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What’s known on the subject? and What does the study add?

Ischemia-reperfusion-induced changes in testicular histological parameters have been shown to be improved by pioglitazone 6 mg/kg
therapy. Pioglitazone can be used in emergencies such as torsion and other chronic diseases to improve testicular functions.

Abstract E T

Objective: This study demonstrated the protective effects of pioglitazone (Pio) on testicular torsion/detorsion-induced ischemia-reperfusion (I/R)
injury.

Materials and Methods: A total of 48 male rats were randomly divided into six experimental groups of eight rats each; Control group, I/R group,
Pio 3 mg/kg group, I/R treated with Pio 3 mg/kg group, Pio 6 mg/kg group, and I/R treated with Pio 6 mg/kg group. Testicular torsion was induced
by twisting the left testis 720 °C in a clockwise direction (I/R groups). Both ischemia and reperfusion periods were 4 h. Single-dose 3 mg/kg Pio or 6
mg/kg Pio was administered orally two hours before reperfusion (Pio groups). Left orchiectomy was performed at the end of the protocol.

Results: In the I/R within-group analysis for mean seminiferous tubule diameter and epithelial lengths, a statistically significant difference was
found only in the Pio 6 group (p=0.005; p=0.005). But Pio treatment failed to improve the levels of malondialdehyde and glutathione. Also, it did
not cause any change in the non-I/R groups.

Conclusion: Considering the findings of Pio, it may be used in emergencies such as torsion and other chronic diseases.
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Introduction that protect the testis in the I/R period by reducing oxidative

stress have been the subject of many studies (5).

Torsion of the spermatic cord is a urological emergency that ) ) .
Peroxisome proliferator-activated receptors (PPARs) are

subfamily nuclear hormone receptors, which regulate the
transcription of several genes related to lipid metabolism,
energy expenditure, atherosclerosis, infertility and inflammation
(6). Pioglitazone (Pio) is a synthetic agonist of PPAR-y that was
Both ischemia and reperfusion phases cause the accumulation used to reduce insulin resistance in type 2 diabetes mellitus
of reactive oxygen species (ROS) after induction of lipid patients (7). Several studies have revealed the protective
peroxidation and oxidative stress (4). Pharmacological agents effects of Pio on I/R damage (8-10). There is strong evidence

usually requires surgical intervention (1). Permanent damage to
the testis and spermatogenesis may occur despite early surgery
(2). Ischemia-reperfusion (I/R) injury due to interruption of
blood flow is seen in end organs such as the testis and kidney (3).
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that it decreases injury by increasing the antioxidant capacity,
especially in the kidneys (11).In this study, we investigated the
possible protective effects of Pio on testicular I/R injury by
measuring malondialdehyde (MDA), which is a marker of lipid
peroxidation in tissues, and reduced glutathione (GSH) levels
that show intense exposure to oxidative stress, and assessment
of the histological pattern of testicular tissue.

Materials and Methods

Pio’s Biochemical Properties

Thiazolidinediones have beneficial effects on lipid metabolism,
endothelial function, oxidative stress, and vascular inflammation
in addition to their antihyperglycemic effects (12).

Thiazolidinediones have intracellular antioxidant activity (13).
This property reflects its anti-oxidant effects. These compounds
work as antioxidants by preventing multiple pathways that
induce oxidative stress in hyperglycemic conditions, rather
than by releasing free radicals. Thiazolidinediones, in particular
Pio, have been discovered to be a potent glycation and protein
cross-linking inhibitor as well as a strong antioxidant (14).

Animals

All experimental procedures were managed according to
international ethical guidelines and were approved by the
Local Ethical Committee of Trakya University (reference code

‘ 48 male Wistar Albino rats

4

2020.02.01). A total of 48 healthy male Wistar Albino rats aged
16-20 weeks (400-500 g) were obtained from the Medical
Faculty Experimental Animals and Research Laboratory. Rats
were housed at the Animal Care and Research Unit under
standard laboratory conditions at a relative humidity of 60%,
temperature of 22+2 °C, 12-hr light-dark cycle, and fed with
dry rodent chow and water ad libitum.

Study Design

A total of 48 male rats were divided into six experimental
groups;

1. The control group (n=8): Rats treated only with orchiectomy.

2. 1/R (n=8): Rats were subjected to four hours of ischemia
then four hours of reperfusion and treated with a 0.9% saline
solution orally two hours before reperfusion.

3. Pio 3 (n=8): Rats were treated with 3 mg/kg Pio (Sanovel,
Istanbul, Turkiye) orally six hours before orchiectomy.

4. 1/R + Pio 3 (n=8): Rats were subjected to four hours of
ischemia then four hours of reperfusion and treated with 3 mg/
kg Pio orally two hours before reperfusion.

5. Pio 6 (n=8): Rats were treated with 6 mg/kg Pio orally six
hours before orchiectomy.

6. I/R + Pio 6 (n=8): Rats were subjected to four hours of
ischemia then four hours of reperfusion and treated with 6 mg/
kg Pio orally two hours before reperfusion (Figure 1).

Control group (n:8)

Treated with a 0.9%
saline solution
e e
prior to reperfusion

Pio 3 mg/kg group (n:8)

Treated with Pio
IR + Pio 3 mg/kg group (n:8)

orally two  hours /

Pio 6 mg/kg group (n:8)

Treated with Pio
orally six hours
prior to orchiectomy

I/R + Pio 6 mg/kg group (n:8)

Figure 1. Study design
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Surgical Procedure

All surgical operations were performed under IM administration
of xylazine (10 mg/kg, Alfasan International, Woerden, Holland)
and ketamine (75 mg/kg, Pfizer Pharma GMBH, Germany). The
skin of the scrotum was disinfected with 10% povidone-iodine
solution. The scrotum was entered with a midline incision.
After the opening of the tunica vaginalis, the left testis was
identified. Torsion was then induced by twisting it 720 °C in
a clockwise direction (I/R groups). The torsion position was
maintained by fixing the testicle to the scrotum with a 4-0 silk
suture (Figure 2). Single-dose 3 mg/kg Pio or 6 mg/kg Pio was
administered orally two hours before reperfusion (Pio groups).
After 4 h of ischemia, the testis was returned to the normal
position for a 4-hour reperfusion period. Then left orchiectomy
was performed for all groups. Testes tissue samples were taken
for histopathological investigation. Rats were killed by cervical
dislocation at the end of the protocol.

Histopathological Study and Spermatogenesis Evaluation

The tissue samples of each rat were fixed in 10% neutral
formaldehyde and then the testis was sampled by the
pathologist, including the largest surface from the middle. Each
tissue was prepared as 5-pum sections from each paraffin block
and stained with hematoxylin-eosin (H-E). Seminiferous tubule
diameters, epithelial lengths (EL) and Johnsen testicular biopsy
scores were calculated. Mean seminiferous tubule diameter

Figure 2. Surgical Procedure A. Midline scrotal incision, B. The left testicle
was released from the gubernaculum, C. Twisting testicular cord 720 °C in
a clockwise direction, D. The torsion position was maintained by fixing the
testicle to the scrotum with a 4-0 silk suture

(MSTD) was measured in micrometers. Spermatogenesis was
defined using Johnsen's mean testicular biopsy score (MTBS)
criteria (15). Twenty tubules from each sample were randomly
selected and scored from 1 to 10. Due to oxidative stress, EL
and MSTD become shorter. These parameters are expected to
deteriorate during I/R damage.

Biochemical Analysis

Asolution of 0.15 M KCI was used for the determination of MDA
and GSH levels. Homogenates of 10% (w:v) were prepared from
tissue samples and 0.15 M KCl solution. The supernatants were
obtained by centrifuging the homogenates at 1500xg for 10
min at + 4 °C. Supernatants were used for spectrophotometric
measurements of MDA and GSH levels. The pink resulting from
the reaction of MDA with thiobarbituric acid (TBA) in a hot and
acidic environment was measured using the spectrophotometric
method (16). The GSH level was determined according to the
Ellman (17) method. The color of free sulfhydryl groups in tissue
homogenates was determined spectrophotometrically by Ellman
(17) reagent. Tissue protein levels were determined by the
Lowry method, which is based on the principle that the alkali
copper tartrate reagent complexes with peptide bonds (18).
When the phenol reagent is added to the mixture treated with
copper, it creates a blue-purple color and which was measured
spectrophotometrically at 660 nm.

Statistical Analysis

All statistical analyses were performed using SPSS version
22.0 (SPSS, Chicago, IL, USA). All data are presented as mean
+ standard deviation. One-Way analysis of variance (ANOVA)
followed by post-hoc Tukey multiple comparison test was used
to define statistical significance in multiple group comparisons.
For the comparison of quantitative data, the Kruskal-Wallis test
was used for intergroup comparisons of parameters that did not
have a normal distribution, and the Mann-Whitney U test was
used to identify the group that caused the difference. A p<0.05
value was considered statistically significant.

Results

Histopathological Changes

The MSTD was significantly shorter in the groups with I/R than
those without I/R (p<0.05). In the I/R within-group analysis,
eased MSTD was seen only in the Pio 6 group. Furthermore, a
statistically significant difference was found only in the Pio 6
group (p=0.005; p=0.005). The EL was significantly shorter in
the groups with I/R than those without I/R (p<0.05). In the I/R
within-group analysis, eased EL was seen only in the Pio 6 group.
Moreover, a statistically significant difference was found only
in the Pio 6 group (p<0.05; p<0.05). The MTBS was significantly
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lower in the groups with I/R compared with those without I/R
(p<0.05). The differences in the levels of MSTD, EL and MTBS
were not significant between the non-I/R within-group analysis
(p=0.591, p=0.674, p=0.767) (Figure 3). In the I/R within-group
analysis, little ease was observed in the Pio 6 group, but it was
not statistically significant (p=0.767) (Table 1).

Biochemical Analysis

The MDA was significantly higher in the groups with I/R
than those without I/R (p<0.05). The differences in the levels
MDA were not significant between the non-I/R within-group

Figure 3. Histological images of hematoxylin and eosin (H & E, 100X) staining
of testicular tissue, A: Control, B: I/R, C: Pio 3, D: I/R + Pio 3, E: Pio 6, F: I/R +
Pio 6. I/R: Ischemia-reperfusion, Pio: Pioglitazone, Red line: Epithelial length,
Blue line: Seminiferous tubule diameter, Green arrow in B, D, F: Necrosis
accumulation

analysis (p=0.812). In the I/R within-group analysis, little ease
was observed in the Pio 6 group, but it was not statistically
significant (p=0.492). GSH was significantly lower in the groups
with I/R than those without I/R (p<0.05). The differences in the
levels of GSH were not significant between the non-1/R within-
group analysis (p=0.996). In the I/R within-group analysis, little
ease was observed in the Pio 6 group, but it was not statistically
significant (p=0.845) (Table 2).

Discussion

Testicular torsion is a urological emergency that mostly
affects young men (19). Despite early and successful surgical
intervention, testicular functions are damaged by oxidative
stress during I/R periods (20). The burst of mitochondrial ROS
generation consumes natural antioxidants and leads to oxidative
stress. Identifying medical agents to protect the testes from I/R
injury would be potentially useful. Until now, many medications
like oxygen radical scavengers have been successfully studied to
reduce oxidative stress in animal models with I/R injury (21). But
most of them are not currently in clinical use because of severe
adverse effects.

I/R prompts the activation of neutrophils, increased
thrombogenicity and inflammatory cytokines, the release of
intracellular Ca, and the production of oxygen-derived free
radicals (22). Pio was shown to reduce I/R damage by increasing
the antioxidant capacity in many tissues (11,23). In a previous
study, it was shown that Pio eased histopathological findings at
both 1 and 3 mg/kg in testicular ischemia in rats and increased
the levels of GSH and decreased levels of MDA (24). It's possible
that some variables may cause this study's results to differ
from ours. First unlike us, Pio was given intraperitoneally in
that study. Also, pio was administered 30 min before detortion,
whereas it was administered 2 h before detortion in our study.
Another study revealed, Pio increased the levels of GSH at 10

Table 1. Histopathologic evaluation between groups (n=8 for each group)

Groups MSTD (um) p-value EL (um) p-value MTBS p-value
Control vs Pio 3 165-170 0.591 44.38-43.75 0.674 9.75-9.88 0.591
Control vs Pio 6 165-167.5 0.591 44.38-45.62 0.674 9.75-9.88 0.591
Pio 3 vs Pio 6 170-167.5 0.591 43.75-45.62 0.674 9.88-9.88 0.591
Control vs I/R 165-113.75 0.001 44.38-32.5 0.001 9.75-6.25 0.001
Pio 3 vs I/R+Pio 3 170-113.75 0.001 43.75-32.5 0.001 9.88-6.25 0.001
Pio 6 vs I/R+Pio 6 167.5-128.75 0.001 45.62-38.75 0.001 9.88-6.62 0.001
I/R vs I/R+Pio 3 113.75-113.75 0.002 32.5-32.5 0.001 6.25-6.25 0.767
I/R vs I/R+Pio 6 113.75-128.75 0.002 32.5-38.75 0.001 6.25-6.62 0.767
I/R+Pio 3 vs I/R+Pio 6 113.75-128.75 0.002 32.5-38.75 0.001 6.25-6.62 0.767
MSTD: Mean seminiferous tubule diameter, EL: Epithelial lengths, MTBS: Johnsen's mean testicular biopsy score, Pio: Pioglitazone, I/R: Ischemia-reperfusion, values are mean + standard
deviation p<0.05 was considered statistically significant

*Statistical analyses were performed between treatment groups.
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Table 2. Biochemical analysis between groups (n=8 for each group)

Groups MDA (nmol/mg) p-value GSH (nmol/mg) p-value
Control vs Pio 3 0.78-0.75 0.812 891.8-895.3 0.996
Control vs Pio 6 0.78-0.76 0.812 891.8-905.6 0.996
Pio 3 vs Pio 6 0.75-0.76 0.812 895.3-905.6 0.996
Control vs I/R 0.78-1.00 0.001 891.8-694.4 0.001
Pio 3 vs I/R+Pio 3 0.75-0.99 0.001 895.3-679.0 0.001
Pio 6 vs I/R+Pio 6 0.76-0.90 0.001 905.6-746.0 0.001
I/R vs I/R+Pio 3 1.00-0.99 0.492 694.4-679.0 0.845
I/R vs I/R+Pio 6 1.00-0.90 0.492 694.4-746.0 0.845
I/R+Pio 3 vs |/R+Pio 6 0.99-0.99 0.492 679.0-746.0 0.845
MDA: Malondialdehyde; GSH, glutathione; Pio, Pioglitazone; I/R, Ischemia-reperfusion; values are mean + SD. p<0.05 was considered statistically significant
*Statistical analyses were performed between treatment groups.

mg/kg during renal ischemia in rats (11). Pio increased the levels
of GSH at both 20 and 40 mg/kg for renal ischemia in rats in
a other study (25). In this study, Pio showed improvement in
histopathological findings at a dose of 6 mg/kg, but failed to
improve the level of MDA and GSH. Also, it did not cause any
change in the non-I/R groups. These findings may be related
to the beneficial effects of spermatic cell proliferation on the
seminiferous tubules.

Consensus has not yet been reached on the dose and duration of
Pio for the most effective antioxidant treatment. Furthermore,
randomized controlled studies on large human samples are
needed in terms of the side effect profile with this effective
dose.

Study Limitations

The fact that our study is an animal study is an important
limitation. Studies on the effects of Pio on humans should be
conducted to strengthen these findings.

Conclusion

I/R of 4 h causes severe damage in the testis. The administration
of Pio improved the histopathological parameters. Moreover,
further investigations with higher doses must demonstrate the
potential effects of Pio in I/R injury and other diseases that
affect spermatogenesis.

Ethics

Ethics Committee Approval: All experimental procedures were
managed according to international ethical guidelines and were
approved by the Local Ethical Committee of Trakya University
(reference code 2020.02.01).

Informed Consent: Informed consent was obtained.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: i.Y.S., M.D.D., M.AA.,, S.M., OK,
ET, TA. Concept: i.Y.S., M.AA., SM. OK, ET, TA. Design:
i.Y.§., M.D.D., M.AA., SM., OK., ET., TA. Data Collection or
Processing: i.Y.§., M.D.D., M.AAA., SM., OK., ET, TA., Analysis or
Interpretation: .Y.S., M.D.D., M.AA, S.M., 0K, ET, TA, Literature
Search: 1.Y.S., M.D.D., MAAA, SM., OK, ET, TA, Writing: .Y,
M.D.D., MAAA., SM., OK, ET, TA.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declare that they have no
relevant financial.

References

1. Schick MA, Sternard BT. Testicular Torsion. StatPearls. Treasure Island (FL)
2020.

2. Jacobsen FM, Rudlang TM, Fode M, Ostergren PB, Sonksen J, Ohl DA,
Jensen CSF, Collaborative CM. The Impact of Testicular Torsion on Testicular
Function. World J Mens Health 2020;38:298-307.

3. Sekulic-Jablanovic M, Petkovic V, Wright MB, Kucharava K, Huerzeler
N, Levano S, Brand Y, Leitmeyer K, Glutz A, Bausch A, Bodmer D. Effects
of peroxisome proliferator activated receptors (PPAR)-gamma and
-alpha agonists on cochlear protection from oxidative stress. PLoS One
2017;12:¢0188596.

4. Aktoz T, Caloglu M, Yurut-Caloglu V, Yalcin O, Aydogdu N, Nurlu D, Arda
E, Inci O. Histopathological and biochemical comparisons of the protective
effects of amifostine and I-carnitine against radiation-induced acute
testicular toxicity in rats. Andrologia 2017;49.

5. Aktoz T, Kanter M, Aktas C. Protective effects of quercetin on testicular
torsion/detorsion-induced ischaemia-reperfusion injury in rats. Andrologia
2010;42:376-383.

6. Elshazly S, Soliman E. PPAR gamma agonist, pioglitazone, rescues liver
damage induced by renal ischemia/reperfusion injury. Toxicol Appl
Pharmacol 2019;362:86-94.

7. Le P, Chaitoff A, Rothberg MB, McCullough A, Alkhouri N. Trends in
pioglitazone use among U.S. adults with type 2 diabetes and suspected
nonalcoholic fatty liver disease. Expert Opin Investig Drugs 2020;29:205-
208.

17



Sentiirk et al.
Pioglitazone Alleviates Testicular Damage

J Urol Surg,
2023;10(2):167-172

12.
13.

Chen W, Xi X, Zhang S, Zou C, Kuang R, Ye Z, Huang Y, Hu H. Pioglitazone
Protects Against Renal Ischemia-Reperfusion Injury via the AMP-Activated
Protein Kinase-Regulated Autophagy Pathway. Front Pharmacol 2018;9:851.

Zhang XY, Xiao YQ, Zhang Y, Ye W. Protective effect of pioglitazone on
retinal ischemia/reperfusion injury in rats. Invest Ophthalmol Vis Sci
2013;54:3912-3921.

Tawfik MK. Renoprotective activity of telmisartan versus pioglitazone on
ischemia/reperfusion induced renal damage in diabetic rats. Eur Rev Med
Pharmacol Sci 2012;16:600-609.

. Zou C, Hu H, Xi X, Shi Z, Wang G, Huang X. Pioglitazone protects against

renal ischemia-reperfusion injury by enhancing antioxidant capacity. J Surg
Res 2013;184:1092-1095.

Verges B. Clinical interest of PPARI's ligands. Diabetes Metab 2004;30:7-12.

Da Ros R, Assaloni R, Ceriello A. The preventive anti-oxidant action of
thiazolidinediones: a new therapeutic prospect in diabetes and insulin
resistance. Diabet Med 2004;21:1249-1252.

Rahbar S, Natarajan R, Yerneni K, Scott S, Gonzales N, Nadler JL. Evidence
that pioglitazone, metformin and pentoxifylline are inhibitors of glycation.
Clin Chim Acta 2000;301:65-77.

. Johnsen SG. Testicular biopsy score count--a method for registration

of spermatogenesis in human testes: normal values and results in 335
hypogonadal males. Hormones 1970;1:2-25.

. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by

thiobarbituric acid reaction. Anal Biochem 1979;95:351-358.

172

17.
18.

20.

21.

22.

23.

24.

25.

Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys 1959;82:70-77.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with
the Folin phenol reagent. J Biol Chem 1951;193:265-275.

. Talebi H, Farahpour MR. Testicular torsion and reperfusion: Germ cell DNA

damage and development. Andrologia 2019;51:€13243.

He M, Li M, Zhang W. Prognosis of testicular torsion orchiopexy. Andrologia
2020;52:€13477.

Kolukcu E, Firat F, Deresoy FA, Katar M, Atilgan D. The effects of pirfenidone
on ischaemia-reperfusion injury in testicular torsion-induced rat model.
Andrologia 2020:€13922.

Belhan S, Yildirim S, Karasu A, Komuroglu AU, Ozdek U. Investigation
of the protective role of chrysin within the framework of oxidative and
inflammatory markers in experimental testicular ischaemia/reperfusion
injury in rats. Andrologia 2020;52:¢13714.

Qiu L, Jiang X, Wen L, Hu Q, Deng Y. [Pioglitazone decreases the levels
of inflammatory cytokines in SD rats with traumatic brain injury via up-
regulating PPARgamma]. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi 2016;32:182-
184.

Mahmoud NM, Kabil SL. Pioglitazone abrogates testicular damage induced
by testicular torsion/detorsion in rats. Iran J Basic Med Sci 2019;22:884~
892.

Singh AP, Singh N, Bedi PM. Pioglitazone ameliorates renal ischemia
reperfusion injury through NMDA receptor antagonism in rats. Mol Cell
Biochem 2016;417:111-118.



