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Abstract
Backgrounds/Aims: Ischemic reperfusion (I-R) injury is greatly influenced by the testicular 
torsion/detorsion process (TDP). In this instance, the anti-inflammatory properties of platelet-
rich plasma (PRP) combined with tadalafil (Td) significantly promote tissue healing in the I-R 
injury model. Methods: Five groups of rats were created: the control group, the I-R group not 
receiving any therapy, the I-R group receiving a single dosage of Td (0.25 mg/kg, I.P.), the I-R 
group receiving a single dose of PRP (80 l, intratesticular), and the I-R group receiving both Td 
and PRP. Sperm morphology, motility, and histology were assessed. The levels of TNF-, BAX, 
antioxidant status, and testosterone were measured. Additionally, E-selectin expression was 
done. Results: PRP reduced oxidative stress, inflammation, and apoptosis while also boosting 
testosterone levels, which alleviated I-R injury. Otherwise, PRP reduces E-selectin expression, 
which modifies the pathways that control endothelial function. Td also partially demonstrated 
its testicular-protective activity at the same time. Conclusion: PRP’s proven anti-inflammatory, 
antioxidant, and antiapoptotic potentials make it a natural treatment for testicular harm caused 
by tadalafil. For the first time, it was demonstrated that PRP therapy restored the functionality 
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of the vascular endothelium, specifically the control of E-selectin expression. Combining Td 
and PRP therapy may be a promising strategy for improving response to PDE5 inhibitors. 

Introduction

Testicular torsion/detorsion is a typical urological reserve; that affects both male 
children and adolescents. Testicular torsion annual incidence is 4 in 100.000 by 18 years 
[1]. It results from spermatic cord rotation and interruption of testicular blood flow. So, 
early diagnosis and surgical detorsion are essential for restoring the testis’s blood flow 
and avoiding testicular necrosis to preserve future fertility [2]. However, this is not entirely 
through surgery regarding manual detorsion in the setting of limited operating room 
availability or at presentation in the emergency department to turn an emergent case into 
an elective surgery [3]. The primary pathophysiological exploration of testicular torsion 
and detorsion is testicular ischemic reperfusion (I-R) injury. Proinflammatory cytokines, 
reactive oxygen species (ROS) formation, lipid peroxidation, neutrophil activation, anoxia, 
and cell apoptosis are considered important risk factors for erectile dysfunction (E.D) and 
may lead to infertility [4].  

However, the ROS formed throughout I-R is a substantial component of this procedure. 
It recognized that I-R damage activates the production of multiple toxic substances in the 
circulation of numerous tissues. Also, vascular endothelial cell damage and microcirculatory 
disorders can arise through reperfusion and induce organ atrophy [5].

Otherwise, the involvement of proinflammatory cytokines in I-R. injury is receiving much 
attention. Tumor necrosis factor-alpha (TNFα), Proinflammatory cytokines and Interleukin-
1β (IL-1β) have been related to I-R. in several models [6-8]. These cytokines activate 
neutrophils at positions of inflammation through stimulation of endothelium cell adhesion 
molecules expression as endothelial (E)-selectin and platelet (P)-selectin [9]. E-selectin 
is a participant of transmembrane glycoproteins of the selectin family, and it is expressed 
constitutively on endothelial cells, whereas it helps monocyte rolling and adhesion to the 
endothelium [10]. The activation of the c-Jun N-terminal kinases (JNK) pathway through 
such cytokines is correlated with the expression of E-selectin and neutrophil recruitment [8]. 
Thoughtful the intracellular signaling pathways triggered after I-R. of the testis may lead to 
the proposal of definite therapies that will help save testicular function and spermatogenesis 
afterwards I-R.

 Multiple investigations have been done to explore new effective strategies and 
medications to decrease and prevent testicular I-R injury, even after manual and surgical 
detorsion of testicular torsion to maintain normal testicular functions [11]. Previous 
studies explained testicular I-R damage and evaluated treatment with various therapeutic 
medications in torsion-detorsion, such as anti-inflammatory drugs, antioxidant drugs, and 
nitric oxide donors. Still, no one has been entirely successful in clinical practice. It may be 
due to the unclear detailed pathophysiological explanations underlying testicular I-R injury 
[12-14].

In the current urology practice, a phosphodiesterase-5 inhibitor (PDE5i); Tadalafil (Td) 
is used for the management of E.D. The cGMP levels in the tissue increases by inhibition of 
phosphodiesterase (PDE) enzymes, and leads to relaxation of smooth muscles and increasing 
the vessels’ local perfusion and dilation [15, 16]. Otherwise, some studies investigate the 
I-R injury in testes torsion models by means of different PDE5 inhibitors as Vardenafil and 
Sildenafil [16, 17].

On the other hand, in clinical cases, platelet-rich plasma (PRP) has received significant 
attention to stimulate human tissue healing. PRP is a unique derivative of whole blood rich 
in a high convergence of vital growth factors and cytokines cell adhesion molecules. PRP 
has proven its role in regenerative medicine and clinical applications in cell therapy for its 
powerful healing properties [18]. PRP has a prominent potential role in tissue repair through 
the proliferation and differentiation of tissue progenitor cells. It is a potent antioxidant that 
protects against ischemia-reperfusion injury in different organs [19-21].

© 2023 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG
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The effect of PRP and Td on testicular ischemic reperfusion damage has not been evaluated 
before. So, this study’s objectives are to discuss whether combining the regenerative impact 
of PRP with increasing testicular blood flow by vasodilator effect of Td can give a synergistic 
effect and higher protection for the testis from I-R injury in rats than given by each of them 
when used alone. 

Materials and Methods

Animals and Experimental Design
Experimental protocols monitored the ARRIVE guidelines of the National Centre for the Replacement, 

Refinement, and Reduction of Animals in Research (NC3Rs). All experiments were achieved following 
appropriate policies and regulations of the American Veterinary Medical Association  (AVMA) Guidelines 
for the Euthanasia of Animals (2020) [22]. Fifty adult male albino rats 12-16 weeks old, with a weight of 
220–300 g, were obtained from the facility at the faculty of pharmacy, Delta University (FPDU), and were 
housed in polypropylene cages with ad-lib access to food and tap water. Animals were acclimatized for one 
week. Moreover, all trials were permitted by the Institutional Animal Care and Use Committee at the FPDU 
number (FPDU 10/2021). After acclimatization, the sample size was calculated by G*power, and rats were 
randomized into five experimental groups; each had six rats, except group I, which had 16 rats separated 
into four subgroups. Animals were divided as follows: 

Group I (Control group): was subdivided into four equal subgroups as follows: 
•	 Subgroup 1-A: Sham-operated, untreated group. 
•	 Subgroup 1-B: Subjected to intraperitoneal (IP) injection of tadalafil (Td) 0.25 mg/kg 

single dose [23]. 0.25 mg/kg Td in the form of tablets were grinded and converted into a solution 
for injection.

•	 Subgroup 1-C: Subjected to intra-testicular platelet-rich plasma (PRP) injection into the 
left testis parenchyma 80μl single dose [24].

•	 Subgroup 1-D: Subjected to both I.P. injection of Td 0.25 mg/kg and intra-testicular PRP 
injection into the left testis parenchyma 80μl each as a single dose.

Group II (Ischemia-reperfusion group) (I-R):  Through testicular torsion/detorsion process (TDP) of 
the left testis.

Group III (I-R group with Td injection): testicular TDP as in group II with I.P. injection of Td 0.25 mg/
kg single dose 30 minutes after torsion then after 90 minutes of its injection, detorsion occurred. 

Group IV (I-R group with PRP injection): testicular TDP as in group II with intra-testicular PRP injection 
into the left testis parenchyma 80μl single dose, 5 min before detorsion.

Group V (I-R group with Td and PRP injection): testicular TDP as in group II with I.P. injection of Td 
0.25 mg/kg single dose and intra-testicular PRP injection into the left testis parenchyma 80μl single dose.

Induction of ischemic reperfusion (I-R) injury
Before the surgical intervention, general anesthesia helping physical inactivity in rats was induced by 

I.P. Injection of ketamine 50 mg/kg and xylazine hydrochloride 10 mg/kg. After the inducement of anesthesia 
and ensuring stabilization, the scrotal area was shaved, and antiseptic was used with a 10% povidone-iodine 
solution. Group, IA was assigned to the sham operation group. A midline-scrotal incision was performed, 
and the left testis and spermatic cord were released. Without creating testicular torsion, the testis was 
placed into the scrotum and returned to its anatomical position [25], and the scrotum was primarily closed 
with  4/0 polypropylene sutures. After 2 hours, both testes were removed and fixed in Bouin’s solution 
for histopathologic examination. I-R injury was created in all other groups. The left testis and spermatic 
cord were released after the mid-scrotal incision. The testicular torsion experimental model was done by 
rotating the left testicle with its cord 720 degrees clockwise. The testicle was fixed to the scrotum’s internal 
side with a 4 / 0 polypropylene suture. After torsion the testis was placed into the scrotum and returned 
in the anatomic position then sutured the scrotum during the whole period of torsion120 minutes. PRP 
was injected 5 min before detorsion blindly intratesticular without opening the scrotum to avoid dryness 
of testicular tissue. Tadalafil was injected intraperitoneally 30 mi after torsion then after ending of 120 
minutes of torsion, the opening of the scrotum was done then detorsion occurred. Reperfusion was done by 



Cell Physiol Biochem 2024;58:14-32
DOI: 10.33594/000000680
Published online: 16 January 2024 17

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2023 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

Ghaffar et al.: Platelet-Rich Plasma and Tadalafil Effects on Testicular Ischemia/
Reperfusion Injury

detorsion to its natural position with the closure of the scrotum then it remained for another 2 hours before 
scarification in rats groups except groups receiving PRP remained for another 2 weeks till the regenerative 
effect began [25, 26]. No unexpected adverse events occurred. The euthanasia procedure was based on 
AVMA guidelines [22] using a 5:1 (mg/mg) solution of a ketamine-xylazine mix. We obtained left testicles 
from each rat in all groups then immediately after euthanasia excised a part of each testicle to be used in 
testicular tissue homogenate assay for oxidative stress markers evaluation.  The remaining part of each 
testicular tissue was fixed in previously prepared Bouin’s solution for pathology evaluation. All authors have 
read the ARRIVE guidelines specification and fulfilled its instructions.

Platelet Rich Plasma Preparation 
Ten age-matched healthy male rats were used as PRP donors according to several previous studies 

that carried out the usage of albino rats as blood donors for PRP without occurrence of  any unpredictable 
complications [24, 27-31]. The whole blood samples of rats were withdrawn using specific techniques to 
prevent hemolysis. Venous blood was taken via cardiac puncture and mixed with acid citrate dextrose at 
a citrate/blood ratio of 1/9. Samples were transferred for laboratory analysis before centrifugation for 
platelet concentration. The blood was centrifuged at 1480 rpm by a soft spin for 6 minutes to separate the 
plasma holding the platelets from erythrocytes. The plasma was drawn off the top and relocated to another 
tube lacking any anticoagulant, centrifuged once more using a spin at a more incredible speed of 3400 
rpm for 15 min to have a platelet concentrate. The upper platelet-poor plasma in the 2/3 rd of the tube was 
removed. Otherwise, the lower platelet-rich plasma (PRP) in the 1/3 rd was taken and used as fresh PRP at 
the time of detorsion [25, 32].

At the end of the reperfusion time, 2 hrs after detorsion, animals were anesthetized with ketamine-
xylazine. Otherwise, groups receiving PRP (G-1C, G-1D, IV, V) were evaluated and sacrified two weeks after 
detortion. Blood was sampled from their hearts to measure the serum levels of testosterone. Blood samples 
were centrifuged at 1252g for 5 min, and then, the serum was separated from the blood cells and kept at 
−70°C until testing was done. Semen was also collected at the time of scarification from the epididymis.

Assessment methods

1) Histological and immunohistochemical analysis 
A standard histological technique was used. Testicular tissue samples were fixed in Bouin’s solution 

and processed to obtain serial paraffin sections of 7 μm. Each blocked testicular sample was stained with 
hematoxylin and eosin (H&E) stain to observe histological changes. Histological examination was done 
under light microscopy. The quantitative estimation of sperm count was estimated within animals of each 
group [33]. Tissues from paraffin blocks were deparaffinized, hydrated, and then wrapped up in an antigen 
retrieval solution. Testes sections were incubated overnight by primary rabbit anti-bax (BCL2 Associated X 
gene) (Sigma-Aldrich, USA) and anti-tumor necrosis factor-α (TNF-α) as inflammatory mediators (Thermo 
Fisher Scientific, Rockford, IL, USA). Primary binding was distinguished using a horseradish peroxidase-
conjugated goat anti-rabbit antibody (Vector Laboratories, Burlingame, CA, USA) and imagined by 
development with 3, 3-diaminobenzidine (DAB, Sigma). The immunoreactivity was evaluated by calculating 
the immunopositive cells/ 1000 cell count. Testicular tissues were assessed histopathologically with the 
Johnsen scoring system to estimate the mean Johnsen score. The Johnsen scoring covers 1-10 histological 
measures starting with no cells within seminiferous tubules; no germ cells and only Sertoli cells are 
present; only spermatogonia as germ cells; no spermatozoa and spermatids with a few spermatocytes; 
no spermatozoa and spermatids with many spermatocytes, no spermatozoa with a few (<10) spermatids; 
no spermatozoa with no late spermatids but many early spermatids; late spermatids without any mature 
spermatozoa, slightly impaired spermatogenesis with many late spermatids have disorganized epithelium 
finally score 10 be fully spermatogenesis [34].

2) Evaluation of sperm morphology and motility using a computer-assisted semen analysis (CASA) [35]
Semen samples were analyzed using VideoTest® ZooSperm® (rat module) software (Russia). 

VideoTest® ZooSperm® CASA is designed to equip the workplace of specialists dealing with sperm analysis. 
The analyzer allows experts to count the number of spermatozoa, evaluate their motility parameters in a 
native specimen, and analyze stained specimens’ morphology. Motility and Morphology are considered two 
standard methods in VideoTest® ZooSperm® CASA for automatic report generation and an in-built database. 
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The analysis of the parameters is performed automatically. The parameters that can be determined with the 
help of the VideoTest® ZooSperm® CASA are the basic ones for estimating sperm fertility[36].

Motility standard method. The process evaluates the spermatozoa motility and concentration in a 
natural specimen. A counting chamber with the sample is positioned under the microscope to accomplish 
the analysis, and a video is recorded afterward. The registered items are thresholded, and their sign paths 
are reassembled automatically. The particular spermatozoon color of the path matches its motility class. To 
get statistical results, numerous clips can be verified. The analysis results of each clip are concise and shifted 
to the database.

Morphology standard method. Rigorous criteria for analyzing heads of spermatozoa are utilized in 
this standard method. The spermatozoa’s tails, middle parts, and heads are automatically measured. The 
pathology is revealed based on the head parameters. The obtained data is transferred to the database 
automatically.

Computer-assisted digital image analysis. Slides were photographed using an Olympus® digital camera 
installed on an Olympus® microscope with 0.5 X photo adaptor, using 40 X objective and saved as TIFF. The 
result images were analyzed on Intel® Core I3® based computer using VideoTest Morphology® software 
(Russia) with a specific built-in routine for area measurement and Stain quantification.

3) Oxidative stress parameters in testis
Superoxide Dismutase (SOD) activity and glutathione (GSH) level were determined in testicular tissue 

homogenate assay. SOD is detected spectrophotometrically using SOD Kit (Bio-diagnostic Giza, Egypt) 
following the instructions from the manufacturer expressed as units/ml. Tissue GSH level in testicular 
tissue homogenate was determined by spectrophotometer using GSH reduced kit (Bio-diagnostic Giza, 
Egypt) according to the manufacturer’s instructions. 

4) Enzyme-linked immunoassay (ELISA) for the quantitative determination of serum testosterone
The serum testosterone level was determined using an ELISA kit (MyBioSource, Canada) with a 

microplate reader (Tecan, Infinite 200 PRO, Switzerland) at 450 nm. The limit of detection for testosterone 
was 1.56 pg/ml - 50 pg/ml. 

5) Analysis of the expression of E-selectin by qRT-PCR 
Total RNA was extracted from isolated primary rat testis tissue with a nucleic acid extraction kit 

(NucleoSpin® REF. 740901.250) purchased from (Macherey- Nagel GmbH & Co. K.G.- Germany) in an 
RNase-free environment according to the manufacturer’s protocol. The purity (A260/A280 ratio) and 
RNA concentration were measured by spectrophotometry (dual wavelength Beckman, Spectrophotometer, 
USA). The purified DNA samples were stored at –80 °C for use. Reverse transcription of 2μg total RNA 
into complementary DNA (cDNA) was performed with a SensiFAST™ SYBR® Hi-ROX One-Step Kit, catalog 
no.PI-50217 V) (Bioline, a median life science company, U.K.) in a reaction volume of 20μl. Expression levels 
were normalized concerning the housekeeping gene (GAPDH).  Table 1 shows the primer sequences used in 
qRT-PCR. The relative gene expression was evaluated using the comparative cycle threshold (Ct) (2−ΔΔCT) 
method. 

Table 1. PCR primer sequence 

′ 3′
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Statistical analysis
Statistical data analysis is carried out in SPSS Software (version16; SAS Institute Inc., Cary, North 

Carolina, USA). All data are presented as mean± standard deviation (SD) and are compared using one-
way analysis of variance (ANOVA) followed by Tukey’s post hoc test. A value of P < 0.05 was considered to 
indicate significant statistical analysis.

Results

Histological and immunohistochemical analysis 
Histopathological examination. As shown in Fig. 1, testicular sections from the control 

groups displayed normal regular crossly sectioned seminiferous tubules with normal lining 
germinal epithelium and normal little interstitial space containing Leydig cells. Regarding 
TDP groups (Fig. 2), sections from the un-received treatment group (G2) demonstrated 
diffusely irregular shrunken crossly sectioned seminiferous tubules, mostly with severe 
tubular degeneration and necrosis, giving rise to an increase in interstitial space containing 
pale eosinophilic material. Testicular sections from G3 received Td demonstrated reduced 
testicular relapse, mostly as irregular shrunken crossly sectioned seminiferous tubules 
and decreased interstitial space with pale eosinophilic material. However, sections from 
G4 received PRP revealed marked degenerated irregular shrunken crossly sectioned 
seminiferous tubules and still widened interstitial space containing pale eosinophilic 
material. However, these degeneration changes were scarcely observed in testicular sections 
from G5 receiving both PRP+Td. G5 showed regular crossly sectioned seminiferous tubules 
lined with normal germinal epithelium and minimal interstitial space containing pale 
eosinophilic material.

As shown in Table 2 and consistent with the histological analyses, Td and PRP 
significantly attenuated the TDP- increase in the Johnosn score with a decrease in the 
diameter of seminiferous tubules. Moreover, drug treatment with Td or PRP individually 
also attenuated the TDP-induced pathological score and elevated diameter to a lesser degree 
than using them collectively. 

Fig. 1. Photomicrographs of testicular sections from control group. The sections had normal regular crossly 
sectioned seminiferous tubules with normal lining germinal epithelium and normal little interstitial space 
containing Leydig cells (bold line) in control group (G1), and groups received platelet-rich plasma (PRP), 
Tadalafil (Td) and PRP+Td. Hematoxylin and eosin stain; low magnification X: 100 bar 100 μm and high 
magnification X: 400 bar 50 μm.
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Immunohistochemical labeling of TNF-α and BAX. Fig. 3, Fig. 4, Fig. 5 and Fig. 6 show 
the immunolabeling of TNF-α and BAX within the testicular sections of different groups of 
rats, respectively. TNF-α and BAX were expressed mainly in Leydig’s tubular epithelium and 
interstitial cells. Marked expressions of TNF-α and BAX were noticed in G2 TDP received 
group, and the positive reaction mildly decreased in G3, and G4 received drugs individually. 
While scanty expression of TNF-α and BAX were detected in the normal and drug control 
groups, G5 received TDP+PRP+Td. 

Fig. 2. Photomicrographs of testicular sections from the torsion/detorsion process (TDP) groups. G2 is 
TDP without treatment had diffusely irregular shrunken crossly sectioned seminiferous tubules with severe 
tubular degeneration (thin arrow) and necrosis (thick arrows) and increased interstitial space containing pale 
eosinophilic material (*). Testicular sections from G3 received TDP+Tadalafil (Td) had very few degenerated 
irregulars, shrunken crossly sectioned seminiferous tubules (thin arrow) and decreased interstitial space 
containing pale eosinophilic material (*). Testicular sections from G4 received TDP+platelet-rich plasma 
(PRP) showing some degenerated irregular shrunken crossly sectioned seminiferous tubules (thin arrow) 
and still widened interstitial space containing pale eosinophilic material (*). Testicular sections from G5 
received TDP+PRP+Td had regular crossly sectioned seminiferous tubules lined with normal lining germinal 
epithelium (thin arrow), and much decreased interstitial space containing pale eosinophilic material (*). 
Hematoxylin and eosin stain; low magnification X: 100 bar 100 μm and high magnification X: 400 bar 50 μm.

Table 2. Effect of different treatments on Johnsen Scoring system and diameter of seminiferous tubules in 
the TDP and normal control groups. G1A: Untreated control group, G1B: Tadalafil (Td) control group, G1C: 
platelet-rich plasma (PRP) control group, G1D: PRP+Td control group, G2: torsion/detorsion process (TDP) 
group, G3: TDP+Td, G4: TDP+PRP, G5: TDP+PRP+Td. Data expressed as mean ± S.D., *: significance <0.001. 
A test used: One-way ANOVA followed by post-hoc tukey. a: significance vs G1A, b: significance vs G1B, c: 

significance vs G1C, d: significance vs G1D, e: significance vs G2, f: significance vs G3, g: significance vs G4 
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Fig. 3. Photomicrographs of immunostained testicular sections against TNF-α from the control groups. 
The untreated control group (G1A), groups G1B, G1C, G1D received Tadalafil (Td), platelet-rich plasma 
(PRP) and PRP+Td, respectively, had negative immunostaining of TNF-α. IHC counterstained with Mayer’s 
hematoxylin. Low magnification X: 100 bar 100 and high magnification X: 400 bar 50.

Fig. 4. Photomicrographs of immunostained testicular sections against TNF-α from the different groups. 
Torsion/detorsion process (TDP) group G2 had strong positive brown immunolabelling in the tubular 
epithelium (thin arrow) and interstitial cells of Leydig (thick arrow). The G3 group received TDP, and 
Tadalafil (Td) showed markedly decreased positive brown immunolabelling and appeared mainly in the 
tubular epithelium (thin arrow). The positive reaction mildly decreased in G4 received TDP+ platelet-
rich plasma (PRP) and appeared in both tubular epithelium (thin arrow) and interstitial cells of Leydig 
(thick arrow). The positive reaction returns negative in G5 received TDP+PRP+Td. IHC counterstained with 
Mayer’s hematoxylin. Low magnification X: 100 bar 100 and high magnification X: 400 bar 50.
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As shown in Table 3, Td and PRP significantly attenuated the TDP-encouraged increase 
in the % area of BAX and TNF alpha. Moreover, drug treatment with Td or PRP individually 
also attenuated the TDP-induced levels of BAX and TNF alpha to a lesser degree than using 
them collectively. These results support the collaborative activity of Td and PRP that was 
intermediated mostly by the deactivation of BAX and TNF alpha.

Fig. 5. Photomicrographs of immunostained testicular sections against BAX from the different control 
groups. The pictures showed negative staining in the untreated control group (G1A), and groups G1B, G1C, 
G1D received Tadalafil (Td), platelet-rich plasma (PRP) and PRP+Td, respectively. IHC counterstained with 
Mayer’s hematoxylin. Low magnification X: 100 bar 100 and high magnification X: 400 bar 50.

Fig. 6. Photomicrographs of immunostained testicular sections against BAX from the different groups. 
The G2 torsion/detorsion process (TDP) group showed prominent positive brown immunolabelling 
in the tubular epithelium (thin arrow) and interstitial cells of Leydig (thick arrow). The positive brown 
immunolabelling markedly decreased in G3 received TDP+tadalafil (Td) and appeared mainly in the tubular 
epithelium (thin arrow). The positive reaction mildly decreased in G4 received TDP+Platelet rich plasma 
(PRP) and appeared in both tubular epithelium (thin arrow) and interstitial cells of Leydig (thick arrow). 
Bax weakly stained in the tubular epithelium (thin arrow) in G5 received TDP+PRP+Td. IHC counterstained 
with Mayer’s hematoxylin. Low magnification X: 100 bar 100 and high magnification X: 400 bar 50.
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As shown in Table 4, Td and PRP organized non-significant changes in the TDP and 
encouraged sperm count and motility reduction with disturbance in their morphology. 
Moreover, drug treatment with Td or PRP slightly elevated the TDP-reduced levels of sperm 
count, either used individually or collectively.

The mean tissue antioxidant parameters (GSH, SOD) were significantly reduced in 
the TDP group in contrast to the control groups (P<0.05). Furthermore, the mean tissue 
antioxidant parameters were elevated in the TDP/Td and TDP/PRP groups compared to the 
TDP group (P<0.05). Else, the TDP/Td and TDP/PRP groups were significantly decreased 
compared to the control groups (P<0.05). On the other hand, the tissue antioxidant 
parameters were found to be substantially elevated in TDP/Td +PRP group compared to 
TDP, TDP/Td, and TDP/PRP groups (P<0.05) with non-significant change when compared to 
control normal groups (Table 5).

The mean serum testosterone hormone level was significantly decreased in the TDP 
group compared to the control groups (P<0.001). Moreover, the mean serum testosterone 
hormone level was increased in the TDP/Td and TDP/PRP groups compared to the TDP 
group (P<0.001). Otherwise, the TDP/Td and TDP/PRP groups were significantly decreased 

Table 3. Effect of different treatments on an antiapoptotic marker (BAX) and tumor necrosis factor area (%) 
score in the TDP and normal control groups. G1A: Untreated control group, G1B: Tadalafil (Td) control group, 
G1C: platelet-rich plasma (PRP) control group, G1D: PRP+Td control group, G2: torsion/detorsion process 
(TDP) group, G3: TDP+Td, G4: TDP+PRP, G5: TDP+PRP+Td. Data expressed as mean ± S.D., *: significance 
<0.001. A test used: One-way ANOVA followed by post-hoc tukey. a: significance vs G1A, b: significance vs 
G1B, c: significance vs G1C, d: significance vs G1D, e: significance vs G2, f: significance vs G3, g: significance 
vs G4

 

Table 4. Evaluation of sperm morphology and motility using a computer-assisted semen analysis (CASA) in 
epididymal samples and sperm count in testicular tissue (H&E). CASA: computer-assisted semen analysis; 
H&E: Hematoxylin and eosin stain; G1A: Untreated control group, G1B: Tadalafil (Td) control group, G1C: 
platelet-rich plasma (PRP) control group, G1D: PRP+Td control group, G2: torsion/detorsion process (TDP) 
group, G3: TDP+Td, G4: TDP+PRP, G5: TDP+PRP+Td. Data expressed as mean ± S.D., *: significance <0.001. 
A test used: One-way ANOVA followed by post-hoc Tukey. a: significance vs G1A, b: significance vs G1B, c: 
significance vs G1C, d: significance vs G1D, e: significance vs G2, f: significance vs G3, g: significance vs G4
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compared to the control groups (P<0.001). On the other hand, the serum testosterone level 
was found to be significantly elevated in TDP/Td +PRP group compared to TDP, TDP/Td, and 
TDP/PRP groups (P<0.001) with non-significant change when compared to control normal 
groups (Table 6).

As shown in Table 7, Td and PRP significantly attenuated the TDP-induced increase in 
the gene expression of E-selectin. Drug treatment with Td or PRP individually also attenuated 
the TDP-induced gene expression levels of E-selectin but to a lesser extent than using them 
collectively. These results confirm the synergistic activity of Td and PRP that might be 
mediated mainly by the inactivation of the E-selectin synthesis pathway.

Table 7. Effects of Td and PRP on the mRNA expression levels of E-selectin. G1A: Untreated control group, 
G1B: Tadalafil (Td) control group, G1C: platelet-rich plasma (PRP) control group, G1D: PRP+Td control 
group, G2: torsion/detorsion process (TDP) group, G3: TDP+Td, G4: TDP+PRP, G5: TDP+PRP+Td. Data 
expressed as mean ± S.D., *: significance <0.001. A test used: One-way ANOVA followed by post-hoc Tukey. 
a: significance vs G1A, b: significance vs G1B, c: significance vs G1C, d: significance vs G1D, e: significance vs 
G2, f: significance vs G3, g: significance vs G4

 

Table 5. Oxidative stress parameters (GSH, SOD) in the different studied groups. G1A: Untreated control 
group, G1B: Tadalafil (Td) control group, G1C: platelet-rich plasma (PRP) control group, G1D: PRP+Td 
control group, G2: torsion/detorsion process (TDP) group, G3: TDP+Td, G4: TDP+PRP, G5: TDP+PRP+Td. 
Data expressed as mean ± S.D., *: significance <0.05. A test used: One-way ANOVA followed by post-hoc Tukey. 
a: significance vs G1A, b: significance vs G1B, c: significance vs G1C, d: significance vs G1D, e: significance vs 
G2, f: significance vs G3, g: significance vs G4

 
 

 

Table 6. Testosterone hormone level in the different studied groups. G1A: Untreated control group, G1B: 
Tadalafil (Td) control group, G1C: platelet-rich plasma (PRP) control group, G1D: PRP+Td control group, G2: 
torsion/detorsion process (TDP) group, G3: TDP+Td, G4: TDP+PRP, G5: TDP+PRP+Td. Data expressed as 
mean ± S.D., *: significance <0.001. A test used: One-way ANOVA followed by post-hoc Tukey. a: significance vs 
G1A, b: significance vs G1B, c: significance vs G1C, d: significance vs G1D, e: significance vs G2, f: significance 
vs G3, g: significance vs G4
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Discussion

This study aims to evaluate the protective efficacy of platelet-rich plasma (PRP) and 
Tadalafil (Td), alone or combined on testis in experimentally induced Ischemia/reperfusion 
(I-R) injury following experimental torsion/detorsion process (TDP) of testis in the 
experimental rat model.

Despite the return of blood flow after testicular detorsion, testicular atrophy is an 
expected outcome. Multiple studies proved that the duration of symptoms before presentation 
to the hospital was the most important and influential factor in prediction of patients at risk 
of acute testicular torsion. Delayed management puts patients at risk of orchidectomy [37, 
38]. Also, several studies proved that tissue damage caused by torsion cannot be entirely 
prevented. There is no recognized therapeutic agent that clinically can be used. Moreover, 
although the testis is the most easily torsional organ in the body, there is no satisfactory 
clinical research in the literature as regards this subject [23, 39]. For this reason, studies 
using experimental models continue regarding the management of testicular torsion.

Vascular endothelial function plays an essential role in testicular tissue viability, and 
TDP is closely linked to the abnormality of vascular endothelial function. Additionally, 
TDP can damage the vascular endothelium of the testis, make the vascular wall rough, and 
decrease the vascular endothelium’s ability to inhibit platelet aggregation, quickly leading 
to thrombus [5].

Firstly, the results of our present study show that using Td, intratesticular injection 
of PRP and the combination can protect the testicular tissue against I-R injury. Otherwise, 
other studied drug as calcium channel blocker verapamil was less likely to reduce testicular 
torsion injury [40]. So the degeneration of the seminiferous tubules was scarcely observed 
in testicular sections from G5 received both PRP+Td than TDP group. In agreement with 
our results, Ameli et al. [25, 41] show that Tadalafil can increase the layers of “seminiferous 
epithelial,” the histological score of the testis, and the diameter of the seminiferous tubule. 
As well, another study represents a response to intracavernosal injection of vasoactive 
drugs [42]. Also, other studies show that PRP therapy has been recorded to be efficient in 
I-R models of some organs. This is achieved by growth factors like transforming growth 
factor beta 1 (TGF-β1), insulin-like growth factor (IGF), and vascular/endothelial growth 
factor (VEGF) generally released during I-R injury for various protective roles. With its high 
convergence of growth factor, PRP can benefit regenerative therapy, particularly I-R damage 
following experimental torsion/detorsion of testis in animal models [43].

Then, reperfusion of the ischemic tissues releases different free radicals having hydroxyl 
radical ions, superoxide (O2

−) and H2O2, which activate the inflammatory mediators. For this 
purpose, studies primarily focus on antioxidant therapy in I-R injury. In this manner, different 
antioxidants were effectively used to struggle with I-R injury[15]. The current study revealed 
that testicular torsion could lead to biochemical, histological, and physiological changes in 
rat testes. Correspondingly, the TDP group showed noticeable testicular impairment and 
go-over or unsuccessful spermatogenesis. This effect was compatible with the outcome of 
other researchers who indicated that the pathophysiologic machinery of testicular injury is 
an ischemia-reperfusion hurt [18, 44-46]. On the other hand, other studies represented the 
beneficial effect of PRP on spermatogenesis while used for longer time (one month) [47] 
than our study (2 hours). From a biochemical point of view, testicular ischemia-reperfusion 
corresponds to excess generation of ROS. Overproduction of ROS can impair DNA, lipids and 
proteins, from cellular dysfunction to even death [48].

Secondly, this work assessed oxidative tissue damage passing through SOD and GSH 
levels and parameters of antioxidant activity and found that the action of SOD and GSH levels 
was significantly low in the TDP group compared with the control group. This intervention 
with antioxidants may be able to cause cell damage induced by free radicals. These effects 
are in agreement with the results of earlier studies [49]. The oxidative tissue damage of 
TDP makes a need to use compounds to reduce free radical-induced cell damage. Clinical 
and experimental data showed that PRP, a potent antioxidant, has been reported to protect 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/thrombus
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against I-R injury in the brain, liver, heart, and kidney [18, 44-46]. Also, PRP has no adverse 
effect on fertility [48], and PRP potentially impacts tissue healing through the differentiation 
and proliferation of tissue progenitor cells [49]. Therefore, the present study supports PRP 
treatment, as it successfully elevates the SOD activity, achieves GSH levels, and significantly 
enhances spermatogenesis in the testes, compared with the TDP group. 

Otherwise, the effects of PRP and Td on biochemical parameters showed that the serum 
level of testosterone in therapeutic groups was significantly higher than in the TDP group. It 
may be due to these drugs’ protective effects on preventing Leydig cell damage induced by 
torsion–detorsion in testis tissue. Evaluation of the sperm parameters in different groups 
shows that Td and PRP produced no significant improvement in sperm count, motility or 
morphology. In rats, one cycle of the spermatogenesis process takes about 56-58 days to 
form new motile normal sperms [50]. In agreement with our belief, Pomara et al. [51] show 
in a study that the Td has increased the quality and motility of spermatozoa with continued 
follow-up over several days. On the other hand, the administration of Td in our study 
reputable the projected blood level in Group 3, so the biochemical indicators were adjusted. 
Furthermore, it was significant that Td administration reduced necrosis in Group 3.

It is demonstrated that Td decreased the adverse effects of I-R injury through recognized 
actions on platelets, vascular smooth muscles and leukocytes. The antioxidant markers were 
significantly increased in group 3, and necrosis was raised in the ischemic group. These 
consequences propose that Td reduced testicular damage by diminishing ROS level also. 
The antioxidant defense systems, such as SOD and GSH, were found to be significantly low 
in tissue in the TDP group in comparison with the control group and were higher in the 
Td-treated group than the TDP group. Also, Wu et al. [52] show in a study that Tadalafil 
can increase the activity of SOD. In another study, a mouse model of induced nephropathy, 
Sildenafil and tadalafil pretreatment were capable of diminishing nephropathy possibility 
and overturned oxidative stress by the oxidant/antioxidant balance modulation [53].

E-selectin is an endothelial cell adhesion molecule responsible for the tying and slow 
progression of neutrophils to endothelial cells. Earlier studies have shown E-selectin to 
be expressed on endothelial cells next to I-R. injury in different organs [10, 54] or after 
treatment with TNFα [55]. Notably, mice lacking E-selectin show a reduction in neutrophil 
recruitment after I-R and a significant decrease in germ cell-specific apoptosis [56]. These 
findings are agreed with our results in which E selectin expression is significantly elevated in 
the TDP group with a significant elevation in the BCL2 apoptotic marker. These consequences 
indicate that E-selectin is the vital cell adhesion molecule for neutrophil enrolment to the 
endothelium in the testis after I-R. Neutrophils are chief mediators of germ cell apoptosis.

On the other hand, proinflammatory cytokines, particularly TNFα, are increased after 
I-R, leading to an increase in neutrophils and, subsequently, an increase in apoptosis in the 
smitten organ [8]. Earlier studies show that the rise in TNFα may occur via stimulation of 
the JNK/p38 stress-related kinase pathway [57, 58]. Otherwise, the NFκB pathway may be 
triggered by proinflammatory cytokines and end with a similar effect [59]. Additionally, 
TNFα activates the intracellular signaling pathway responsible for the increase in E-selectin 
expression, which matched with our results that E-selectin expression is stimulated in rat 
testis endothelial cells as a consequence of the elevation of TNFα.

Finally, the Td treatment was linked with a decrease in the E-selectin levels, which 
were higher in the TDP group than in the healthy group. Tadalafil treatment in the injury 
group had a modest result on the laboratory procedures of E-selectin compared with the 
normal healthy groups. Earlier studies demonstrate PDE5 inhibition down-regulates the 
endothelium system [60, 61], which clarifies E-selectin reduced levels in the rats with I-R 
injury treated with PDE5i. Whereas available studies, including our research, documented 
the reduction of biochemical measures of endothelial activation/damage system in the testes 
injury treated with PDE5i, which are sPlatelet (P)-selectin, sE-selectin and s-Intercellular 
adhesion molecule-1 (ICAM-1) [62-64]. This finding is confirmed in our data and established 
that the E-selectin levels were returned below those observed in the TDP group, even though 
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its quantifiable significance has yet to be distinct compared to the healthy groups. Otherwise, 
guidelines indicate that men with a severe testicular injury due to older age, diabetes 
mellitus, and/or after radical prostatectomy often have a less continuing response to PDES5 
inhibitors [65] and may require different managing approaches.

We recognized a potential role for endothelial E-selectin in PRP. PRP is autologous blood 
plasma that comprises additional four times than usual human physiological serum platelet 
concentration and is rich in numerous growth factors. The biological molecules active within 
PRP upregulate cell revival downstream [66]. In our study, it has been demonstrated that 
normal control was associated with excellent response to PRP therapy and better results 
when compared with the TDP group, primarily due to decreased endothelial dysfunction. 
Recently, Zaghloul (2022) pointed out that the PRP could be an effective treatment for 
erectile dysfunction patients non-responding to PDE5 inhibitors [42]. 

An earlier study assesses that the expression of selectin on the surface of platelets is 
often used as a marker of platelet ‘activation’. So far, its clinical application is indefinite [67]. 
In the present study, PRP was found to improve the testicular injury of I-R rats by affecting 
endothelial function and platelet activation. Under normal conditions, E-selectin expression 
in endothelial cells is low. However, E-selectin expression can be activated through the 
activation of proinflammatory factors and oxidative stress and led to vascular endothelial 
function damage, which is significant in the TDP group. As an adhesion molecule in 
endothelial cells, E-selectin is considered of endothelial activation. Wang et al. [68] 
established that the elevation of E-selectin in serum plays a vital role in the differentiation 
and development of embryos, the maintenance of typical tissue structure, the pathological 
process of inflammation and the immune response, coagulation and thrombosis.

Additionally, Fathollahi et al. [69] demonstrated that sE-selectin and sICAM-1 were 
closely related to diabetes mellitus vascular lesions [69]. In our study, we found that the 
E-selectin level in the TDP group was significantly increased. HE staining showed that the 
number of blood sinuses in the corpus cavernosum of the TDP group showed a significant 
reduction in the number of small blood vessels, the distribution of blood sinuses was 
disrupted, and the densities of endothelial cells and smooth muscle cells were significantly 
decreased. The above verified that the T.D. process damaged the endothelial function of 
blood vessels, as reflected in the serum of model rats. In the PRP group, the E-selectin level 
was significantly reduced. Although a significant difference was present between the groups, 
the effect of the PRP group was better, and this indicates that PRP had a protective effect on 
the vascular endothelium of TDP rats.

In the pathophysiology of testicular reperfusion injury, endothelial dysfunction 
secondary to inflammation occurs significantly; so the regenerative PRP treatment in our 
study is to improve endothelial functions by reducing the E-selectin level. Experimental 
studies and reviews [70-72] demonstrate that the cellular mechanisms of PRP activated in 
tissue regeneration and healing with improving testicular blood flow by Td coincide with 
our results. 

Conclusion

Our results, for the first time, according to our knowledge, showed that PRP therapy 
reformed the endothelial purpose and enhanced the testicular degeneration respective to 
E-selectin expression management. However, the beneficial effect obtained in the current 
study cannot be attributed alone to PRP treatment only, but it can be more due to Td and 
PRP combination. Combination treatment of Td with PRP is reliable. It could be a promising 
modality where it could be concluded that such a therapeutic regimen could be effective 
for the improvement of response to PDE5 inhibitors. However, further detailed studies and 
explanations are needed to reach the best regimen and preparation method for subjects with 
testicular I-R injury. PRP can be an accepted therapy for testicular damage with Tadalafil 
via its antioxidant, anti-inflammatory and antiapoptotic abilities. Our findings also suggest 

https://onlinelibrary.wiley.com/doi/10.1111/and.14421#and14421-bib-0015
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cell-adhesion-molecule
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/vascular-lesion
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that PRR can fast-track testicular and endothelial regeneration and avoid corporal smooth 
muscle atrophy by spot on the primary molecular signaling pathway in the progression of 
vascular repair through the endothelial function of E-selectin expression.

Positiveness and limitations
To our knowledge, this study is the first one that evaluates the combination of 

traditional treatment of PDE5i Tadalafil and PRP in an animal model of ischemia-reperfusion 
injury. Although other studies have evaluated the combination therapy of PRP with other 
medicines, thus lack control groups. Otherwise, this study has some limitations, such as 
the need for more scale to find the prognostic factors that could direct the best application 
of this treatment approach. A continuing follow-up also appears critical to distinguish the 
probable further and/or adversative effects. Likewise, additional studies should be helpful 
for PRP usage as a vital need for the participation of the female companion in assessing 
the results. Otherwise, a long period of treatment can evaluate the spermatogenesis more 
definitely. Despite these limitations, the study has shown a tendency for PRP to improve 
testicular I-R injury and outcomes in rats with I-R injury, and the results have been hopeful. 
Future studies in our laboratory will advance trials for in vivo infusion of PRP into the human 
testis to precisely block endothelial injury after I-R of the testis.
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