of
excitation-contraction coupling in regulating
force generation. Sci Adv. 2022;8(43):eadd7377.
doi:10.1126/sciadv.add7377

Lawler JM, Barnes WS, Wu G, Song W, Demaree
S. Direct antioxidant properties of creatine.
Biochem Biophys Res Commun. 2002;290(1):47-
52. doi:10.1006/bbrc.2001.6164

Deminice R, Rosa FT, Franco GS, Jordao AA, de
Freitas EC. Effects of creatine supplementation
on oxidative stress and inflimmatory markers
after repeated-sprint exercise in humans.
Nutrition. 2013;29(9):1127-1132.
doi:10.1016/j.0ut.2013.03.003

Amiri E, Sheikholeslami-Vatani D. The role of
resistance training and creatine supplementation
on oxidative stress, antioxidant defense, muscle
strength, and quality of life in older adults. Front
Public Health. 2023;11:1062832.
doi:10.3389/fpubh.2023.1062832

Sawada Y, Ichikawa H, Ebine N, Minamiyama Y,
Alharbi AAD, Iwamoto N, et al. Effects of high-
intensity anaerobic exercise on the scavenging
activity of various reactive oxygen species and free
radicals in athletes. Nutrients. 2023;15(1):222.
doi:10.3390/1u15010222

Antonio J, Candow DG, Forbes SC, Gualano B,
Jagim AR, Kreider RB, et al. Common questions
and misconceptions about creatine
supplementation: what does the scientific
evidence really show? | Int Soc Sports Nutr.
2021;18(1):13. doi:10.1186/s12970-021-00412-w

Koenig CA, Benardot D, Cody M, Thompson
WR. Comparison of creatine monohydrate and
carbohydrate supplementation on repeated jump
height performance. ] Strength Cond Res.
2008;22(4):1081-1086.
doi:10.1519/JSC.0b013e31816a58¢6

Suzuki K, Tominaga T, Ruhee RT, Ma S.
Characterization and modulation of systemic
inflammatory response to exhaustive exercise in

relation to oxidative stress. Antioxidants (Basel).
2020;9(5):401. doi:10.3390/antiox9050401

Magherini F, Fiaschi T, Marzocchini R, Mannelli
M, Gamberi T, Modesti PA, et al. Oxidative stress
in exercise training: the involvement of
inflammation and peripheral signals. Free Radic
Res. 2019;53(11-12):1155-1165.
doi:10.1080/10715762.2019.1697438

Research in Exercise Nutrition, 2025; 4(2): 55-63.


https://doi.org/10.3390/nu15102371
https://doi.org/10.1016/j.jshs.2020.04.001
https://doi.org/10.3390/ijerph17072601
https://doi.org/10.1234/knh.v9i2.58
https://doi.org/10.3390/antiox7090119
https://doi.org/10.18632/oncotarget.24729
https://doi.org/10.1186/s12970-020-00371-8
https://doi.org/10.22034/ren.2025.142905.1068
https://doi.org/10.3390/nu13030869
https://doi.org/10.34785/J019.2023.005
https://doi.org/10.1126/sciadv.add7377
https://doi.org/10.1006/bbrc.2001.6164
https://doi.org/10.1016/j.nut.2013.03.003
https://doi.org/10.3389/fpubh.2023.1062832
https://doi.org/10.3390/nu15010222
https://doi.org/10.1186/s12970-021-00412-w
https://doi.org/10.1519/JSC.0b013e31816a58c6
https://doi.org/10.3390/antiox9050401
https://doi.org/10.1080/10715762.2019.1697438

63 | The Effect of Creatine Supplementation on Some Oxidative Stress Indices and ...

esearch in Exercise Nutrition

(24]

(2]

(26]

[27]

Belviranli M, Okudan N, Revan S, Balci S, Gokbel
H. Repeated supramaximal exercise-induced
oxidative stress: effect of B-alanine plus creatine
supplementation.  Asian ]  Sports  Med.
2016;7(1):¢26843. doi:10.5812/asjsm.26843

Smith JC, Hill DW. Contribution of energy
systems during a Wingate power test. Br ] Sports
Med. 1991;25(4):196-199.

doi:10.1136/bjsm.25.4.196

Davoodian N, Gharakhanlou R, Banitalebi E,
Barmaki S, Khazani A. Comparison of the effects
of creatine monohydrate, sodium bicarbonate and
their combined administration on anaerobic

performance and blood lactate level in wrestlers.
Iran J Nutr Sci Food Technol. 2012;7(2):57-66.

Sastre ], Asensi M, Gasco E, Pallardo FV, Ferrero
JA, Furukawa T, et al Exhaustive physical
exercise causes oxidation of glutathione status in
blood: prevention by antioxidant administration.
Am ] Physiol Regul Integr Comp Physiol.
1992;263(5):R992-R995.
doi:10.1152/ajpregu.1992.263.5.R992

28]

[29]

[30]

(31]

Rawson ES, Dolan E, Saunders B, Williams ME,
Gualano B. Creatine supplementation in sport,
exercise and health. In: Hoffman JR, editor.
Dietary supplementation in sport and exercise:
evidence, safety and ergogenic benefits. New

York: Routledge; 2019. p. 63-78.
doi:10.4324/9780429465567-7

Mihic S. Effects of short-term creatine
supplementation on  whole-body  protein

metabolism. 2018.

Jiaming Y, Rahimi MH. Creatine supplementation
effect on recovery following exercise-induced
muscle damage: a systematic review and meta-
analysis of randomized controlled trials. ] Food
Biochem. 2021;45(10):e13916.
doi:10.1111/jfbe.13916

Aradjo MB, Moura LP, Vieira Junior RC, Junior
MC, Dalia RA, Sponton AC, et al. Creatine
supplementation and oxidative stress in rat liver. |
Int Soc  Sports  Nutr.  2013;10(1):54.
doi:10.1186/1550-2783-10-54

https://www.ren.uok.ac.ir

https://doi.org/10.22034/ren.2025.144365.1120



https://doi.org/10.22034/ren.2025.144365.1120
https://doi.org/10.5812/asjsm.26843
https://doi.org/10.1136/bjsm.25.4.196
https://doi.org/10.1152/ajpregu.1992.263.5.R992
https://doi.org/10.4324/9780429465567-7
https://doi.org/10.1111/jfbc.13916
https://doi.org/10.1186/1550-2783-10-54

