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Abstract

Introduction: The aim of this experimental study was to investigate
the histopathological and biochemical effects of pyrrolidine dith-
iocarbamate, an antioxidant and inhibitor of NF-kp, on ischemia-
reperfusion injury in rats.

Methods: A total of 21 male Wistar-Albino rats were randomly dis-
tributed into three groups as sham group (Group 1), ischemia-reper-
fusion (I/R) group (Group 2) and I/R with pyrrolidine dithiocarba-
mate (PDTC) group (Group 3). Left testicles of rats in Groups 2 and
3 underwent testicular torsion of 720° for four hours and 100 mg/
kg of PDTC was administered intraperitoneally prior to detorsion in
Group 3. An hour after detorsion process, left orchiectomies were
performed and 5 ml of intracardiac blood samples were drawn from
rats in all three groups. Histopathological examination of testis tis-
sues performed and measurement of superoxide dismutase (SOD)
and malondialdehyde (MDA) levels in blood samples were taken.
Results: Elevated levels of MDA and decreased SOD activity,
together with decreased Johnson tubular biopsy scores consistent
with I/R injury were observed in Group 2 (p<0.05). Group 1 and
Group 3 were similar in terms of MDA levels, SOD activity, and
Johnson scores (p>0.05).

Conclusions: Our results indicated that PDTC may have benefi-
cial effects for alleviation of I/R injury in testicular tissue in rats.
Understanding the underlying mechanisms and exploration of its
diagnostic and therapeutic potential requires further randomized,
controlled trials on a larger scale.

Introduction

Testicular torsion is a urological emergency that occurs
mostly in adolescence and childhood. Its prevalence in
males younger than 25 years is 1:4000 and it constitutes
25-35% of acute scrotal diseases of childhood. Unless diag-
nosis is established on time, testicular torsion may result in
loss of testicular function and infertility. Ischemia due to tes-
ticular torsion in conjunction with reperfusion after detorsion
are the underlying mechanisms for testicular injury. Failure

of metabolic supply, owing to the dimunition of oxygen
in ischemia, decreased cellular stores, and accumulation
of toxic metabolites lead to germ cell death.! Rotation of
spermatic cord is initially accompanied by edema attrib-
uted to venous and lymphatic obstructions. Advancement of
obstruction impedes arterial circulation, which is followed
by testicular infarct. Tissue injury that occurs in testicular
torsion is related to the degree and duration of testicular tor-
sion.? Experimental studies have shown that spermatogonia
and spermatocytes are the most sensitive cells for testicular
ischemia.

Free-oxygen radicals are linked with ischemia reperfu-
sion (I/R) injury.! These free-oxygen radicals exert their del-
eterious effects by destruction of the structural elements of
the cell. Various antioxidants, like vitamin E, allopurinol,
and melatonin, have been used to alleviate the hazardous
impacts of free-oxygen radicals.*

NFkB protein complexes are associated with immune
response, inflammatory process, cellular proliferation, and
apoptosis.> Pyrrolidine dithiocarbamate (PDTC) is a specif-
ic inhibitor of NFkB.® Activation of NFkB by interleukin-1,
tumour necrosis factor-a, and lipopolysaccharides has been
blocked by administration of PDTC in human lymphocytic
cell cultures.”

To the best of our knowledge, effects of PDTC on I/R
injury in a testicular torsion model has not been studied in
the literature. Therefore, the aim of this experimental study
is to evaluate the histopathological and biochemical effects
of PDTC on I/R injury due to testicular torsion.

Experimental design

This experimental study was carried out in the experimental
research laboratory after the approval of the Institutional
Animal Care and Use Committee of our institution (2013/33).
Animals were kept at constant temperature (20-22°C) and
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humidity (50-60%) with a diurnal cycle of 12-hour day and
12-hour night periods. Animals were purchased from the
facilities of our experimental research laboratory. Access
to standard pellet food (210 kcal/100 g/day) and tap water
was provided ad libitum. All procedures were performed
with respect to the guidelines of the National Institute of
Health guide for the care and use of laboratory animals
(NIH Publication No. 8023, revised 1978). A total of 21
male Wistar Albino rats (weighing 200-250 grams) that were
three months old were used in this study. Histopathological
examinations were done in the histology department of our
institution, while analysis of blood samples was implement-
ed in the biochemistry department.

Test animal were divided ino three groups, with each
group consisting of seven rats. Procedures administered in
each group were as follows: Group 1 (control) underwent
left orchiectomy after scrotal incision without any additional
surgical interventions. In Group 2, left testis was dissected
after left scrotal incision and testicular torsion was accom-
plished by a counterclockwise rotation of 720°. Four hours
after fixation of testis onto medial and lateral scrotal walls
using 5/0 silk sutures, detorsion was made and reperfusion
was allowed for one hour. At the end of one hour, testis
was dissected and sent for histopathological examination.
In Group 3, all procedures in Group 2 were performed. In
addition, PDTC was administered intraperitoneally at a dose
of 100 mg/kg 15 minutes prior to reperfusion.

For biochemical analysis, 5 ml of blood samples were
obtained from all rats. Sacrification was made by decapita-
tion after application of high-dose anesthetics.

Biochemical assay

Serum levels of superoxide dismutase (SOD) and malondi-
aldehyde (MDA) were measured using colorimetric meth-
od and commercially available kits (Cayman Chemical
Company, Ml, U.S.).

Table 1. Johnsen tubular biopsy score

Score Definition
10 Complete spermatogenesis with many spermatozoa
Disorganized spematogenesis with many spermatozoa
Only a few spermatozoa (<5-10/tubule)
No spermatozoa, many spermatids

Only a few spermatids (<5-10/tubule)

No spermatids, many spermatocytes

Only a few spermatocytes (<5/tubule)

Only spermatogonia
Only Sertoli cells

= N W OO N 0 ©

No cells detected in tubular section

PDTC and ischemia-reperfusion injury in testis

Histopathological examination

After fixation of tissues in 10% formaldehyde solution for
24 hours, subsequent steps of irrigation and applications of
alcohol and xylol were made. Paraffin blocks with thick-
nesses of 4-5 pm were stained with hematoxylin-eosin and
Masson’s trichrome stains.

Evaluation of changes in seminiferous tubules in three
groups was made on a 1-10 scoring system, as described
by Johnsen et al (Table 1).2 Seminiferous tubule diameters
were measured on four different points in 10 tubules using
Nikon Eclipse 80 i microscope (Nikon Instruments Europe
B.V, Amsterdam, The Netherlands) using NIS-Elements D
3.2 program (Nikon Instruments Europe B.V, Amsterdam,
The Netherlands). Number of apoptotic cells was assessed
with TUNEL method using a commercially available Gen
Script L00290 kit (GenScript USA Inc., Piscataway, NJ, U.S.).

Statistical analysis

Analysis of data was made using Statistical Package for
Social Sciences program version 17.0 (SPSS Inc.,Chicago,
IL, U.S.). Kruskal-Wallis variance analysis was used for SOD
and MDA values, while comparison between groups was
performed by means of Mann-Whitney U test.

Results

Biochemical results

An overview of results derived from biochemical analysis of
sera is presented in Table 2. Comparison of groups in terms
of MDA and SOD values revealed a remarkable difference
(p=0.007 for MDA, p=0.020 for SOD). With respect to MDA
levels, there were significant differences between Groups 1
and 2 (p=0.006) and Groups 2 and 3 (p=0.025). In contrast,
MDA levels were similar in Groups 1 and 3 (p=0.142).

With respect to levels of SOD, there were noteworthy
differences between Groups 1 and 2 (p=0.014) and Groups
2 and 3 (p=0.020). However, SOD levels did not display
a notable difference between Groups 1 and 3 (p=0.564).

Table 2. Comparison of serum levels of MIDA and SOD in
three groups

Groups MDA SOD
Tvs.2 p=0.006* p=0.014*
1vs.3 p=0.142 p=0.564
2vs. 3 p=0.025* p=0.020*

*statistically significant; MDA: malondialdehyde; SOD: superoxide dismutase.
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areas preserved in Group 1 (Hematoxylin-eosin X 200).

Histopathological results

The structural alterations in three groups are shown in Figs.
1-4. Testicular duration that lasted for four hours brought
about macroscopic discolouration due to ischemia and
edema. Seminiferous tubules appeared normal in Group 1.
In Group 2, reduction of number of spermatozoa, disruption
of tubuler epithelium, formation of debris formed due to
accumulation of immature spermatogenetic cells in tubu-
lar lumen, edema, congestion, and atrophy were observed.
Histopathological findings for seminiferous tubules in Group
3 were similar with those in Group 1; however, there was
a decrease in number of spermatozoa in several sections
in Group 3.

Fig. 3. Tubular necrosis (arrows) in Group 2 (Hematoxylin-eosin X 200).

Fig. 2. Epithelial irregularity, decreased number of spermatozoa (arrow) and
debris formation in lumen due to accumulation of immature spermatogenetic
cells (asterisk) in Group 2 (Hematoxylin-eosin X 200).

Diameters of seminiferous tubules were reduced in Group
2, whereas Groups 1 and 3 displayed similar findings. Only
a few apoptotic cells were detected in Groups 1 and 3, while
there was a noteworthy increase in their number in Group 2.

Comparison of groups with respect to Johnsen score,
diameter of seminiferous tubules, and number of apoptotic
cells are demonstrated in Figs. 5-7. It turned out there were
significant differences between Groups 1 and 2 (p=0.001)
and Groups 2 and 3 (p=0.005) regarding Johnsen scores.
Similarly, remarkable differences were observed between
Groups 1 and 2 (p=0.002) and Groups 2 and 3 (p<0.001)
with respect to diameters of seminiferous tubules. In the
same fashion, noteworthy differences were observed
between Groups 1 and 2 (p=0.001) and Groups 2 and 3 in
terms of number of apoptotic cells.

Fig. 4. Apoptotic cells (arrow) are observed rarely in Group 3.
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Group Il

Group Il

Group |

Fig. 5. Overview of Johnsen scores in study and control groups. significant
difference between Group | and Group Il (p=0.001); ’significant difference
between Group Il and Group 11 (p=0.005); no significant difference between
Group | and Group |1l (p=0.142).

Discussion

In the current study, we aimed to investigate the effects of
PDTC on histopathological parameters and serum levels of
MDA and SOD in I/R injury from an experimental testicular
torsion model. Our results imply that PDTC may have benefi-
cial effects for alleviation of the deleterious effects of I/R injury.

A complete cessation of blood flow and ischemia can
occur due to a testicular torsion of 720°, with a resultant
hypoxia and necrosis of germinal cells. Experimental studies
demonstrated that these changes may be reversible in the
first four to six hours after onset. Therefore, timely diagnosis
and appropriate intervention without delay are key points
in the management of testicular torsion.?

Etiology of ischemic injury formed during testicular tor-
sion is associated with inflammation and oxidative stress.
Detorsion of testis is followed by reperfusion and oxygen-
ation characterized by increased free-oxygen radicals and
reactive nitrogen radicals. These biochemical changes cause
toxic effects, such as lipid peroxidation, protein oxidation,
and oxidative damage on DNA."® MDA is one of the mark-
ers of this oxidative damage and its levels are elevated in
tissues exposed to I/R injury." Superoxide dismutase is an
antioxidant enzyme that converts toxic superoxide radicals
to molecular oxygen and hydrogen peroxide. Similar to
MDA, SOD activity reflects the oxidative stress in tissue.'

Alternative medications that may aid in restoration of
reperfusion injury after restoration have been investigated.
Nevertheless, no consensus could be established on the indi-
cations, effectivity, dosage, and duration of these molecules
on alleviation of I/R injury.>'"'?

Group Il

Group 1l

Fig. 6. Overview of diameters of seminiferous tubules in study and control
groups. *significant difference between Group | and Group Il (p=0.002);
vsignificant difference between Group Il and Group |1l (p=0.006); no significant
difference between Group | and Group Il (p=0.786).

Pyrrolidine dithiocarbamate is a low-molecular weight
thiol compound used as an antioxidant against the toxic
impacts of free radicals. This beneficial effect of PDTC
is linked with its thiol group, which acts by neutralizing
reactive oxygen species. Its biochemical activities, includ-
ing alternation of redox state, chelation of heavy metals,
and inhibition of enzymes are well studied. Therefore,
antioxidant and therapeutic application of PDTC in dis-
eases involving the production of free radicals are known.
Consequently, PDTC reduces the production of inflamma-
tory cytokines.'?

Protective role of PDTC against I/R injury was the main
concern of the current study. Previous reports have docu-
mented the beneficial effects of PDTC in testicular injury
due to cisplatin, renal damage attributed to extracorporeal
shock wave lithotripsy, acute respiratory distress syndrome,
and focal cerebral ischemia.’*'” Controversial reports exist
on effects of PDTC on apoptosis.'®

Significant contribution may be obtained from the effects
of PDTC for alleviation and restoration of I/R injury in testis.
Hopefully, our results may inspire further trials investigat-
ing the applications of PDTC in other diseases associated
with I/R injury.

This trial is the first study investigating the histopathological
and biochemical effects of PDTC on I/R injury in testis. Our
results show that PDTC may have a protective role against
histopathological and biochemical deleterious effects of I/R
injury. Therefore, further controlled trials on a larger series
of subjects must be performed to explore and interpret the
clinical implications of data derived from the present study.
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Fig. 7. Comparative view of diameters of seminiferous tubules in study and
control groups. “significant difference between Group | and Group Il (p=0.001);
“significant difference between Group Il and Group Ill (p=0.002); no significant
difference between Group | and Group Il (p=0.226).

Restrictions due to technical and environmental factors
must be kept in mind before extrapolation of these results.
From this point of view, lack of analysis of other indicators
of oxidative stress constitutes an important limitation.

The histopathological effects of I/R injury in testis by
number of apoptotic cells and Johnson scores has been
previously reported by several authors.' In the literature,
biochemical consequences of I/R have been associated with
levels of MDA.'%202" [ncreased MDA levels are consistent
with increased lipid peroxidation in I/R injury. Similarly,
SOD is an enzyme that functions to re-establish the balance
after oxidative stress injury and, therefore, it may serve as
an indicator for oxidative stress.??

In previous studies, it's been shown that there were some
histopathological changes and a decrease in testicular perfu-
sion not only in ipsilateral torted, but also in the contralateral
nontorted testis.?*?* The agents used for prevention of I/R
damage on ipsilateral testis also have beneficial effects on
contralateral testis.?>** These results could have clinical rel-
evance in the clinical scenario of a necessary orchiectomy.
We didn’t investigate the contralateral testis and this can be
a pitfall of our study; investigation of both testis can improve
the quality and accuracy of future studies.

Conclusion

Results of the present experimental study have demonstrated
that PDTC has beneficial effects at both histopathological
and biochemical levels against I/R injury. Application of
PDTC amplifies the antioxidant system by lowering MDA
levels and increasing SOD activity, as well as diminishing
apoptotic cells and improving Johnson scores of tubular
biopsy specimen. All in all, PDTC has displayed promising

results as an adjunctive therapeutic measure in I/R injury
in testis. Further trials are warranted for documentation of
actual effectivity and determination of dose, duration, and
route of application.
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