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chronic diseases. Regular physical activity and the use of natural supplements such

Keywords: as royal jelly have been suggested as strategies to reduce oxidative stress and

. strengthen the antioxidant defense system. This systematic review and meta-analysis
Antioxidant . . . . . "
Exercise aimed to investigate the effect of exercise and royal jelly supplementation on
Malondialdehyde oxidative stress indices and antioxidant enzyme activity in human and animal
Royal Jelly studies.

Methods: Articles published in Persian and English until August 31, 2025, that
examined the simultaneous effect of exercise and royal jelly supplementation were
searched from Pub Med, Google scholar, Science direct, SID, Scopus, and Irandoc
databases and entered into meta-analysis. Random effects models were used for
meta-analysis of the medium effect size (difference in mean with 95% confidence
interval). In the present study, Malondialdehyde (MDA) was selected as an oxidative
index and superoxide dismutase (SOD) and glutathione peroxidase (GPX) were
selected as antioxidant enzymes, and statistical analysis was performed using
Comprehensive Meta-Analysis (Version 2) CMA2 software.

Results: A total of 10 articles that examined the effects of exercise and royal jelly
supplementation on markers of oxidative stress and antioxidant enzymes were
included in the meta-analysis. The results of the meta-analysis showed that royal
jelly supplementation and exercise training had no significant effect on
malondialdehyde (ES=-0.149, 95% Cl=-0.837 to -1.135, p=0.767) and superoxide
dismutase (ES=-0.53, 95% Cl=-0.500 to -0.42, p=0.27). However, glutathione
peroxidase enzyme activity was significantly increased (ES=2.23, 95% Cl=-0.72 to
0.74, p=0.003).

Conclusion: The combination of exercise and royal jelly supplementation
significantly increases the activity of the antioxidant enzyme glutathione peroxidase
in animal studies and also prevents the increase in malondialdehyde levels, which is
an indicator of oxidative stress.
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INTRODUCTION

Redox homeostasis is a fundamental principle
of cellular physiology, the maintenance of
which is essential for normal organ function
and overall organismal health. During normal
metabolic  processes, particularly in the
mitochondrial electron transport chain, highly
reactive molecules called reactive oxygen
species are produced. Under physiological
conditions, the production of reactive oxygen
species is controlled by a complex and
multilayered  antioxidant defense  system,
including endogenous enzymes, such as
superoxide dismutase, glutathione peroxidase,
and catalase, as well as nonenzymatic
antioxidants. Exercise, especially intense and
exhausting  training  sessions, creates a
physiological paradox in the context of redox
balance. On the one hand, the 10- to 20-fold
increase in oxygen consumption during
exercise significantly increases the production
of reactive oxygen species in active skeletal
muscle and can lead to acute oxidative stress,
muscle damage, and fatigue. However, the
boundary between a beneficial hormetic
response and harmful oxidative damage is
influenced by factors, such as intensity,
duration, and type of exercise, as well as the
individual's level of physical fitness and
nutritional status. This complexity has drawn
the attention of researchers to nutritional
adjuvant strategies to modulate exercise-
induced oxidative stress and optimize recovery
and adaptation processes. Among natural
supplements, royal jelly, a nutrient-rich
secretion from the glands of worker honey bees,
has attracted particular attention due to its
unique biological properties. Given the
increasing  popularity of using  natural
supplements alongside exercise to improve
health and performance, it is of great
importance to shed light on this issue.
Therefore, the main objective of the present
study is to, for the first time, quantitatively and
systematically evaluate the combined effect of

exercise interventions and  royal jelly
supplementation on malondialdehyde,
superoxide  dismutase, and  glutathione

peroxidase levels through a systematic review
and meta-analysis.

METHODS

The present systematic review and meta-
analysis was conducted according to the
Cochrane and PRISMA guidelines. To extract
articles, an advanced search was conducted in
the Science Direct, Scopus, and Pubmed
databases, with no time limit until August 31,
2025, including research conducted on animal
studies to precisely control the dosage of royal
jelly, eliminate dietary and lifestyle variables,
and also allow for direct examination of tissues,
using the following keywords in English. "Royal

Jelly" or "Oxidative Stress" or
"Malondialdehyde"  or  "Antioxidant"  or
"Exercise" or "Superoxide dismutase" and

"Glutathione peroxidase".

RESULTS

Oxidative stress index: In investigating the effect of
exercise and royal jelly supplementation on the
oxidative stress index (malondialdehyde), 9 studies
were entered into the CMA software and analyzed.
The obtained I2 was greater than 50% (1°=85.52), so
a random effect size model was used for data
analysis  (p=0.001). The results showed no
significant change in malondialdehyde (ES=-0.149,
95% Cl=-0.837 to -1.135, p=0.767). No asymmetry
was observed in the study of publication bias
(Egger’s regression P-value=0.52).

Superoxide dismutase: In order to investigate the
effect of exercise and royal jelly supplementation on
superoxide dismutase, 12 studies were entered into
the CMA software and analyzed. The obtained I2
was greater than 50% (1°=84.75), so the random
effect size model was used for data analysis
(p=0.001). The results showed no significant change
in superoxide dismutase (ES=-0.53, 95% Cl=-0.500
to -0.42, p=0.27). No asymmetry was observed in
the study of publication bias (Egger’s regression P-
value=0.52).

Glutathione peroxidase: In order to investigate the
effect of exercise and royal jelly supplementation on
glutathione peroxidase, 12 studies were entered into
the CMA software and analyzed. The obtained 12
was greater than 50% (1?=91.25), so the random
effect size model was used for data analysis
(p=0.001). The results showed a significant increase
in glutathione peroxidase (ES=2.23, 95% Cl=3.72 to
0.74, p=0.003). No asymmetry was observed in the
study of publication bias (Egger’s regression F-
value=0.09).

CONCLUSION

Overall, this systematic review and meta-analysis
provide strong quantitative evidence that the
combination of exercise and royal jelly
supplementation  specifically and significantly
increases the activity of the critical enzyme
glutathione peroxidase in animal models, suggesting
a targeted antioxidant adaptation and enhancement
of the glutathione-dependent defense system. It also
prevents the increase in malondialdehyde levels,
which is an indicator of oxidative stress. However,
regarding the potential effects of exercise and royal
jelly  supplementation in regulating oxidative
balance, randomized clinical trials with careful
design, standardized dosing, and control of
intervening variables and evaluation of clinical
outcomes are necessary to confirm  the
generalizability of these findings to humans.
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Study name

Sid diff  Standard

inmeans error  Variance limit

Bakir et al 2023-8 5372 1239 1536 2.943
Bakir etal 2023-L 1.293 0.635 0.403  0.049
Bakir et al 2023-K 0.268 0.580 0.336 -0.868
Zangiband ct al 2023 -1.399 0.644 0415 -2.662
Mokhtari etal 2024a 0.000 0.535 0.286 -1.048
Mokhtari et al 2024b -2.022 0.657 0432 -3310
Haq Panah Siasar etal 2023 0.000 0.577 0.333 -1.132
Ma'ghouli et al 2022 -1.494 0.533 0.284 -2.539
Hoseinzade et al 2022 -1414 0527 0278 -2447

-0.149 0.503 0.253 -1.135

Statistics for each study
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Zangiband et al 2023 1.247 0.631 0398 0.010 2483 1976 0.048 p—
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Azimpour et al 2021 0.177 0.536  0.287 -0.873 1.227 0331 0.741
Hoseinzade et al 2022 1.740 0.553 0306 0.655 2.825 3.144 0.002
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Study name Statistics for each study Std diff in means and 95% CI

Std diff  Standard Lower Upper

inmeans error Variance limit limit Z-Value p-Value
Bakir et al 2023-S -4.366 1.062  1.127 -6.447 -2.285 -4.111 0.000 —
Bakir etal 2023-L -0.134 0.578 0334 -1267 0998 -0.233 0816
Bakir etal 2023-K -1.890 0.694 0482 -3251 -0.529 -2.722 0.006 ——
Zangiband et al 2023 5.207 1209 1463 2836 7.577 4305 0.000 —
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Mousazadeh et al 2022b 8.827 1.752  3.068 5.394 12.260 5.039 0.000
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Azimpour et al 2021 1.224 0582 0339 0.083 2366 2.102 0.036 —N—
Hoseinzade et al 2022 2209 0598 0358 1.037 3382 3.693 0.000
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