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Oxidative stress is a critical contributor to the pathophysiology of ischemia/reperfusion (I/R) injury associated with testicular torsion
(TT) and detorsion (D) (TT/D). This study examines the antioxidative properties of the probiotics Lactobacillus (L.) reuteri and
Lactobacillus (L.) rhamnosus in ameliorating TT/D-induced oxidative and histological damage.Male Sprague–Dawley rats (n= 6 per
group) were allocated into five experimental groups: a sham-operated group, a torsion/detorsion (T/D) group, and three T/D groups
treated with L. reuteri (T/D+LRe), L. rhamnosus (T/D+LRm), or a combination of both (T/D+LRe+LRm). TT was induced by
rotating the right testis 720° clockwise for 2 h, followed by 60 days of reperfusion. The testis was then excised for further analysis. The
evaluated parameters included sperm quality, hormone levels (FSH, LH, and testosterone), as well as levels of malondialdehyde
(MDA) and glutathione (GSH). Additionally, the activities of myeloperoxidase (MPO) catalase (CAT), glutathione peroxidase
(GPx), and superoxide dismutase (SOD), as well as histological changes, were assessed. The findings demonstrated that TT/D
significantly increased the FSH and LH levels, reduced sperm quality and testosterone levels, elevated MDA levels, and enhanced
MPO activity. Additionally, TT/D reduced the GSH levels and the activities of GPx, CAT, and SOD. Probiotic treatment, particularly
with L. rhamnosus, significantly increased testicular GSH levels and the activities of antioxidant enzymes GPx and CAT while
reducing MDA levels and MPO activity. Histopathological analysis revealed severe testicular damage, including reductions in
spermatogenic, sertoli, and Leydig cells following TT/D, mitigated by L. rhamnosus. These results suggest that probiotics, especially
L. rhamnosus, may protect against I/R injury in a rat model of testicular T/D, likely due to their antioxidant properties.
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1. Introduction

Testicular torsion (TT) is a critical urological emergency pre-
dominantly affecting neonates, children, and adolescents. It
arises from the spermatic cord twisting, which restricts blood
flow to the testis, resulting in ischemia, and severe pain [1].
Research indicates that the degree of testicular injury is strongly

correlated with both the duration and severity of the torsion.
Early diagnosis and surgical correction are vital to preventing
irreversible testicular damage andminimizing the risks of infer-
tility and subfertility [2]. Damage caused by torsion can persist
even after detorsion (D). Although D and reoxygenation of the
testis are critical for mitigating severe testicular injury and
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primarily due to increased oxidative stress and inflammation.
These effects included tissue necrosis, seminiferous tubule atro-
phy, reduced seminiferous epithelium volume, decreased tes-
ticular cell count, impaired spermatogenesis, lower sperm
quality, and diminished testosterone secretion.

Notably, L. rhamnosus was shown for the first time to
partially mitigate these damages in a T/D rat model, demon-
strating its protective role against I/R injury. The results indi-
cated that probiotics, particularly L. rhamnosus, reduce
oxidative stress and inflammation, thereby improving sper-
matogenesis and sperm quality. Furthermore, our results indi-
cated that L. rhamnosus exhibited stronger antioxidant,
anti-inflammatory, and tissue-protective properties compared
to L. reuteri in reducing testicular I/R injury. In particular,
L. rhamnosus demonstrated superior efficacy in enhancing
the sperm quality, lowering oxidative stressmarkers, andmain-
taining the structural integrity of the testicular tissue. Probiotics
may be a promising therapeutic option for mitigating testicular
damage. However, further clinical trials are needed to optimize
the dosage and evaluate the efficacy of different probiotic
strains or their combinations for potential human applications

Data Availability Statement

All data used to support the findings of this study were ana-
lyzed and included in the article.

Conflicts of Interest

The authors declare no conflicts of interest.

Author Contributions

Zohresadat Akbari and Farhad Koohpeyma contributed to
experimental investigation, data collection, and analysis.
Narges Karbalaei, Saied Karbalay-Doust, Sourena Rastin, and
Seyed Shahram Shekarforoush contributed to the supervision,
conception, and design of the research, and interpretation of
the findings. All authors read and approved the final
manuscript.

Funding

This study was financially supported by Shiraz University of
Medical Sciences as a grant (Grant No. 26826), Shiraz, Iran.

Acknowledgments

This study was financially supported by Shiraz University of
Medical Sciences as a grant (Grant No. 26826), Shiraz, Iran.
The authors would like to thank Shiraz University of Medical
Sciences, Shiraz, Iran and also Center for Development of Clin-
ical Research of Nemazee Hospital and Dr. Nasrin Shokrpour
for editorial assistance.

References

[1] Á. M. Fehér and Z. Bajory, “A Review of Main Controversial
Aspects of Acute Testicular Torsion,” Journal of Acute Disease
5, no. 1 (2016): 1–8.

[2] F. M. Jacobsen, T. M. Rudlang, M. Fode, et al., “The Impact of
Testicular Torsion on Testicular Function,” World Journal of
Men’s Health 38, no. 3 (2020): 298–307.

[3] S. Shimizu, P. Tsounapi, F. Dimitriadis, Y. Higashi,
T. Shimizu, and M. Saito, “Testicular Torsion-Detorsion and
Potential Therapeutic Treatments: A Possible Role for
Ischemic Postconditioning,” International Journal of Urology
23, no. 6 (2016): 454–463.

[4] S. Ozmen, S. Ayhan, Y. Demir, M. Siemionow, and K. Atabay,
“Impact of Gradual Blood Flow Increase on Ischaemia-
Reperfusion Injury in the Rat Cremaster Microcirculation
Model,” Journal of Plastic, Reconstructive and Aesthetic
Surgery 61, no. 8 (2008): 939–948.

[5] O. Can, L. Canat, F. C. Eraldemir, et al., “Protective Effect of
Oltipraz in Testicular Ischaemia/Reperfusion Injury: An
Experimental Study,” Andrologia 54, no. 1 (2022): e14245.

[6] D. W. Filho, M. A. Torres, A. L. Bordin, T. B. Crezcynski-
Pasa, and A. Boveris, “Spermatic Cord Torsion, Reactive
Oxygen and Nitrogen Species and Ischemia-Reperfusion
Injury,” Molecular Aspects of Medicine 25, no. 1-2 (2004):
199–210.

[7] V. Unsal, T. Dalkiran, M. Çiçek, and E. Kölükçü, “The Role of
Natural Antioxidants Against Reactive Oxygen Species
Produced by Cadmium Toxicity: A Review,” Advanced
Pharmaceutical Bulletin 10, no. 2 (2020): 184–202.

[8] K. Sarikaya, E. Kölükçü, V. Unsal, and S. Özdemir, “Protective
Effects of Syringic Acid on Ischemia-Reperfusion Injury in
Testicular Torsion: An Experimental Study in a Rat Model,”
Cureus 15, no. 7 (2023): e42390.

[9] E. Kölükçü, D. Atilgan, N. Uluocak, F. Deresoy, M. Katar, and
V. Unsal, “Milrinone Ameliorates Ischaemia-Reperfusion
Injury in Experimental Testicular Torsion/Detorsion Rat
Model,” Andrologia 53, no. 8 (2021): e14128, 11.

[10] E. Vakili-Sadeghi, A. Najafpour, and R. Mohammadi,
“Protective Effects of Propolis on Ischemia-Reperfusion
Injury in a Rat Testicular Torsion and Detorsion Model,”
Veterinary Research Forum 14, no. 7 (2023): 389–395.

[11] A. Baghban, R. Mohammadi, V. Mohammadi, and S. Javadi,
“Effects of Interaperitoneal Administration of α-Tocopherol
Acetate on Ischemia-Reperfusion Injury in Ovaries in Female
Cats of Animal House Shelter Undergoing Elective
Ovariohysterectomy,” Iranian Journal of Veterinary Surgery
19, no. 2 (2024): 89–96.

[12] S. M. Khoshnazar, M. Mohagheghi, S. Rahimi, S. Dabiri,
N. Shahrokhi, and S. Shafieipour, “Geraniol Modulates
Inflammatory and Antioxidant Pathways to Mitigate Intestinal
Ischemia-Reperfusion Injury in Male Rats,” Naunyn-Schmie-
deberg’s Archives of Pharmacology 22 (2025): 1–15.

[13] W. Lin, H. Chen, X. Chen, and C. Guo, “The Roles of
Neutrophil-Derived Myeloperoxidase (MPO) in Diseases: The
New Progress,” Antioxidants 13, no. 1 (2024): 132.

[14] E. Thursby and N. Juge, “Introduction to the Human Gut
Microbiota,” Biochemical Journal 474, no. 11 (2017): 1823–
1836.

[15] S. Lv, J. Huang, Y. Luo, et al., “Gut Microbiota is Involved in
Male Reproductive Function: A Review,” Frontiers in
Microbiology 15 (2024): 1–14.

[16] H. Cai, X. Cao, D. Qin, et al., “Gut Microbiota Supports Male
Reproduction Via Nutrition, Immunity, and Signaling,”
Frontiers in Microbiology 13 (2022): 1–12.

[17] N. Leelani, P. Bajic, N. Parekh, S. C. Vij, and S. D. Lundy, “The
Emerging Role of the Gut-Testis Axis in Male Reproductive
Health and Infertility,” F and S Reviews 4, no. 2 (2023): 131–
141.

16 Andrologia

 and, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/and/8508956 by Shiraz U

niversity of M
edical Sciences, W

iley O
nline L

ibrary on [22/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

2420064828
Highlight

2420064828
Highlight


