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Abstract

Purpose: To investigate the biochemical, histopathologic, and spermatogenetic changes in
the detorsionated testicle after experimental torsion and to study the antioxidant effects of
pheniramine maleate and nebivolol.

Methods: Twenty-four Sprague-Dawley male rats were divided into 4 groups: Group 1:
Sham; Group 2: Torsion/Detorsion (T/D); Group 3: T/D + Pheniramine maleate (PM); Group
4: T/D + Nebivolol (NB) group. Paroxanase (PON), total antioxidant status (TAS), total oxidant
status (TOS), and oxidative stres index (OSI) were measured, and spermatogenetic and
histopathologic evaluation was performed in tissue and blood samples.

Results: The evaluation of tissue TAS indicated no statistically significant difference in Group
3 compared to Group 2. A statistically significant increase was detected in Group 4 compared
to Group 2. Serum PON levels revealed a statistically significant increase in Groups 3 and 4
compared to Groups 1 and 2. The Johnsen testicular biopsy score decreased in Groups 3 and
4, but the decrease was not statistically significant.

Conclusions: Pheniramine maleate and nebivolol have antioxidant effects against ischemia-
reperfusion damage. They also support tissue recovery, which is more significantly observed
by nebivolol.
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n Introduction

An acute scrotum is a pediatric urologic
emergency and commonly presentesas
the torsion of the testis or appendix testis.
Testicular torsion occurs due to rotation of the
spermatic cord and its accessories because of
the anastomosis free terminal testicle artery
and the nonelastic structure of the tunica
albuginea, leading to the blockage of the
arterial and venous blood flow.

Besides the blockage of testicular
blood flow, ischemia reperfusion (I/R) damage
developing due to the defense system of the
testicle plays an important role in the formation
of atrophy and loss of testicular functions.
It is believed that detorsion of the testis and
the resulting reperfusion alone may not be
sufficient for preventing testicular damage, and
the antioxidant factors have attracted interest
in recent years due to their damage-prevention
and recovery effect.

Pheniramine maleate (PM) is an
alcylamine-derived H1 antihistaminic, mostly
used for the symptomatic treatment of
allergies and the flu due to its high agregation
capacity to cell membranes because of its
lipophilic features and resulting prevention of
the formation and/or secretion of free radicals
and its anti-inflammatory effect.

Nebivolol (NB) is a third -highly selective
beta-1 receptor antagonist used orally to treat
arterial hypertension. Its long-term use has
been shown to support endothel function, to
prevent the formation of vascular super oxide
by producing NADPH oxidase, and to supress
vascular oxidative stress in antihypertensive
treatment doses?®?.

There are studies on the antioxidant
function of PM and NB on several tissues, but
to our knowledge, this is the first study on their
effect in testis tissue and I/R damage. The study
has three aims: to evaluate the histopathologic,
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biochemical, and spermatogenetic changes in
the ipsilateral testis tissue after torsion and
to investigate the effects of PM and NB on
detorsionated testis tissue.

[ Methods

This experimental study was approved
by the local animal experiments ethic
commitee (06.03.14/275) according to the
Declaration of Helsinki and performed in the
Experimental Animal Laboratory of Ankara
Training and Research Hospital. The animals
were maintained and used in accordance with
the Animal Welfare Act and the Guide for the
Care and Use of Laboratory Animals.

In this study, 24 Sprague-Dawley male
rats weighing 250-300 g were used. The
animals were preserved in metal cages and
were fed standard food and tap water. They
were kept in an environment with a controlled
temperature (21-22°C), humidity (55%—
60%), and controlled photoperiod (12/12 hr
light/dark) for 1 week before the start of the
experiment. The body temperature of the rats
was maintained using a heating lamp. The rats
were randomly divided into four groups (n = 6
per group).

Group 1: Sham-operated rats, all the
surgical steps were performed; however, T/D
was not induced. The animals were kept under
anesthesia for the duration of the procedure.

Group 2: The surgical procedure was
performed as in the sham group; T/D was
induced, but no medication was applied.

Group 3: T/D-operated rats received a
single-dose injection of 10 mg/kg PM (i.p.), 60
min before detorsion. The dose of pheniramine
was chosen on the basis of previous study*.

Group 4: T/D-operated rats received a
single dose of 10 mg/kg NB (p.o.) 60 min before
detorsion. The dose of nebivolol was chosen
on the basis of previous study?®.
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Experimental testicular T/D procedure

The rats were anesthetised with xylazine
hydrochloride 10 mg/kg (Rompun, Bayer-
Istanbul) and ketamine 50 mg/kg (Ketalar,
Pfizer Pharma Istanbul) intramuscularly under
sterile conditions. The right testis was entered
through a midline incision by opening the
scrotum and the lamina parietalis of the tunica
vaginalis, and T/D was induced by rotating the
right testis 720° in a clockwise direction for 2 hr.
1 hr after torsion, group 3 and 4 rats received
a single dose medication. Then, the testis was
counter-rotated to the natural position and
was inserted into the scrotum; the skin incision
was sutured (6-0 polypropylene), and animals
were kept until harvesting time. We removed
the right testes of six animals from each study
group 4 hr after detorsion (six hours after
initiation of the experimental procedure) for
the evaluation of oxidant/antioxidant balance
and histopathological analysis.

Statistical analysis

All statistical examination was carried
out using SPSS version15.0 (SPSS; Chicago, IL,
USA). Student t and Oneway ANOVA test with
Bonferroniadjustment were used forcomparing
normally distributed data. Subsequently,
the relation between these parameters was
evaluated using linear regression analysis
(Backward). These distinctions were accepted
significant when possibility was less than 0.05.

Histopathologic evaluation

Testis tissue samples were fixed in
10% neutral formaline for light microscopical
examination. After a routine tissue preparation
process, 5 um sections of the paraffin tissue
blocks were stained with hematoxylene-
eosin. All seminiferous tubule diameters were
measured and scaled according to Johnsen’s
Tubular Biopsy Scores (JTBS)® and Chart 1.
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Chart 1 - Johnsen testicular biopsy score.

Score Histologic Findings

1 No cells detected in the tubular section

2 Only Sertoli cells are present.

3 Only spermatogonia are present as germ
cells.

4 There are few spermatocytes (5/ tubule)
present.

5 Many spermatocytes are present.

6 There are few spermatides (5/ tubule)
present.

7 Many spermatides are present without
differentiation mark.

8 Young spermatides are present without
the presence of mature spermatocytes.

9 There are few spermatozoa (5/ tubule)
present.

10 Entire spermatogenesis with many sper-

matozoa is present.

Biochemical analysis

Total Antioxidant Status (TAS)

A TAS kit is used for the measurement
of the TAS.

The TAS level was determined using the
method developed by Erel. The principle of the
method was based on the chemical reduction
of the blue-green colored ABTS radical into
the colorless ABTS form by the antioxidants.
For the measurement, a spectrophotometer
(Shimadzu UV 1700A) was used at 25°C. Serum
TAS levels were calculated in mmol Trolox
equivalent/L with the formula TAS= [(AAbs
standard 1)-(AAbs sample)] / [(AAbs standard
1)-(AAbs standard 2)]’.

Total Oxidant Status (TOS)

TOS levels were determined using a
TOS kit, which operates on a novel automated
and colorimetric measurement method, as
previously described by Erel. The principle
of the method is based on the oxidation of
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ferrous ion-chelate complex to ferric ions
by the oxidants in the sample. The same
spectrophotometer as described above was
used, and serum TOS levels were calculated
with the formula TOS= [(AAbs serum) / (AAbs
standard)] x 20 in umol H202 equivalent/L?.

Calculation of the Oxidative Stress Index (OSI)

The TOS:TAS ratio was used as the OSI.
To perform the calculation, the unit of TAS,
mmol Trolox equivalent/L, was converted to
mmol Trolox equivalent/L, and the OSI was
calculated as follows: OSI = ([TOS, mmol H202
equivalent/L]/[TAS, mmol Trolox equivalent/L]
x100) )72,

Paroxanase (PON)

PON activity is measured with a
commercial experimental kit (Relassay®,
Gaziantep, Turkey). PON measurement may be
performed in the presence or absence of NaCl,
and M* cm™ enzyme activity is calculated using
the 18290 molar absorption index®.
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n Results

Biochemical results

The ipsilateral evaluation of tissue
TAS levels detected a statistically significant
increase in Groups 3 and 4 compared to Group 1
(p<0.001). There was no statistically significant
difference between Group 2 and Group 3, but
by comparing Group 4 with Groups 2 and 3, a
statistically significant increase (p<0.001) was
observed (Table 2). The evaluation of tissue
TOS levels indicated no significant difference by
comparing Group 1 with Group 3 and Group 3
with Group 4. There was a statistically significant
increase in Group 4 compared with Group 1
(p<0.001). A statistically significant decrease
was detected in Groups 3 and 4 compared to
Group 2 (p<0.001). When evaluating the tissue
OSI levels, a statistically significant decrease
was detected in Groups 3 and 4 compared to
Groups 2 and 1 (p<0.001) (Table 1).

Table 1 - TAS: Total antioxidant status (TAS), TOS: Total oxidant status, OSI: Oxidative stress index,
PON: Paraoxonase, T-D: Torsion-Detorsion, PM: Pheniramine Maleat, NE: Nebivolol

Group 1 (n=6) Group2(n=6) Group 3 (n=6)

Group4(n=6) P

(Sham) (T-D) (T-D+FM) (T-D+ NE) (ANOVA)

TAS 0.45+0.08 0.57+0.03 0.63+0.03 0.9710.13 P<0.001
(nmol Trolox Equiv.
per mg protein)
TOS 13.0+0.94 18.10+4.03 9.97+1.21 7.38+1.23 P<0.001
(nmol H202 Equiv.
per mg protein)
oSl 29.53+4.30 31.82+7.36 15.76+2.1 7.74%+1.96 P<0.001
(arbitrary unit)
PON (mUl/ml) 33.842.3 23.2+2.7 41.6+1.8 52.2+1.4 P<0.001

Serum PON-1 levels revealed a Johnsen Testicular Biopsy Score

statistically significant increase in Groups 3
and 4 compared to Groups 1 and 2 (p<0.001).
By comparing Groups 3 and 4, a statistically
significant increase was observed in favor of
Group 4.
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The evaluation of the torsion groups
according to the Johnsen testicular biopsy
score indicated that histopathologically
degeneration, desquamation, disorganisation
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of germinal cells, interstitial oedema, capillary The Johnsen testicular biopsy score is detected
congestion, and hemorrhage were observed to have decreased in Groups 3 and 4, but the
as statistically significantly higher in Group 2 decrease was not statistically significant.

compared to Groups 3 and 4 (Table 2) (Figure 1).

Table 2 - Distribution of histopathologic changes in the groups [slight (+), intermediate (++), strong
(+++)], Johnsen’s Testes Biopsy Score (JTBS).

Desquamation in germinal cells ND +++ ++ + <0.05
Disorganisation in germinal ND +++ ++ + <0.05
cells

Degeneration in germinal cells ND +++ ++ + <0.05
Haemorrhage ND +++ ++ + <0.05
Interstitial oedema and ND +++ ++ + <0.05
capillary congestion

Reduction in germinal cell ND +++ ++ + <0.05
counts

Testes histology score count 9.5+0.4 9.0+0.4 9.2+0.4 9.310.4 >0.05
(JTBS)

Figure 1 - Group 1: Sham (n=6), Group 2: I/R (n=6), Group 3: I/R + Pheniramine maleate (n=6), Group 4: I/R +
Nebivolol (n=6) (x100, Hemotoxylen-Eosin).
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] Discussion

Testis torsion is an emergency requiring
prompt diagnosis and necessary surgical
intervention to prevent testicular necrosis
or dysfunction, which may result in future
infertility and therefore is a major fear of the
families of the boys affected. Testicular torsion
is primarily observed in boys in the neonatal or
puberty period. The yearly incidence among
boys younger than 18 years is 3.8/100000, and
surgical intervention is required in 41.9 % of
cases?™.

Two determinant factors of testicular
atrophy are the time period between the
beginning of the symptoms and the detorsion
and the rotation degree of the spermatic cord.
The occurance of severe testicular atrophy
is variable; it may occur in a short time, e.g.,
4 hours if the spermatic cord is twisted 360
degrees, or no atrophy can be detected in
cases with incomplete torsion (180-360°) even
after 12 hours*?.

In  another study, the complete
deterioration in  spermatogenesis after
unilateral testis torsion was found to occur
in 50% of the cases where a borderline
deterioration is observed in 20% of the other
50%'*. Another study revealed subfertility
in 36—39% of patients after unilateral testis
torsion/detorsion. In the long-term follow-
up of these, normal semen parameters were
found in 5-50%3.

Subfertility and infertility are primarily
associated with the blockage of the testicular
blood flow, but free radicals developing after
reperfusion also play an important role.
Testis torsion causes ischemic damage where
detorsion is responsible for the development
of biochemical and structural changes in the
tissue. Studies have shown that ischemia
reperfusion tissue damage occurs due to
free oxygen radicals (FORs). FORs disrupt
the structural elements of the tissue and
cause damage. Many studies have reported
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on I/R damage and the effects of antioxidant
therapy in reducing this damage. There are
several antioxidant defense mechanisms
to remove FORs in the cells. Reperfusion
damage is found to be closely associated with
neutrophil infiltration and the increase in
FORs. These FORs increase the membrane’s
permeability because of the peroxidation of
its lipid elements, protein denaturation, and
cell damage. They also enhance the germ cell
damage due to ischemia'*?*®. The search for
antioxidant agents that can prevent I/R damage
and preserve detorsionated and contralateral
testis function continues. New treatment
strategies like natural products, vitamines,
selenium, hormones, hormone receptors,
vascular agents, phosphodiesterase inhibitors,
anestetic and nonsteroid antiinflammatory
drugs, mucolytic agents, and hyperbaric
oxygen therapy are introduced to prevent I/R
damage, but no consensus could be reached
on the clinical use. The protective effect of
antihistaminics against the harmful effects of
free radicals has attracted attention in recent
years. PM is an alcali-erived antihistaminic,
which is believed to adhese to cell membranes
because of its lipophilic feature and inhibit the
formation and/or secretion of free radicals.

In vitro studies have shown that the
formation of free radicals occurs through
activated neutrophils. It is believed that the
antioxidant effect of H1 antihistaminics helps
to decrease tissue damage. Nosalova and
Bayrak have shown the I/R damage-prevention
effect on gastrointestinal and renal systems,
respectively*'’. PM is widely used for the
treatment of allergy and cold symptoms and has
an anti-inflammatory effect, which functions
through the transcription factor NF-kB. It affects
I/R damage by inhibiting the secretion of some
mediators in the inflammatory process®.

Yirekli et al.*® illustrated the protective
effect of PM by I/R damage in the brain tissue,
while Nosalova et al.* obtained similar results
by mesenteric I/R damage. Gokalp et al.* have



Acta Cir Bras. 2018;33(2):125-133

detected that PM has a protective effect on
the I/R damage of lung tissue through the
inhibition of the inflammatory mediators.

NB is a third-generation highly selective
beta-1 receptor antagonist and is widely
used orally to treat arterial hypertension. It
has endothelium-dependent vasodilatation
features due to the secretion of endothelium-
derived relaxing factor and NO. NB is a negative
inotrop and beta 3 receptor agonist agent, and
the NO synthesis takes place by inducing the
beta 3 receptors. It is shown that long-term
use of NB develops the endothel function,
prevents vascular superoxide production by
producing NADPH oxidase, and supresses
vascular oxidative stress in antihypertensive
doses?*'¥% |n an endothel function study, it
was detected that NB decreased the oxidative
stress agent endothelin-1 production and
secretion in smooth muscle cells??.

Gandhi et al.?? reported that NB has
a protective effect against renal I/R damage
because of its beta 1 adrenoreceptor blocker
activity and apoptotic and anti-inflammatory
features. Soydan et al.*® demonstrated that
L-NB has a supportive effect on endothelial
and ileal dysfunction after superior mesenteric
artery I/R damage. de Groot et al.° reported
on the antioxidant activity in their aorta study,
while ilhan et al.2 illustrated its protective
effect on I/R damage of the spinal cord. Heeba
et al.** detected the oxidative stress-reducing
effect and Uzar et al.*® antioxidant and anti-
apoptotic effects of NB by cerebral I/R damage.

TAS  measurement gives more
information than the measurement of the
antioxidants individually. For this reason, TAS
measurement is widely used to determine the
total antioxidant capacity. Studies have shown
that PON may be an indicator of the antioxidant
system of the body and therefore can be used
as a biomarker*?. The OSl is a parameter
showing the tendence of oxidants and
antioxidants in the oxidant/antioxidant balance
and can be calculated by the division of the
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total oxidants by the total antioxidants. The OSI
is a marker that can indicate lipid peroxidation,
protein oxidation, and DNA damage caused by
the uncompensated free radicals formed due
to the increase of the oxidants or decrease of
the antioxidants. In addition, several methods
are used to evaluate the oxidative stress and
the antioxidant status, but higher costs and
time investment are needed to determine and
measure them individually. Therefore, TOS,
TAS, and PON are measured and the OSI has
been calculated in recent years?,.

In our study, we detected that the
application of PM and NB has increased TAS
and decreased TOS and the OSI, indicating
the antioxidant feature of PM and NB.
Histopathologically, it was detected that in the
studygroupswithPMandNBapplication, thel/R
damage tended to recover, which was observed
more potently in the NB group. According
to these results, we can see that NB has an
antioxidant effect, protects the testis tissue,
and supports recovery histopathologically by
testis torsion. We observed similar effects with
PM as well, but not as potent as NB.

In this study, it was shown that I/R
damage occurs after testis torsion histologically
and biochemically, which caused impaired
spermatogenesis and may eventually lead to
subfertility and infertility. PM and NB have
reversed this negative effect after a single
administration. These results are promising for
theuseoftheseagentsasfuturedrugstorecover
testis damage. PM and NB treatments also
decreased the OSI and TOS levels significantly
and increased the PON and TAS levels, which
indicate the antioxidant capacity in the testis
tissue (Table 1). Oxidative stress activates
pathways for the synthesis of proinflammatory
cytokines and cell adhesion molecules. For this
reason, oxidative stress may have a positive
effect on the inflammatory response after testis
I/R induced by endotoxemia. Our data revealed
that spermatogenetic dysfunction due to
oxidative stress developed after testis I/R and
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that PM, and more significantly, NB application
provides histopathological enhancement
(Figure 1). The findings of this study support
the consideration that PM and NB protect
testicular function after I/R by reducing the
oxidative stress.

u Conclusions

Pheniramine maleate and nebivolol
have antioxidant effects against ischemia-
reperfusion damage. They also support tissue
recovery, which is more significantly observed
by nebivolol.
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