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Abstract

Objective: In our study, the effectiveness of avanafil, a second-generation phosphodiesterase-5 (PDES5) inhibitor, on testicular
torsion (TT) related ischemia/reperfusion injury via NOD-, LRR- and pyrin domain-containing protein 3 (NLRP3), which
triggers inflammatory response, are studied molecularly, biochemically and histopathologically. Material and Method: This
study was performed on 24 male Wistar albino rats randomized into four groups. Testicular ischemia/reperfusion (I/R) model
was created for groups 2, 3 and 4. Groups 3 and 4, respectively, were administered a dose of 5 and 10 mg/kg avanafil before
reperfusion by gavage. The testicles which were left in ischemia for two hours, were detorsioned for four hours. All animals
were sacrificed after reperfusion. Testicular tissues were examined molecularly, biochemically and histopathologically.
Results: The NLRP3, Interleukin-1f (IL-1p) and Tumor Necrosis alpha (TNF-a) mRNA expression levels were observed to
be significantly increased in the I/R group compared to the healthy group (p <0.001). After both doses of avanafil, NLRP3,
IL-1p and TNF-a mRNA expression levels, which increased as a result of I/R, decreased in both avanafil groups. (p<0.001).
The greatest decrease was seen at the dose of 10 mg/kg (p<0.001). Increased Malondialdehyde (MDA) levels due to I/R
were statistically significantly decreased in both doses of avanafil (p <0.001). Decreased Superoxide Dismutase (SOD) levels
due to I/R damage increased statistically significantly in both doses of avanafil (p <0.001). Conclusion: It was found that
avanafil can reduce the damage caused by testicular I/R and that it will find new applications in the future with the support
of advanced experimental and clinical studies.
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Introduction

Testicular torsion (TT) is a very serious surgical urgency
resulting from the bending of the spermatic cord, which
leads to the reduction of the blood perfusion to the testicle.
Consequently, ischemia develops and correspondingly, tes-
ticular atrophy occurs. Urgent diagnosis and early surgical
operation are mandatory to hinder germ cell loss that may
occur with ischemic damage [1]. The condition can be
observed at any age. However, it occurs more frequently
among adolescents, and children [2]. It was considered to
be the most common reason for referral to the pediatric
urological emergency [3].

When TT occurs, two types of damage to the testicles
that cause necrosis are present. The first type includes the
ischemia-related injuries that occur during torsion. In this
process, tissue perfusion is disturbed, and hypoxic by-
products begin to accumulate in the tissue. The second
type includes the damage that occurs after detorsion due to
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reperfusion [4]. After detorsion, blood flow returns to nor-
mal. However, increased amounts of oxygen flowing to the
tissue after the resumption of blood flow cause an exces-
sive accumulation of free oxygen radicals in the testicular
tissue that has adapted to hypoxia. The resulting oxidative
stress causes stimulation of inflammatory processes and
apoptotic pathways. This subsequently leads to the inevi-
table consequences of DNA damage, endothelial dam-
age, alteration in endothelial permeability, degradation
of adhesion molecules, and apoptosis in germinal cells.
Thus, ischemic damage escalates to reperfusion damage
[5]. Long-term sperm count and motility decrease due to
TT ischemia-reperfusion injury. The quality of semen
decreases. The net result is infertility [6].

Among the pharmacological agents attracting the atten-
tion of researchers for the purpose of preventing I/R in
recent years are phosphodiesterase (PDE) inhibitors. PDEs,
which have 11 different isoenzymes, are found in many
cells in the body. These enzymes catalyze the hydrolysis
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of the intracellular second messengers as cyclic Adenosine
Monophosphate (cAMP) and cyclic Guanosine Monophos-
phate (cGMP) that play central role in signal transduction
and regulating various physiological and pathophysiologi-
cal processes of cells, including growth, differentiation,
and proliferation. Through this process, they terminate
cyclic nucleotide signaling [7]. Signal transduction begins
with the activation of protein kinase A (PKA) and pro-
tein kinase G (PKG) by cAMP and cGMP, respectively.
The corresponding proteins are then phosphorylated; thus,
downstream pathways are activated. One of these targets
is the inhibition of PDES. Phosphorylation of PDES plays
a regulatory feedback inhibition role in the signaling cas-
cade of cGMP/PKG. PKG activation induced by cGMP
phosphorylates a variety of intracellular proteins that regu-
late physiological functions such as cell differentiation and
proliferation, modulation of vascular tone, and endothelial
permeability [8]. Due to these vasoactive effects, many
studies have been conducted on I/R using the first-genera-
tion PDES inhibitors sildenafil, tadalafil and vardenafil [9].

Avanafil is another PDES inhibitor that has more PDE
isoform selectivity compared to first-generation PDES5
inhibitors and offers different physical and chemical prop-
erties [10]. Because of these properties, we used avanafil in
the present study with the hope that it would have different
effects on I/R caused by TT.

On the other hand, the modulation of the NOD-, LRR-
and pyrin domain-containing protein 3 (NLRP3) inflamma-
some has a significant role in I/R. NLRP3 is a molecule that
is considered a main regulator of inflammation. NLRP3 is
thought to be effective in the pathophysiology of various
diseases such as cancer, cardiac, metabolic and inflamma-
tory diseases. Reactive oxygen species (ROS), increased by
oxidative stress due to I/R, activate NLRP3 inflammasome.
With activated NLRP3, procaspase-1 is activated to caspase
1, which in term causes the activation of the pro-inflam-
matory Interleukin-1f (IL-1p) and Interleukin-18 (IL-18).
This process leads to the progression of inflammation and
further aggravation of the damage. As a result, the interest
in therapeutic approaches targeting the NLRP3 inflamma-
some in I/R is steadily increasing [11, 12]. NLRP3 has been
found to be associated with the male reproductive system
and with infertility. Activation of the NLRP3 inflammasome,
leading to proinflammatory cytokine storms, oxidative stress
and apoptosis, has been shown to be part of the multiple
inflammatory mechanisms leading to male infertility [13].
In varicocele, a leading cause of male infertility, the NLRP3
inflammasome is activated and negatively affects spermato-
genesis, resulting in sperm DNA fragmentation, mitochon-
drial dysfunction and motility [14]. Another study suggests
that the NLRP3 inflammasome may be an important target
for treatment as a new medical approach to reduce testicular
damage associated with varicocele[15].

In the present study, the efficacy of avanafil, a second-
generation PDES inhibitor, on TT-related I/R via NLRP3,
which triggers the inflammatory response, were to be inves-
tigated molecularly, biochemically, and histopathologically.

Materials and Methods
Ethical Approval

Approval of the study was obtained from The Local Ethics
Council of Animal Experiments of our University (approval
number: 31.05.2022/2022-6/106). The study was conducted
in accordance with ARRIVE guidelines and nationally
accepted guidelines.

Animals

The rats used for the study were male Wistar albino rats of
8 to 10 weeks of age and 250 to 280 g in weight, and the
determined number of rats was 24. The rats used in this
study were provided by the Laboratory for Experimental
Animals of the Medical and Experimental Application and
Research Center of the University. Rats were fed ad libitum
with standard pellet and tap water, hosted inside polypropyl-
ene cages with a 12-h dark/light photoperiod, under standard
temperature (22 + 1 °C) and humidity (50-60%).

Study Protocol
Rats were randomized into four groups for the study:

Group 1: Healthy (H)

Group 2: Torsion with ischemia and reperfusion (I/R)
Group 3: Torsion with ischemia and reperfusion + avana-
fil at 5 mg/kg (I/R + AVAS)

Group 4: Torsion with ischemia and reperfusion + avana-
fil at 10 mg/kg (I/R + AVA10)

To perform ischemia/reperfusion (I/R) of the testes,
rats were given 25 mg/kg thiopental sodium intraperito-
neally, and 2 cm vertical cuts were made 2-3 cm lateral to
the abdominal midline along the scrotal midline. Group 1
underwent only surgical incision, and no torsion procedure
was performed. A testicular I/R model was created for the
second, third, and fourth groups.

Avanafil was suspended in distilled water and a single
dose of avanafil 5 mg/kg and 10 mg/kg by oral gavage was
given to groups 3 and 4, respectively, before reperfusion. To
create the I/R model, the left testicle was subjected to torsion
in the scrotal cavity together with the tunica vaginalis and
the spermatic cord, by rotating it 720 degrees clockwise.
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The testicles were subjected to ischemia for 2 h. At the
end of 2nd hour, a detorsion procedure was performed and
the testicles were exposed to reperfusion for 4 h. After the
reperfusion, all rats were euthanized under general anesthe-
sia by administering 50 mg/kg Na thiopental.

Testicular tissues taken for molecular and biochemical
analyzes were kept at -80 °C until the analyses. For histo-
pathological examination, some of the testicular tissues were
placed in 10% formalin solution.

Avanafil (SML2799), ketamine (Ketalar 500 mg/10 ml)
and xylazine (Bacilazine 2%) were obtained from Sigma-
Aldrich Chemie GmbH (Munich, Germany), Pfizer (istanbul,
Turkey) and Biotek (Istanbul, Turkey), respectively.

Molecular Studies

NLRP3, IL-1p and Tumor Necrosis alpha (TNF-a) mRNA
expression levels in testis tissue were determined using reverse
transcription polymerase chain reaction (RT-PCR) method.

RNA Extraction

After the tissue samples were treated with liquid nitrogen,
homogenization was performed. RNA extraction and total
RNA isolation were performed with a QIAcube device.
The quantity of total mRNA was determined through Nan-
oDrop spectrophotometer at 260 nm (Biotek, Shoreline,
WA, USA, EPOCH Take 3 Plate). Obtained RNA was
freezed at —80 °C.

Reverse Transcriptase Reaction and Synthesis
of Complementary DNA (cDNA)

High-Capacity cDNA Reverse Transcription Kit (Thermo
Fisher, Waltham, MA, USA) was used. cDNA synthesis
was achieved with VeritiTM 96-Well Thermal Cycler
(Applied Biosystems, Waltham, MA, USA) according to
the specified temperature values.

For cDNA synthesis, 10uL total RNA, 2uL 10X RT
random primers, 0.8uL 25X dNTP mixes, 1uL MultiScribe
reverse transcriptase, 2uL 10X RT buffer, and 4.2uL dieth-
ylpyrocarbonate-treated H20O were used. NanoDrop spec-
trophotometer (EPOCH Take3 Plate, BioTek) was used to
determine the amount of cDNA. The obtained cDNA was
then stored at -20 °C. [16].

Quantitative Detection of mRNA Expressions

The mRNA expressions of NLRP3, IL-1f, and TNF-a by
RT-PCR were determined using the StepOnePlus RT-PCR
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System (Applied Biosystems) for amplification and quan-
tification procedures. Examination of testicular mRNA
expression was performed using TagMan® Gene Expres-
sion Master Mix (Thermo Fisher). B-Actin was used as a
reference gene.

For 200 ng cDNA, the subsequent TagMan gene expres-
sion experiments were performed by pipetting 2 uL of
200 ng cDNA, 10 pL. TagMan Master Mix, and 1 yL assay,
adding RNase-free H20 to make the total volume 20 pL.
The assay was run for 40 cycles on the instrument. The
number of cycles in which the fluorescence signal level
exceeds the minimum or threshold value obtained in real-
time PCR experiments is called the cycle threshold (CT).
CT values were calculated by conversion to AACt [17].

Biochemical Measurements

Malondialdehyde (MDA) levels were determined using
Ohkawa [18], Superoxide dismutase (SOD) enzyme activ-
ity measurements were determined using Sun and Oberley
method [19], and total protein levels were determined using
Lowry method [20]. MDA results were presented as nmol/
mg protein, while SOD results were expressed as U/mg
protein.

Histopathological Analyses

All histopathological analyses were performed in the
Research Laboratory of the Histology and Embryology
Department of the Faculty of Medicine, University of
Kafkas.

For histopathologic analysis, the collected testicular tis-
sue samples were placed in formalin solution and fixed for
48 h. The tissue processing procedure was as follows: Tissue
samples were washed under running water for 2 h. Tissues
were then dehydrated through a series of 50% (2 h), 70%
(1 h), 80% (1 h), 96% (1 h), and 99% (1 h) alcohol solu-
tions. The tissues were then soaked in three series of xylene
solutions (3 X 15 min). Finally, the tissues were soaked in
series of melted paraffin (2x 1 h) and the tissue samples
were embedded in paraffin to complete the processing pro-
cedure [21].

The resulting blocks were placed in a microtome, and
5-pm thick sections from each block were placed on poly-
L-lysine slides. Routine hematoxylin and eosin staining
was performed on the slides. Accordingly, Tissue samples
placed on the slides were kept in a vacuum oven at 60 °C for
20 min, and then the samples were exposed to three series
of xylene for 5 min. The slides were then dehydrated in a
series of decreasing concentrations of alcohol (99%, 96%,
80%, 70%, and 50%) for 5 min, and nuclear staining was per-
formed with Harris hematoxylin dye for 3 min. The samples
were then stained for cytoplasm with Eosin Y solution for
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Fig.1 NLRP3, IL-1B, and TNF-oo mRNA expression levels obtained
by RT-PCR. H: Healthy group; I/R: ischemia-reperfusion injury
group; I/R+AVAS5: group administered 5 mg/kg avanafil with

ischemia-reperfusion injury; I/R+AVA10: group administered
10 mg/kg avanafil with ischemia-reperfusion injury. *: Comparison
to the healthy group,®: comparison to the I/R group

2 min for contrast staining. Finally, the slides were passed
through a series of 96% and 99% alcohol and xylene, and
the surfaces of the slides were sealed with coverslips using a
bonding agent. All slides were examined and photographed
under a camera-attached microscope (Olimpus CX41) [22].

When tissue expression levels of NLRP3, IL-1f and
TNF-a mRNA were examined in this rat model of TT with
I/R, there was a meaningful statistical increase in these
expression levels in the I/R groups regarding to the healthy
group (p<0.001).

When the efficacy of avanafil was investigated, NLRP3,
IL-1P and TNF-a mRNA expression levels, which increased
as aresult of I/R, decreased in I/R + AVAS and I/R + AVA10
groups. (p<0.001). The greatest decrease in NLRP3, IL-1§
and TNF-« levels was seen in the AVA10 group (p<0.001).

Statistical Analysis

For the evaluation of the data, SPSS Statistics 25.0 (IBM,
NY, USA) was used for the statistical analyses and the
results were presented as mean + standard deviation (SD).
The analyses of NLRP3, IL-1p, and TNF-oo mRNA expres-

. . . ) Levels of SOD and MDA
sion levels were carried out by using variance and Tukey
tests (p <0.001). . . .
The obtained SOD enzyme activities and MDA tissue levels
of all study groups are presented in Fig. 2. Accordingly, a sig-
Results nificant decrease in SOD enzyme activities and a significant

increase in MDA levels were found in the I/R group regard-
ing to the healthy group (p <0.001). A statistically significant
increase in SOD enzyme levels and a statistically significant
decrease in MDA levels were detected in the I/R + AVAS and
I/R+ AVA10 groups compared to the I/R group (p <0.001).

Expressions of NLRP3, IL-18, and TNF-a

The obtained mRNA expression levels of NLRP3, IL-1f and
TNF-a of all study groups are given in Fig. 1.

Fig.2 Comparisons of SOD
enzyme activity and MDA lev-
els in study groupsH: Healthy
group; I/R: ischemia-reperfu-
sion injury group; I/R + AVAS5:
group administered 5 mg/kg
avanafil with ischemia-reperfu-

SOD

sion injury; I/R + AVA10: group
administered 10 mg/kg avanafil
with ischemia-reperfusion
injury. *: Comparison to the
healthy group,®:comparison to
the I/R group
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Fig. 3 Histopathologi-

cal Findings of the Groups
(A-B: Healthy, C-D: IR,

E-F: IR + AVAS, and G-H:
IR+ AVA10)(ST: Seminiferous
Tubule, TA: Interstitial Area,
GE: Germinal Epithelium, Sz:
Spermatozone, LS: Late Sper-
matitis, ES: Early Spermatitis:

PS: Primary Spermatocyte, Sg:
Spermatogonium, Str: Sertoli
Cell, LC: Leydig Cell, Triangle:
Edema, Star: Hemorrhage,
Square: Basal Membrane
Detachments, Round: Necrotic
cells, X: Degenerated Sperma-
tozones)

Histopathological Findings

When the testicular tissues were examined histopathologi-
cally, normal seminiferous tubule structures were detected
in the healthy group. Healthy spermatogonia (Sg), primary
spermatocytes (PS), late and early spermatids (LS-ES),
spermatozoa (Sz), Sertoli cells (Srt), and Leydig cells (LC)
were observed in the germinal epithelium (GM) (Figs. 3A
and 3B).

Areas of hemorrhage and edema in the interstitial spaces
of rats in the I/R group were apparent. Detailed examina-
tion of the seminiferous tubule structures showed structural
disorganization in the germinal epithelium. While some
seminiferous tubules showed early spermatids and primary
spermatocytes with necrotic appearances in the germinal
epithelium, spermatozoa with damaged structures were
observed in the centers of the tubules (Figs. 3C and 3D).

The areas of hemorrhage and edema in the interstitial
spaces observed in the I/R group were not observed in the
I/R + AVAS group. However, the germinal epithelium was
separated from the basal membrane of the seminiferous
tubule in this group. In addition, the germinal epithelium
of the seminiferous tubules in this group had a normal
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appearance, and healthy spermatozoa were observed in the
lumen (Figs. 3E and 3F).

While hemorrhage in the interstitial spaces was not
seen in the I/R + AVA10 group, areas of edema were also
observed in this group. The appearances of the seminif-
erous tubules of this group were very similar to those of
the healthy group. Irregular cellular structures were rarely
observed in the germinal epithelium in this group (Figs. 3G
and 3H).

Discussion

This study investigated the efficacy of avanafil, a second-
generation PDES inhibitor, on TT-induced I/R. Molecular,
biochemical, and histopathologic studies demonstrated that
avanafil can prevent testicular I/R-induced damage. IL-1p,
TNF-a, and NLRP3 levels were statistically higher in the I/R
group compared to the groups treated with avanafil; in par-
ticular, high-dose administration of avanafil lowered those
expression levels close to the levels of the healthy group.
Avanafil is effectively used as the first-line choice for
erectile dysfunction, and for the treatment of pulmonary
hypertension [23]. The morphological structures of PDES5
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inhibitors are very similar to those of cGMP; thus, they bind
competitively to PDES and block the hydrolysis of cGMP.
They increase the amount of cGMP that does not undergo
degradation. cGMP, in turn, activates PKG. Increased PKG
levels play a role in the modulation of important cellular
functions such as regulation of calcium concentration, inhi-
bition of platelet aggregation, phosphorylation of proteins
that regulate smooth muscle tone, and alterations of protein
expressions [24]. In recent years, the use of PDES inhibi-
tors for many different indications has been proposed due
to these vasoactive effects and various studies have been
conducted on these subjects [25]. These new indications led
us to research the efficacy of the second-generation PDES
inhibitor avanafil on TT-related I/R. It has been shown in the
literature that there are potential beneficial effects of PDES
inhibitors in different I/R models [26, 27]. However, most
of these works were limited to the experimental level or had
few applications in the field. Therefore, we used avanafil,
which has higher PDE selectivity than first-generation PDES
inhibitors, in our study. Studies have shown that this group
of drugs modulates the GMP-PKG signaling pathway, caus-
ing vasodilation, increasing blood flow, and thus preventing
the expansion of the ischemic area in I/R, and has antioxi-
dant and anti-inflammatory effects [28, 29].

In the current study, we aimed to prove the positive
effectiveness of avanafil on I/R by demonstrating a different
mechanism of action. Hypoxic damage caused by TT is fol-
lowed by severe reperfusion damage caused by detorsion.
The production of acceptable quantities of ROS is allowed
under normal physiological conditions, modulated by SOD,
catalase (CAT), and glutathione peroxidase (GPx) enzymes.
However, excessive amounts of ROS are produced in cases
of I/R. Since this excessive production of ROS exceeds the
neutralizing capacity of protective enzymes, an imbalance
occurs between the ROS produced and the antioxidation sys-
tem. This gives rise to a serious cellular injury [30]. Lipids
are the chief biological targets of oxidative stress in cellular
injury. Lipid peroxidation produces many secondary prod-
ucts, but primarily MDA. MDA is not only an indicator of
lipid peroxidation, but also is extremely toxic molecule that
interacts with proteins and DNA [31]. Thus, reduced level
of MDA, a biomarker of oxidative stress, is an indicator
of antioxidant activity [32]. The human body contains an
antioxidant defense system that protects against oxidative
injury from reactive oxidants. This defense system consists
of enzymes such as SOD, CAT, and GPx and antioxidants
such as glutathione, ascorbate, and thioredoxin. They resist
oxidative stress and protect structures such as DNA, lipids,
and proteins from damage [33]. Defense systems consisting
of enzymes such as SOD, CAT, and GPx are also found
in testicular tissue. Thus, they preserve testicular germinal
and somatic cells from damage due to free radicals. In con-
trast to antioxidants, MDA is a noteworthy index of lipid

peroxidation by ROS and give rise to damage to somatic and
germinal cells [34].

It has been found that sildenafil, a first-generation PDES
inhibitor, reduces oxidative damage arised by TT-related
I/R in rats and has a cytoprotective effect on germ cells.
The levels of MDA significantly increased in the group
that underwent torsion-detorsion compared to the healthy
group, and tissue CAT and GPx activities decreased. It was
also observed that MDA levels decreased significantly, and
CAT and SOD levels increased in the group that was given
sildenafil before detorsion. When germ cells were examined
histopathologically, it was found that apoptosis decreased
with the administration of sildenafil [35].

The results of our study seem to support previous stud-
ies. Increased MDA levels in the I/R group were detected as
reduced after the administration of both dosages of avanafil.
We believe that avanafil relieves lipid peroxidation by reduc-
ing oxidative stress. When we examined the SOD levels,
another parameter measured in the current study, we found
that the decreased SOD enzyme activities due to damage were
increased after treatment with avanafil. Avanafil decreased the
amount of oxidative stress markers and supported the anti-
oxidant systems. Our histopathological results also provided
clear evidence of the potential protective effects of avanafil. In
contrast to studies conducted with other PDES inhibitors, in
the present study, the interaction of avanafil with the NLRP3
inflammasome, which is activated by increased ROS due to
reperfusion in I/R and creates tissue damage by causing severe
inflammation, was also shown. Increased levels of ROS due to
reperfusion in cases of I/R also cause NLRP3 inflammasome
activation, which is a main modulator of inflammation [36].
NLRP3 is the most known inflammasome related to inflam-
mation. The NLRP3 protein is found in a complex with the
apoptosis-associated speck-like (ASC) adaptor protein and
procaspase-1. Procaspase-1 is activated into caspase-1 by
activated NLRP3; thus, the conversion of inactive proinflam-
matory cytokines IL-1f and IL-18 into their active forms is
induced [37]. Caspase-1, IL-1p, and IL-18 have been found to
increase in I/R in relation to activation of NLRP3. A review
focusing on male reproductive disorders that impact fertility
showed that activation of the innate immune system leads to
increased levels of inflammatory cytokines, apoptosis, and
pyroptosis, which is mediated by activation of the NLRP3
inflammasome [38]. A study to elucidate the mechanisms
explaining inflammation in male infertility found that serum
and semen NLRP3, IL1§, oxidant and antioxidant parameters
were significantly higher in varicocele/azoospermia than in
non-variocele/azoospermia [39]. They concluded that inflam-
masome mechanisms such as NLRP3 and IL1-f molecules
may be of additional value in the assessment of the need for
and benefit of surgical or medical treatment for infertility.

In this study, damage to testicular tissue and impaired
spermatogenesis were associated with NLRP3 activation
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[40]. Oxidative damage to the testicular tissue initially
leads to increased apoptosis, vacuolization of the semi-
niferous epithelium, and a decrease in sperm count [41].
As this process continues, testicular atrophy and impaired
spermatogenesis are inevitable results [42]. Therefore,
NLRP3 could be seen as a target in the group of inno-
vative drugs to treat I/R caused by TT. In our study, the
elevated expressions of NLRP3 and IL-1f due to I/R were
decreased with the use of avanafil. Avanafil alleviated tes-
ticular inflammation by reducing the release of active pro-
inflammatory cytokines via NLRP3. The histopathological
findings of this study support this. In our study, we also
examined variations of TNF-a expressions, one of the main
cytokines of inflammation. We found that TNF-«, which
increases in the event of I/R, was statistically significantly
reduced in the avanafil applied groups. In addition to the
oxidant/antioxidant balance deteriorating due to I/R, it is
also seen that levels of various inflammatory cytokines
such as TNF-a and IL-1f, which cause progression of tes-
ticular damage, are increased in I/R [37]. A decrease in
these cytokine levels indicates a decrease in inflammation
and is also a marker for demonstrating the effectiveness
of the applied pharmacological agent [40]. In our study, it
was shown that avanafil reduces TNF-a and IL-1p levels.
Our histopathological findings also showed that avanafil
alleviates tissue damage.

Limitations

The study has some limitations. First, because our study
was an experimental study in rats, the results should be
confirmed in clinical studies conducted in patients. Sec-
ond, our study conducted histopathological and gene
expression measurement, but not protein expression. In
addition, long-term survival analysis should be performed
in future studies to examine the effects of avanafil on both
mortality and morbidity rates in testicular I/R.

Conclusion

The effects of avanafil, a second-generation PDES inhibi-
tor, on NLRP3 and other cytokines and ROS have been
explained in the context of the TT-based I/R model that we
created. With the administration of avanafil, free oxygen
radicals and NLRP3 inflammasome activation decreased,
and, as a conclusion, the cellular injury produced by tes-
ticular I/R also decreased. We believe that avanafil can
prevent the injury triggered by testicular I/R and that it
will find new applications in the future with the support
of advanced experimental and clinical studies.
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