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ABSTRACT

Objective:To compare the number of apoptosis, necrosis and viability of germinal epithelial cells in the contralateral
testicle (CT) and plasma testosterone (PT) levels in white male rats which administered Nifedipine after unilateral
testicular torsion (TT) compared with control group. Material & Methods: This research was an experimental study using
male white rats (Rattus Norvegicus, Wistar strain) aged 10-12 weeks and body weight 150-200 gram. A total of 30 rats were
then randomly divided into 5 groups (n==6) which were negative control group (KN), positive control group (KP1 and KP2)
and Nifedipine-administered group (N1 and N2). Each group performed unilateral left side torsion of testicular of 1080/
anticlockwise except the KN group. There was 4-hour ischemic duration in the KP1 and N1 groups while 10 hours in the
KP2 and N2 groups. Administration of Nifedipine 30 minutes before detorsion by intraperitoneal injection dosed 100
ng'kgBW. All groups performed right erchidectomy and plasma blood sampling. Measurement of apoptosis, necrosis and
viability of germinal epithelial cells in the CT using flowcytometry. Measurement of PT levels using Enzyme-Linked
Immunosorbent Assay (ELISA). Results: The number of apoptosis, necrosis and viability of contralateral testicular
germinal epithelial cells and PT levels in the KN group compared with KP1 and KP2 groups were significantly different
(p=0.03). There was no significant discrepancy in apoptosis (p=0.05) in KP1 group compared with N1 group, as well as in
KP2 group compared with N2 groups. The number of necrosis, viability of germinal epithelial cells in the CT and PT level in
KPI group in compared with N1 group, as well as in KP2 group in compared with N2 group were significantly different
(p=0.05). Conclusion: Nifedipine administration prior to testicular detorsion can maintain cell viability and decrease the
amount of necrotic germinal epithelial cells in the CT and prevent the decrease in PT levels after unilateral TT.

Keywords: Nifedipine, viability, apoptosis, necrosis, germinal epithelial cells, contralateral testicle, plasma testosterone,
unilateral testicular torsion.

ABSTRAK

Tujuan: Membandingkan jumlah apoptosis, nekrosis dan viabilitas sel epitel germinal testis kontralateral serta kadar
testosteron plasma pada tikus putih (Rattus Norvegicus strain Wistar) jantan dengan torsio testis unilateral antara
kelompok yvang diberi Nifedipine dan kelompok kontrol. Bahan & Cara: Penelitian ini merupakan studi eksperimental
dengan menggunakan hewan coba tikus putih (Rattus Norvegicus strain Wistar) jantan wmur 10-12 minggu dan berat
badan 150-200 gram. Sebanyak 30 tikus dirandomisasi kemudian dibagi menjadi 5 kelompok (n=06) vaitu kelompok kontrol
negatif (KN), kontrol positif (KP1 dan KP2) dan perlakuan Nifedipine (N1 dan N2). Masing-masing kelompok dilakukan
torsio testis unilateral sisi kiri sebesar 1080" anticlockwise kecuali grup KN. Durasi iskemia 4 jam pada grup KP1I dan N1
sedangkan 10 jam pada grup KP2 dan N2. Perlakuan Nifedipine secara injeksi intraperitoneal 100 ug/keBB, 30 menit
sebelum dilakukan detorsi. Semua kelompok dilakukan orkidektomi kanan dan pengambilan sampel darah plasma.
Pengukuran jumlah apoptosis, nekrosis dan viabilitas sel germinal testis kontralateral mengunakan flowcyviometry.
Pengukuran kadar testosteron plasma menggunakan Enzyvme-Linked Immunosorbent Assay (ELISA). Hasil: Terdapat
perbedaan jumlah apoptosis, nekrosis dan viabilitas sel epitel germinal testis kontralateral serta kadar testosteron plasma
pada grup KN dibandingkan dengan grup KP1 dan KP2 secara bermakna (p<0.05). Tidak terdapat perbedaan jumiah
apoptosis vang bermakna (p=0.05) antara grup KP1 dan NI serta grup KP2 dan N2. Untuk jumlah nekrosis dan viabilitas
sel tersebut serta kadar testosteron plasma terdapat perbedaan bermakna antara grup KP1 dan NI serta KP2 dan N2.
Simpulan: Pemberian Nifedipine sebelum dilakukan detorsi testis dapat mempertahankan viabilitas sel dan menurunkan
Jumliah nekrosis sel germinal testis kontralateral serta mencegah penurunan kadar testosteron plasma pasca torsio testis
unilateral.
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INTRODUCTION

Testicular torsion is one of the factors
causing infertility in men. According to research by
Krarup (1978), abnormal sperm analysis results
were found in 18 of 19 patients with unilateral
testicular torsion (TT)." The prevalence of infertile
men with a history of TT was about 0.1-1.2%.]
Abnormal sperm analysis was obtained at 30-40% of
men with a history of TT.*' Antisperm antibodies
detected as many as 11% of patients with TT.** The
extent of loss of fertility in patients with TT
determined by the degree of ischemia and resultant
damage to the CT. The damage is an extensively
increased apoptosis of the germinal epithelial cells in
the CT.”* The finding was proved by Sukhotnik
(2005) that the duration of 1-hour ischemia due to
unilateral TT has caused apoptosis.”

There are various mechanisms of damage to
the CT after IRI caused by unilateral TT. Several
mechanisms have been investigated to explain the
impairment to the CT: decreased testicular blood
flow caused by sympathetic reflex response,
autoimmune of spermatogonia, formation of free
radical oxygen after detorsion and excessive
production of nitric oxide (NO).""

In men exposed to hypoxia or with
conditions that interfere with blood flow to the testes
result in alterations in endocrine cell function and
decreased sperm production. A common pathophy-
siological condition in the testes exposed to hypoxia
in the TT are increasing temperature in the testes and
ROS production. These two causes decreased PT,
sperm motility and low sperm count."

Many of the drugs and chemical compounds
that have been studied in experimental animals have
the potential to decrease or prevent damage caused
by IR during TT. Some of the drugs or chemical
compounds have been studied are selective
endothelin-A receptor inhibitors, Apocynin,
Phosphodiesterase Type 5 Inhibitors, Coenzyme
Q10, Lycopene, Ginkgo Biloba, Rosuvastatin,
Tyrosine Kinase Inhibitors and Nifedipine."**

Nifedipine is a class of calcium antagonists.
This drug is useful for vasodilation of smooth muscle

of blood vessels by inhibiting the entry of calcium
ions into cells through a voltage gate channel. These
effects will slow the damage progression of ischemic
tissues. These drugs also have antioxidant effects. Its
use is reported could prevent tissue injury caused by
post-ischemic reperfusion in stroke and myocardial
infarction.” Nifedipine administration before
testicular detorsion to the experimental animals
could prevent further testicular tissue damage due to
IRI. The mechanism is by diminishing concen-
trations of malondialdehyde (MDA), apoptosis and
significantly increasing superoxide dismutase
(SOD) and glutathione peroxidase (GPx) activity."

In this study Nifedipine is expected could
prevent further damage caused by IRI in the CT by
evaluating the amount of apoptosis, necrosis and
viability of germinal epithelial cells in the CT and PT
levels in male white rats which unilateral TT had
been done 4 and 10 hours previously.

OBJECTIVE

To compare the number of apoptosis,
necrosis and viability of germinal epithelial cells in
the CT and plasma testosterone (PT) levels in white
male rats which administered Nifedipine after
unilateral TT compared with control group.

MATERIAL & METHODS

This research was an experimental research
using male white rats (Rattus Norvegicus, Wistar
strain) aged 10-12 weeks and body weight 150-200
grams. The rats were kept in accordance with
laboratory standards, the size floor area of the cage
about 1500 ¢cm’, the height of the top of the cage
22 c¢m, the room temperature ranges from 20-26°C
(air humidity ranges from 40-70%), dark and light
exchange every 12 hours and feeding and drinking
are provided on ad libitum. Each group was placed in
a separate cage and maintained in such a way that it
does not interact with each other. This research has
obtained ethical eligibility from medical research
ethics committee of our institution.

The sample in this study were grouped
randomly into 5 groups: negative control (KN),

198




Indonesian Journal of Urology, Vol. 26, No. 2, July 2019: 196 - 204

positive control (KP1 and KP2), Nifedipine group
(N1 and N2) each contains 6 rats. Subsequently to
group of KP1 and N1 were performed left TT for 4
hours and to group of KP2 and N2 for 10 hours.
Surgical action performed sterile. The anesthesia
was performed using an intramuscular injection of
ketamine 75 mg/kg. Torsion of testicle was
performed by twisting the spermatic cord as much as
1080° anticlock wise seen from the caudal. Detorsion
of testicle was performed by rewinding spermatic
cord as much as 1080° clock wise seen from the
caudal. While the KN group performed sham surgery
(without TT). In the N1 and N2 groups half an hour
before detorsion was administered Nifedipine
(Adalat 5 mg Infusions flasche, 0.01% solution;
Bayer®, Germany) 100 pg/kgBW in 2 cc normal
saline 0.9% (Wida® Normal Saline 0.9% Pasuruan,
Indonesia) intraperitoneally. Furthermore, 4 hours
after detorsion then performed right orchidectomy.
Blood sampling through cardiac puncture as much as
3 ml was inserted in a vacutainer for measurement of
PT levels in each group prior to right orchidectomy.
At the end of studies, experimental rats did
euthanasia procedure. The method uses an
internationally agreed standard method. The dose of
euthanasia uses 3 times the dose of anesthesia. Rats
were incinerated after euthanasia.

The examination of the viability, apoptosis
and necrosis of germinal epithelial cells in the CT
was determined using flowcytometry with Anexin V
binding buffer, propodium iodide (PI) reagents and
FITC antibody anexin which purchased from
Biolegend, San Diego, CA. Flowcytometry
examination was done by making the cell suspension
obtained from the CT within | hour after the
testicular sample received. The preparation of this
suspension was done according to previous
research.”® Hereafter all samples are ready, at a
concentration of 0.25-1.0 x 10" cells/ml, wash cells
two times with cold cell staining buffer, and
resuspend cells in Annexin V binding buffer. Transfer
suspension of cell as much as 100 pl in a 5 ml test

tube. Then add FITC Annexin V(5 ul) and PI Solution
(10 pl). Thus, vortex the cells and incubate for 15 min
(temperature 25°C) in the dark. Annexin V Binding
Buffer as much as 400 pl to each tube is added.
Then the sample is inserted into tube and cell
calculation analyzed by using automated cell
counter FACScan flowcytometer (Becton Dickinson,
San Jose, USA).

Plasma testosterone (PT) levels which
measured from blood specimens were obtained from
the heart puncture and subsequently examined using
Enzyme-Linked Immunosorbent Assay (ELISA)
kit which acquired from Bioassay Technology
Laboratory, Shanghai, China. Blood plasma taken
with EDTA or heparin as an anticoagulant. Half an
hour after sampling, centrifugation sample for 15
minutes 2000-3000 rpm at temperature 2-8°C. Take
the supernatant to run the assay. For each well, take
50 pLL sample then add 50 pL. HRP labeled Rat T and
incubate for 1 hour at 37°C. Aspirate and wash for
5 times. Add substrate A and substrate B for each
well. Incubate for 10 minutes at 37°C. Add 50 pL stop
solution. Read directly on 450 nm using microplate
reader and calculate the result.

The data of this research are presented in
percentage form except testosterone levels. This
research results are significant if p value less than
0.05. The next step is to do multiple comparison test
or Post Hoc Test by Tukey if the test value of one-
way ANOVA p<0.05, or Mann-Whitney test if the
test value of Kruskall-Wallis p<0.05. Data analysis
was evaluated using Statistical Package for Social
Sciences (SPSS) software for Windows version 20.0
(IBM SPSS Statistic, IBM Corp., New York).

RESULTS

In this study, it can also be seen that based on
homogeneity test of variance can be known that
variant of data were non-homogeneous with p value
<0.05 (Table 1). Based on this result, we continued to
analyse by using Post-Hoc Tamhane test to know the

Table 1. Comparison the amount of viable germinal epithelial cells in the CT on each group.

B . Homogeneity One-way
Group (n=6) Mean = SD Normality Test Test Anova Test
KN 9456 +2.38 0.07 0.05 0.00
KP1 89.19 £ 1.00 0.97
KP2 37.50+1.92 0.95
NI 92.17=0.85 0.86
N2 63.62 = 2.08 0.85
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Figure 1. The mean comparison of viability in each group. Asterix sign (¥) represents there are significant
differences between group statistically.

Table 2. Comparison the amount of apoptotic germinal epithelial cells in the CT on each group.

Kruskal Wallis

Group (n=6) Median (Min-Max) Normality Test Test
KN 0.22(0.14 - 2.85) 0.00 0.00
KP1 1.67(0.36 —3.51) 0.04
KP2 13.00(9.29 — 45.96) 0.00
N1 1.33(0.40 - 1.74) 0.58
N2 25.39(22.30 - 28.47) 0.43

Median
(%)

10

Apoptosis

(=]

KN KP1 KP2

N1

N2

0O KN
B KP1
B KP2
B N1
B N2

Figure 2. The median comparison of apoptosis in each group. Asterix sign (*) represents there are significant
differences between group statistically.

differences of each group. Both in the KP1 group and
KP2 group can significantly decrease the viability of
germinal epithelial cells in the CT (p<0.05).
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maintain viability of germinal epithelial cell in the
CT compared to KP1, KP2 and N2 group
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significantly (p<0.05). The administration of
Nifedipine at N2 group was better than KP2 group
and the results were statistically significant (p<0.053)
that viability of germinal epithelial cells in the CT
was higher in group given Nifedipine.

Based on data analysis, there was significant
difference of apoptosis of germinal epithelial cells in
the CT between groups with p value <0.05 (Table 2).
Based on this result, we continued to analyse by
using Post Hoc Mann-Whitney test to know the
differences of each group. Post hoc analysis showed
that both KPI group and KP2 group increase
apoptosis significantly (p<0.05).

Nifedipine administration in NI group
could significantly inhibit apoptosis compared with
KP2 group and N2 group (p<0.05). In this research, it
can be seen that the administration of Nifedipine in
N1 and N2 group was unlikely able to inhibit cell
apoptosis significantly compared with KP1 and KP2
group.

Based on the Post Hoc Mann-Whitney test it

can be seen that both KP1 group and KP2 group can
significantly increase cell necrosis (p<0.05). In this
study, it can be seen that KP2 group is the group that
has the highest necrosis rate (Table 3).

Nifedipine administration at NI group
inhibit necrosis compared with KP1 group, KP2
group and N2 group significantly (p<0.05). It can
also be seen that in N2 group showed less necrosis
and was statistically significant compared with KP2
group that did not receive Nifedipine (p<0.05).

Testosterone levels between groups in this
study were statistically different (p<0.05). In order to
know the differences between each group, Post Hoc
Mann-Whitney test was used to analysis (Table 4).

It can be noticed that both KP1 and KP2
group had lower PT levels than KN group
significantly (p<0.05). Similarly, a similar case
occurred when compared to N2 group with a KP2
group (p<0.05). However, when contrasted to N1
group with KP1 and N2 group, the results did not
significantly distinction (p=0.05).

Table 3. Comparison the amount of necrotic germinal epithelial cell in the CT on each group.

Group (n=6) Median (Min-Max) Normality Kruskal Wallis
test Test
KN 5.19(1.21 — 7.48) 0.09 0.00
KP1 9.61(8.82—10.19) 0.10
KP2 48.88 (16.40 —55.75) 0.02
NI 6.65(5.93 - 7.57) 0.79
N2 10.90 (8.67 — 13.80) 0.63
Necrosis
60- O KN
= KP1
40+ B8 KP2
53 & N1
= & N2
20+
0

KN KP1

KP2
Group

Figure 3. The median comparison of necrosis in each group. Asterix sign (*) represents there are significant

differences between group statistically.
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Table 4. Comparison of PT levels in each group.

_ . . Normality Kruskal Wallis
Group (n=6) Median (Min-Max) Test Test
KN 15.93 (11.33 - 21.93) 0.42 0.00
KP1 8.48(2.47-16.15) 0.06
KP2 8.38(5.22-13.24) 0.04
NI 10.53 (7.54 - 21.10) 0.78
N2 18.83 (10.05 - 21.07) 0.58
—_—
20 ) 0O KN
B KP1
15
KP2
53 N1
T =10 -
- = B N2
5
0 T . =
KN KP1 KP2 NI N2
Group

Figure 4. The median comparison of PT levels in each group. Asterix sign (*) represents there are significant

differences between group statistically.

DISCUSSION

Apoptosis of testicular germ cell is a natural
occurrence in normal spermatogenesis. This event
origins 25-75% in depletion of sperm production.™”’
ROS detoxification disorder and increased oxidative
stress simultaneously lead to increased apoptosis of
testicular germ cells. Chaki et al. (2003) proved that
more than 90% of germ cells experienced apoptosis
due to ischemia for 12 hours. This is in line with
increased lipid peroxidation, a gradual diminish in
SOD and activity of catalase enzyme in ischemic
testicle and increased glutathione-s-transferases
(GST) enzyme activity and H,0, levels.™

Changes in Ca™ mitochondrial deposition
(mCa™) and cellular Ca® are important in IRI
pathogenesis. Intracellular Ca' was increased as
well as the mCa®™ level increases through the mCa®
uniporter channels. Cell apoptosis can be developed
through permeability and pore-forming transitions
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which loads of excessive mCa' could initiate
irreversible events. Consequently, mCa® and
cellular Ca™ homeostasis are prominent strategies in
preventing IRI. Hence, many studies focus on the
role of CCB in the avoidance of IRI in multiple
organs.

Nifedipine is a calcium channel blocker
(CCB) class that is utilized as a vasodilator and is
reported to improve IRI in the heart. Giving of
Nifedipine also has the potential to have antioxidant
properties. This treatment reduces the capability of
monocytes to form superoxide anions from patients
who suffered systemic sclerosis by inhibiting the
activity of protein kinases. Administration of
Nifedipine prior to detection in the case of TT may
prevent cellular tissue damage caused by IRIL. The
experimental study was conducted by Mestrovic
et al (2014) in Sprague-Dawley rats treated with
unilateral TT of 720 degrees with duration of 3 hours
and Nifedipine administration 100 pg/kgBW
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intraperitoneally half an hour before detorsion.
Superoxide dismutase (SOD) and GPx activity
increased in ipsilateral testicle in the Nifedipine
treatment group. The levels of malondialdehyde
(MDA) and germ cell apoptosis in this group
compared with control group were also lower. "

Other CCB groups studied are useful for
preventing IRI due to TT namely Verapamil and
Amlodipine. Sarica et al (1999) concluded that the
Verapamil administration showed a protective effect
both in terms of tubular diameter and histology of
testes in the CT. Particularly, protective effect of
Verapamil is found to be more prominent after
orchidectomy of ipsilateral testicle. The greater part
ofthe specimens acquired from the CT demonstrated
normal tubular structures and histologic findings,
| week after ipsilateral testicular orchidectomy than
did testicular detorsion. Thus, Verapamil has a
protective effect on histology and tubular
characteristics of the CT, particularly after ipsilateral
testicular orchidectomy after a certain period of TT."
Amlodipine has a protective effect on testicular
tissue damage caused by IRI after TT. Evaluated
biochemically there is an increase in SOD and
glutathione (GSH) as well as diminished MDA.
According to histopathological findings, when
seminiferous tubule boundary damage is increased
in ischemic testicle, administration of both doses of
Amlodipine (5 and 10 mg/kg) significantly
decreases this deterioration. This is due to
Amlodipine can decrease the increase of mRNA
TGF-P expression and TNF-a.”

In this study duration of ipsilateral TT is
linked with an enhance in the amount of germinal
epithelial cells apoptosis in CT. Similar results have
been demonstrated by Sutkhonik et al (2005) that
degree of apoptosis of germ cell in the CT showed a
interrelationship with ischemic time. Increased
apoptosis of germ cells in the CT integrated with
ischemia-induced cell death in the testicle, may
cause adeterioration in germ cell and possible lead to
a loss of fertility significantly. This is because after
IR testicle, there is a histologic change in the CT.” In
this study, Nifedipine administration did not
significantly affect the prevention of further
apoptosis in germinal epithelial cells in the CT due to
ipsilateral TT. Different results were obtained when
treatment with diclofenac sodium diminished
apoptosis of germ cell both in the CT and ischemic
testicle but did not alter the histologic parameters of
both testicular spermatogenesis because of TRT.”

Necrosis occurs when cells are severely
damaged resulting in loss of membrane integrity,
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swelling, and cell rupture. During the necrosis
process, cell content released to surrounding area of
the cells that cause damage and stimulate a great
inflammatory response. The apoptosis and necrosis
can be simultaneous, depending on the availability
of ATP in the cell. Reactive Oxygen Species (ROS)
can cause cell death through the activation of caspase
3-like proteases. Low levels of ROS can stimulate
cell death by apoptosis, whereas its high levels
stimulate necrosis.” Between necrosis and serum
prostaglandin E2 levels there is a positive correlation
after the TT. This is to consider the possibility of
immunological process that cause damage to CT.* In
this study Nifedipine was able to prevent necrosis
and maintain significant germ cell epithelial viability
in the CT due to ipsilateral testicular ischemia for 4
hour and 10 hour. This is in accordance with a study
by Mestrovic (2014) that Nifedipine may inhibit
further ROS formation due to TT so that in this study
thereis a decrease in the amount ofnecrosis in the CT
and viability of the cell can be maintained.

In this study, PT levels decreased
significantly after the torsion for 4 hours and 10
hours compared with the negative control.
According to Becker and Turner (1995) that there is a
decline in testosterone levels of more than 80% of
the normal value in ipsilateral testicle due to
unilateral TT for 1 hour and 4 hours.™ Also, there is
decrease testosterone levels in the CT but
statistically not significant compared with negative
control.

There is an ultrastructural change in the CT
due to ipsilateral TT. Leydig cells are the last cell
populations affected by testicular ischemia. The
proprietary tunica fibers enclosing the seminiferous
tubules are thickened due to the increase in collagen
fibers. The space between the germ cells and basal
lamina is widen by collagen fibers. Mitochondrial
degeneration with the loss of crystals was showed in
the Leydig cells. This cells lose contact with their
environmental cells in several areas, and collagen
fibers fulfilled these arca. Germ cells of testes
indicate the internal dilatation of the fine
endoplasmic reticulum and electron-dense bodies of
cytoplasm. According to Savas et al (2002), these
events may be caused by a decrease in blood flow in
the CT which caused by neurovascular reflexes due
to unilateral post-testicular ischemia affecting these
ultrastructural changes.” However, Leydig cells are
still capable of producing testosterone because it is
still sensitive to excitatory Luteinizing Hormones
(LH).™ In this study Nifedipine was able to prevent
the decrease of testosterone in the 10-hour TT group.
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This is probably because Nifedipine has a
vasodilator and antioxidant effect that can prevent
the dysfunction of Leydig cells so thatthe production
of testosterone is not disturbed. Further study were
needed to assess the levels of Follicle Stimulating
Hormone (FSH) and LH related to PT levels after
unilateral TT in male white rats.

Based on this research, we required a
variable dose of Nifedipine to assess the optimal
dose of treatment. The effect of Nifedipine on NO
and ROS levels can be estimated by measuring
MDA, SOD and GPx in contralateral testes in the
further research.

CONCLUSION

We deduced that unilateral TT induces an
increase in germinal epithelial cells apoptosis and
necrosis in the CT. In this experimental study,
administration of Nifedipine before testicular
detorsion able to maintain viability and inhibit
necrosis of germinal epithelial cells in the CT
following testicular IRI. Furthermore, reduction of
plasma testosteron levels because of it can be
inhibited by Nifedipine administration. The
treatment of Nifedipine may be advantageous in
preventing fertility disorder after IRI because of TT.
Absolutely it needs more investigation to support
this evidence.
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