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Purpose: To investigate the long-term effect of testicular torsion on
sperm parameters and testis structure in order to introduce a novel mice

azoospermic model for spermatogonial stem cell transplantation.

Materials and Methods: Unilateral testicular torsion was created. The
animals were divided into two groups each containing 15 mice. They un-
derwent 2 and 4 hours of unilateral testicular ischemia, respectively. All
animals in this experiment were aged matched. The experimental (z = 5)
groups were studied 2, 4 and 10 weeks after testicular ischemia reperfu-
sion. Moreover, the left testes and epididymis were removed for sperm
analysis and for weight and histopathological evaluation. Finally isolated
spermatogonial stem cells were transplanted in the testes that underwent

2 hours of ischemia reperfusion, two weeks post-surgery.

Results: All the investigated parameters demonstrated a sharp decline
at 2, 4 and 10 weeks after testicular torsion, whereas 2-hour ischemia
was found to be less injurious in testicular tissue structure. Two months
after xenotransplantation, the transplanted cells were localized in the

basal of the seminiferous tubules of the recipient ischemic testes.

Conclusion: Torsion can cause permanent azoospermia in mouse.
Also Testicular torsion 2 weeks after the 2 hours ischemia reperfusion
may prove useful for recipient preparation for SSCs transplantation in

mouse.

Keywords: adult stem cells; transplantation; animals; fertility preser-

vation; mice; testis; spermatogonia; reperfusion injury; blood supply.
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INTRODUCTION

permatogonial stem cells (SSCs) transplantation is prov-

en to be an efficient technique for studying Sertoli cells

and germ cells interactions via the model preparation.
This promising technology can also provide transgenic animals.
(M In addition, SSC transplantation has been widely used to in-
vestigate the spermatogenesis recovery in various species. >
The first critical step in successful transplantation is preparation
of the recipient testes.®) Hence, depletion of internal germ cells
with minimal damage to the local spermatogenic microenviron-
ment and stem cell niches are requisite.”’ On the other hand,
the SSCs fate is controlled by factors associated with stem cell
niche, which reside near the basement membrane of seminifer-
ous tubules in the vicinity of Sertoli cells. However, an assess-
ment of stem cell niche alterations remains difficult in order to
evaluate the present SSCs recipient model, so the only way in
which stem cell activity and microenvironment can be deter-
mined is via a transplantation assay.® Different methods have
been suggested to deplete testicular germ cells from immature
and adult animals®” including treatment with cytotoxic agents.
These may consist of busulfan® or radiation®, induction of
cryptorchidism'?, hyper- or hypothermia! and vitamin A de-
ficiency.'? Most of these approaches can effectively deplete the
majority of SSC, however damaging side effects and prolonged
duration of treatment are the main disadvantages of these meth-
ods."® Testicular torsion is a urological emergency disorder in
which one testicle gets twisted in the scrotum, subsequently cut-
ting off its blood supply. An affected testicle tends toward is-
chemia and reproductive system dysfunction.!¥ Although the
germ cell apoptosis was reported following testicular torsion,
long term histopathologic changes of the testes following the
torsion have not been studied yet.!>
Long-term investigation of testicular torsion effects on sperm
parameters and testis structure and also assessment of stem cell
niche alterations were the main aims of the present study. It is
believed that the present model is a proper tool in SSC trans-
plantation for treating testicular torsion complications and for
performing further medical researches on infertility and sper-

matogenesis.

MATERIALS AND METHODS
Animal Preparation and Spermatic Cord Torsion
A total of 70 male NMRI mice at 6-8 weeks of age were pur-

chased from Razi Vaccine and Serum Research Institute (Karaj,

Iran). Animals were divided into two groups each containing
15 mice. In the first and second groups, animals underwent two
and four hours of unilateral testicular ischemia (via a 720° tor-
sion in a counterclockwise direction, fixed to the scrotum with
a 6-0 nylon suture passing through the tunica albuginea and
dartos,'® respectively. After proper time of ischemia, the su-
ture was removed and the left testis was untwisted and replaced
in the scrotum and the incision was closed. Control (n = 15)
and sham (7 = 15) animals were matched to the ages of the ex-
perimental groups. Sham surgeries involved a midline scrotal
incision and physical manipulation of the testis before placing
it back into the scrotum. The mice (n = 5) were sacrificed by
cervical dislocation 2, 4 and 10 weeks after testicular ischemia
reperfusion. The left testes and epididymis were removed for
sperm analysis and for weight and histopathological evalua-
tion. The mice were fed with standard commercial laboratory
chow [(pellet form), Javeneh Khorasan Co., Mashhad, Iran],
water and housed under standard laboratory conditions (12 h
light: 12 h dark at 22 + 2°C) during the experimental period.
All animal experiments were aged matched and approved by
the Animal Ethics Committee at Tehran University of Medical
Sciences. All operations were performed under sterile condi-
tion with the subject under 100 mg/kg of ketamine hydrochlo-
ride (Rotexmedica, Trittau, Germany) and 10 mg/kg xylazine
(Alfasan, Holland) anesthesia (single intraperitoneally).
Histopathologic Evaluation

The testes of mice were removed, weighed and fixed in a
Bouin’s mixture, embedded in paraffin, sectioned at 5 um
thicknesses and finally stained with hematoxylin and eosin
(H&E). One hundred seminiferous tubules that were round
or nearly round for each testis were assessed randomly. The
mean seminiferous tubule diameter and epithelium height was
measured in each testes using Image J (Version 1.240; Nation-
al Institutes of Health, USA). The seminiferous tubules were
graded according to the Johnsen score system in which semi-
niferous tubules in each section are evaluated systematically
and each is given a score.!”

Sperm Quality Parameters

Left cauda epididymis and vas deferens were isolated and
placed in 1 mL of phosphate buffered saline (PBS) (pH =7.4),
prior to be minced using sharp scissors. The spermatozoa were
allowed to swim out for 15 min in an atmosphere of 5% CO2
at 37°C, for the purpose of sperm quality and motility analyzed
under light microscope (Olympus, type CH2, 400 x magni
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Figure 1. Figure 1. Comparison of seminiferous tubule deteriora-
tion in different groups of our study following torsion. Normal
seminiferous tubules are seen in control (A), sham (B) and treated
groups during long time. Effects of 2-hour ischemia after 2 weeks
(C), 4 weeks (D) and 10 weeks (E), also injurious and irreversible
effects of a 4-hour testicular torsion was observed at 2 weeks (F), 4
weeks (G) and 10 weeks (H) post-surgery (Bar = 200 um).

fications) The sperm suspensions were counted using Neu-
bauer counting chamber (Thoma, assistant Sondheim/Rhon,
Germany) for determination of sperm concentration and ex-
pressed as x106/mL. Eosin B (0.5% in saline) was used to de-
termine the percentage of viable sperm (sperm with red head
was counted as dead sperm).

SSCs Isolation and Culture

Bilateral testes from ten neonate 3-6-day-old NMRI mice
were gathered for SSC isolation. Testis cells were obtained
by two-step enzymatic digestion and used for culture utiliz-
ing the method previously described with some modifications.
(%) In brief, minced testis pieces were suspended in DMEM
containing collagenase and trypsin 1 mg/mL each (both from
Gibco, Paisley, Scotland, UK), as well as hyaluronidase type
I 1 mg/mL (Sigma) and incubated at 37°C for 15 min with
shaking and a little pipetting. After removal of interstitial cells
by 3 washes in dulbecco's modified eagle's medium (DMEM),
seminiferous cord fragments were incubated in DMEM af-
ter adding fresh enzymes for 30-45 min as described above.
Cells were separated from the remaining tubule fragments by
centrifugation at 300g (1200 rpm) for 5 min. After filtration
through sterile mesh (41-pm opening, 5-6 cm?), the cells were
pelleted and subjected to differential plating to eliminate the

somatic cells (myoid and Sertoli cells).'>??) The obtained cells

Figure 2. Cell labeling of spermatogonial stem cell and trans-
plantation. (A) cluster of spermatogonial stem cells, (B) labeled
cell with Dil, (C) the transplanted spermatogonial cells, (D) colo-
nization and proliferation of labeled injected cells, (E) unstained
seminiferous tubule, and (F) section of testis 10 weeks after
testicular torsion under ultraviolet light without any obvious
signals (Bar = 50 um).

were cultured at 37°C and 5% CO2, in a humidified atmos-
phere in the presence of 2.5% fetal bovine serum (FBS) and
glial cell line-derived neurotrophic factor (GDNF) 10 ng/mL
for two weeks.

Transplantation Procedure and Assay

The spermatogonial-cell-derived colonies were labeled with
Dil (Invitrogen, Carlsbad, CA, USA) based on manufacturer’s
protocol and transplanted into the seminiferous tubules of the
recipient mice that had undergone two hours of left testicular
ischemia 2 weeks after reperfusion via rete testis. The recipient
mice (n = 10) were anesthetized as described. Approximately,
105 cultured SSCs in 10 pL. DMEM were then injected into
the seminiferous tubules in affected testis of each recipient
mouse. Transplantation was performed by retrograde injec-
tion through the efferent ducts,®? with some modifications.
Seminiferous tubules were tracked and visualized by adding
trypan blue in the germ cell injection media. The existence and
proliferation of injected cells were evaluated 10 weeks post
transplantation under fluorescent microscope (Olympus, type
CH2, 400 x magnification).

Statistical Analysis

Variables were presented as means (+SD) and the normal dis-
tribution of data was evaluated and then confirmed by Kol-

mogorov—Smirnov test. To assess the effect of interventions,
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Table 1. Spermatogenesis evaluation during different time after surgery by assessment of Johnsen score, mean epididymis sperm count, percentage

of sperm motility, percentage of viable sperm.*

Johnsen score

Sperm count
(Mean+SD) x106

Sperm motility
(%)

Sperm viability
(%)

Groups
Control
Sham
Torsion 2 hours

Torsion 4 hours

Control
Sham
Torsion 2 hours

Torsion 4 hours

Control
Sham
Torsion 2 hours
Torsion 4 hours

Control
Sham
Torsion 2 hours
Torsion 4 hours

Duration
2 Weeks 4 Weeks 10 Weeks
9.34+0.46 9.36 + 047 9.08+0.51
9.20 £0.87 9.10 £ 0.55 9.24 £0.61
2.60+0.122 1.52+0.63*¢ 246 £0.82°
1.36+0.29*° 1.20+£0.12° 0.00 +0.00>P < d
6.12+0.92 6.30 £ 0.84 5.96 £0.79
5.98 £0.94 6.48 +£1.39 6.00 £0.91
0.19+£0.16* 0.00+0.00° 0.01£0.012
0.01 £0.012 0.00 £0.00° 0.00 £ 0.00*
60.60 + 7.44 61.00 +6.36 60.00 +7.11
61.20 + 14.08 63.00+ 12.0 60.60 + 13.43
1.80+1.922 0.00 +0.00° 0.60 + 0.89°
0.00+0.00° 0.00 + 0.00° 0.00 + 0.00°
67.00+7.21 65.00+7.18 65.20 + 7.05
7140+ 7.40 70.20+7.12 72.00+4.12
3.00£2.122 0.0 £ 0.00° 1.80 £2.49*
0.60+0.89? 0.00 £ 0.0° 0.00 £0.0*

“The results of five separate experiments were used for all groups. The values are the mean + SD at different times.

2Significant difference versus control and sham in the same column (P < .05).

b Significant difference versus torsion 2 hours in the same column (P < .05, Based on Tukey post hoc test).

< Significant difference versus 2 weeks in the same row (P < .05).

d Significant difference versus 4 weeks in the same row (P < .05, Based on Sidak post hoc test).

time and possible interaction of these effects, mixed model
analysis was applied by choosing diagonal covariance struc-
ture based on minimum Akaike Information criterion (AIC).
For post hoc tests two series of analyses were performed. To
investigate the effect of intervention and comparing groups in
various time points before and after intervention, analysis of
variance (ANOVA) and covariance (ANCOVA) were used, re-
spectively. In post-intervention group, an adjustment for base-
line measurements followed by Sidak post hoc test in most
cases was performed (the false positive rate was controlled
and remained on 0.05 level). To compare time points in each
group, mixed model analysis was used by choosing diagonal
covariance structure followed by Sidak post hoc test in signifi-
cant cases. All analyses were performed using statistical pack-
age for the social science (SPSS Inc, Chicago, Illinois, USA)

version 18.0 at a .05 significance level.

RESULTS

Sperm Analysis Following Testicular Torsion

Based on the sperm analysis parameters in sham and control
animals no considerable discrepancy was identified through-
out 10 weeks of evaluations. However, a significant reduction
in epididymal sperm count was perceived 2 weeks following
testicular ischemia reperfusion and vanished 4 weeks after
treatment compared to sham and control groups (P =.001 and
P =015, respectively). Whereas no significant difference was
observed for 2 and 4 hours treated animals. Also different val-
ues obtained during 2, 4 and 10 weeks of our assessment were
not significant (Table 1).

There is a significant decline in sperm motility 2 and 4 hours
after testicular torsion, and two weeks post-surgery (P = .001
and P =.009, respectively). However, no significant difference
was found between experiment mice including 2, 4 and 10
weeks post-surgery as well as 2 and 4 hours of ischemia (Ta-
ble 1). Furthermore, sperm viability reduction was observed in
both groups that underwent 2 and 4 hours of ischemia, 2, 4 and
10 weeks after surgery (P = .001, P = .05, P = .033, respec-

tively). Neither there was any significant difference of
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Table 2. Histopathologic evaluation of testicular tissue by weight, seminiferous tubule diameter and seminiferous epithelium diameter.*

Testicular
weight (gr)

Seminiferous
tubule

Seminiferous
epithelium

Groups
Control
Sham
Torsion 2 hours

Torsion 4 hours

Control
Sham
Torsion 2 hours

Torsion 4 hours

Control
Sham
Torsion 2 hours
Torsion 4 hours

2 Weeks 4 Weeks 10 Weeks

0.134+0.011 0.130+0.019 0.124 +0.011

0.123 £ 0.008 0.118 £0.013 0.119+0.009
0.078 £ 0.0072 0.064 +0.0122 0.068 £ 0.0152
0.073 £0.0122 0.063 +0.0132 0.066 + 0.024°
200.00 £ 5.34 198.60 £4.13 201.18 £4.12
199.28 + 4.01 198.48 + 2.55 198.82+1.17
143.24+9.17° 148.00 +16.44° 136.46 + 8.87°

126.92 +5.66*°

126.40 +3.392°

109.76 +3.162b<

58.84 £12.19 63.34 +11.51 62.22+11.28
48.06 +8.03 47.82+9.86 50.56 +£7.40

18.94 +1.07° 10.04 £1.382¢ 16.52+6.77°
5.10 +£3.28*° 6.28 +1.62* 2.62+1.1220d

"The results of five separate experiments were used for all groups. The values are the mean + SD at different times.

@ Significant difference versus control and sham in the same column (P < .05).

b Significant difference versus torsion 2 hours in the same column (P < .05, Based on Tukey post hoc test).

< Significant difference versus 2 weeks in the same row (P < .05).

4 Significant difference versus 4 weeks in the same row (P < .05, Based on Sidak post hoc test).

the ischemia duration effect on the sperm viability (Table 1).
Histopathological Observations

Figure 1 illustrates testes sections from animals used in this
study (Control, Sham and experimental groups) under a light
microscopy. Testis sections of Control and sham animals
showed a normal seminiferous tubule contour and morphol-
ogy (Figures 1 A and B). The epithelium of all seminiferous tu-
bules in the treated groups was severely disrupted and most of
tubules depleted 2 weeks post operation. In some tubules only
the basement membrane was observed. However the 4 hours
testicular ischemia showed a more serious and irreversible ef-
fect and the sclerotic seminiferous tubules were observed 10
weeks after the 4 hours ischemia and reperfusion (Figure 1).
Despite the reversible effects of 2-hour ischemia on testicular
tissue, damaging effects and persistent spermatogenesis arrest
was observed up to 10 weeks post operation based on histo-
pathological observation.

Assessment of Morphological Changes

Reduction in left testis weight was remarkable compared to that
of sham and control groups (P <.05) 2 weeks after reperfusion
of testicular torsion; however, testicular weight value was not
correlated with the duration of ischemia (Table 2). As shown in
Table 2, the tubule diameter was lesser significantly in 4-hour
than 2-hour ischemia during 2, 4 and 10 weeks after surgery (P

=.001). However in 4-hour-ischemia group, tubule diameter
reached its minimum after 10 weeks (Table 2). Similar results
were also obtained for thickness of the seminiferous germinal
epithelium, with this exception that the significant reduction in
epithelial thickness was observed in 2-hour group, two weeks
after ischemia. Furthermore a non-significant increase in thick-
ness of seminiferous epithelium and regeneration of seminif-
erous epithelium was observed for 2 hours group, 10 weeks
following ischemia (Table 2).

Johnsen Score Assessment

Following torsion, the mean Johnsen score was dramatically
declined at different time intervals during the study in com-
parison to sham and control groups (P = .005). Seminiferous
tubule score for 4-hour testicular ischemia was significantly
lower than that of 2-hour ischemia, two weeks following oper-
ation and it reached a score of zero, 10 weeks after ischemia (P
=.001). Based on Johnsen scoring, most seminiferous tubules
were depleted 2 weeks following ischemia and it persists for
10 weeks after ischemia-reperfusion (Tablel).
Spermatogonial Stem Cell Culture and Transplantation

The clusters appeared in 2-3 days after primary culture. When
these clusters were enzymatically dispersed and re-plated,
their SSC contents could start new clusters during 2 weeks

of culture (Figure 2). Cell labeling with Dil was performed

1652 | Sexual Dysfunction And Infertility



Testicular Torsion as Candidate Model for SSCS Transplantation | Azizollahi et al

before transplantation. Two months after transplantation, flo-
rescent labeled spermatogonial stem cell considered as trans-
planted cells. The labeled cells were localized in the basal
compartment of seminiferous tubules of the recipient testes.
Two months after stem cell transplantation, colonization and

proliferation of transplanted cells were found (Figure 2).

DISCUSSION

The results from this study showed that testicular torsion have
extensive changes in mouse testis structure and epididymal
sperms parameters upon 2 and 4 testicular ischemia reperfu-
sions and the effects were irreversible up to 10 weeks. Prepara-
tion of SSCs transplantation in mouse case of testicular torsion
2 weeks after 2 hours ischemia reperfusion may also prove
useful and applicable.

For preparation of the recipient testes in a successful trans-
plantation, maximal depletion of endogenous germ cells with
minimal defect to the local spermatogenic niche and micro-
environment, are required.??) Busulfan has been used to pre-
pare transplantation recipients in a divers species, including
mouse,?> rat,?» monkey,® and pig.?® In other species,
busulfan treated animal has not been well prepared for SSC
transplantation. In rats, offspring have been obtained via germ
cell transplantation in busulfan-treated recipients.?”-*® How-
ever, the efficiency of transplantation is poor due to dramatic
disturb of the testicular SSC niche by busulfan. Testicular
niche disturbance prevents transplanted SSCs differentiation
and proliferation.®” Busulfan administration can produce sys-
temic toxicity and even lethality due to severe bone marrow
depression.®® The side effects of busulfan treatment limit the
efficiency of SSC transplantation. Radiation is another method
for recipient preparation, but the calcification of seminiferous
tubules induced by irradiation, and this can impair the migra-
tion of transplanted cells.”) A less harmful and more effective
recipient model for SSC transplantation is desirable.
Testicular ischemia is the main consequence of testicular tor-
sion, from both clinical and experimental points of view.?
Since a severe disruption of seminiferous epithelium is ob-
served during testes reperfusion just after torsion, the injury
must occur either during the ischemia or upon reperfusion.
Our data showed a remarkable decrease in epididymal sperm
concentration following 2 and, 4 hours ischemia two weeks
after surgery and reached zero 4 weeks post-intervention.

Discrepancies in sperm count at 2nd, 4™ and 10" week of our

evaluation were non-significant. On the other hand, ipsilateral
azoospermia occurred in epididymis of affected testis 2 weeks
following reperfusion and persisted up to 10 weeks. Some long
term studies have already been published on evaluating the
absence of sperm in seminiferous tubule in histopathological
observations following testicular torsion.®!*? However, this
study is the first to assess and evaluate sperm concentration
following spermatic cord torsion, so far. Data revealed an in-
tensive decline in Sperm motility and viability due to testicular
torsion 2 weeks after ischemia and remained the same until the
10" week. Deterioration of testes structure does not seem to
be the main cause of sperm parameters in testicular torsion 2
weeks post-surgery. The main stimulant components in patho-
physiology of testicular torsion involve the generation of reac-
tive oxygen species (ROS) after restoration of blood following
the ischemia.®® It has been demonstrated that ROS increased
in the areas of ischemia and reperfusion, and is responsible for
ischemia-reperfusion injury that has received little attention in
the testis.®**3> Spermatozoa are highly sensitive to oxidative
stress, particularly to lipid peroxidation due to their high con-
tent of polyunsaturated fatty acids in the plasma membrane. A
damaging role of ROS on ejaculated sperm was also clarified
by a large number of studies.®*® Therefore, based on these re-
sults, the main cause of the poor sperm quality could be an in-
creased ROS production. As mentioned, the implication of tes-
ticular torsion on epididymal sperm parameters has not already
been identified. In general to be fertile, approximately 50% of
the seminiferous tubules of a mouse must contain complete
spermatogenesis.®”) Histopathological observations indicated
that all the treated groups in this study are considered infertile,
but after 4 hours of testicular torsion, a serious and irreversible
injury was perceived. Histopathological reports of the previous
studies were in agreement with our results.®'*? Thus, it is not
reasonable to assume a correlation for the SSC transplantation
with sclerotic changes after 4 hours of testicular torsion due
to disruption of seminiferous tubular structure deviation in the
SSC niche and severe tubular ectasia.

Depletion of seminiferous tubules was shown by the testicu-
lar weight loss following testicular torsion. Moreover, simi-
lar results were perceived in other studies investigating the
experimental torsion in the sham and control groups of ani-
mals. These studies demonstrated no effect on ipsilateral testis
weight at several time points after torsion repair. Whereas, in-

creasing the time of torsion to 1, 2, and 4 hours, caused a pro

(IO Vol.11 | No.03 | May-June2014 |1653



gressive loss in testis weight, after 30 days from torsion repair
and leaded to an almost total loss of spermatogenesis at both
the 30™ and 60 day.(03®

Seminiferous tubular diameter indicates the function of testis
in spermatogenesis,®® thus in our study significant reduction
in spermatogenesis was detected following testicular ischemia.
However, the amount of reduction depends on the duration of
ischemia.) Although spermatogenesis defects by measuring
seminiferous tubules epithelium and testicular tissue destruc-
tion following torsion was reported by several studies, the lack
of accurate data on tissue structure is one of the drawbacks of
these reports. 313238

The Johnsen score describes a new and rapid method for reg-
istration of spermatogenesis in testes. Pathognomonic score
counts that lead to immediate diagnosis at a glance, were
obtained in many instances. An obvious correlation has been
found between sperm count and testicular biopsy scoring for
the first time to correlate endocrine conditions with the func-
tional state of the testicular tissue.!”

The result of Johnsen score estimation was consistent with the
other findings of our study. Intensive, irreversible injury was
observed in damaged testis by 4-hour (but not by 2-hour) tes-
ticular ischemia. In addition, azoospermic mice were invented
2-week post 2-hour testicular torsion, so SCC was transplanted
2-week after the 2-hour testicular ischemia.

There are several applications for spermatogonial stem cell
transplantation beyond basic researches.“! Obtaining and
storage of spermatogonial stem cells in special occasions in-
cluding cancer treatment that may lead to infertility is benefi-
cial. So providing cells from affected individuals for restor-
ing fertility could be transplanted back into the patient, or at
emergency situations that unilateral orchiectomy is indicated, a
testicular biopsy would provide the spermatogonial stem cells
for cryopreservation, storage, and transplantation.“!#?)
Standpoint of basic research, due to no specific biochemical or
morphological markers for spermatogonial stem cells has not
yet been determined. Therefore, the only assay for the pres-
ence of spermatogonial stem cells in a cell suspension is the
spermatogonial stem cell transplantation technique.®” SSC
transplantation has been examined in various azoospermic

animal models.®*+374)

CONCLUSION

In conclusion, the present study explains detailed information

on the effects of testicular torsion on the testicular and epididy-
mal parameters. Torsion can cause permanent azoospermia
in mouse which is irreversible until 10 weeks. Also Testicu-
lar torsion might be useful in recipient preparation for SSCs
transplantation in mouse, which might in turn lead to a novel
treatment for infertility and other consequences of testicular

torsion, clinically.
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