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Background: After surgical correction of testicular torsion, up to 68% of ipsilateral testes
undergo atrophy due to ischemia-reperfusion injury (IRI). Recent studies have shown that
dexmedetomidine (Dex) alleviates IRI in various vital organs. However, those studies
evaluated its protective effect on short-term reperfusion.

Purpose: We aimed to investigate whether Dex has a long-term protective effect against
testicular injury after IRL

Materials and Methods: A total of 24 New Zealand white rabbits were randomly divided
into three groups (n = 8/group): the control group (saline-infused rabbits without IRI), the
IRI group (saline-injected rabbits with IRI), and the Dex group (Dex-injected rabbits with
IRI). The spermatic cord of rabbits in IRI and Dex groups was ligated for 4 h, and 1 h before
reperfusion, Dex was administered intraperitoneally at a dose of 50 pg/kg body weight in
group Dex, whereas saline was administered at the same dose to the IRI and control groups.
Rabbits were kept alive for 4 weeks post reperfusion, then the testes were harvested, and the
rabbits were euthanized.

Results: Four weeks post reperfusion, testicular volumes of the affected side decreased
considerably in the IRI and Dex groups compared to the control group, with no significant
difference between the IRI and Dex groups. Compared to the control group, the Johnson
score and the mean seminiferous tubular diameters were significantly decreased in the IRI
and Dex groups, but no significant differences were observed after administration of Dex.
There were no significant differences in malondialdehyde and superoxide dismutase levels
between the groups treated with and without Dex.

Conclusion: Dex administration 3 h after ischemia and 1 h before reperfusion did not
demonstrate a significant protective effect against testicular injury 4 weeks after IRI in
rabbits. Further research is needed to confirm the potential therapeutic effects of Dex by
varying the experimental conditions.
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Introduction

Testicular torsion is an urologic emergency occurring frequently in adolescents and
young men, requiring timely intervention. However, despite prompt diagnosis and
surgical treatment, up to 68% of affected testes undergo atrophy,' which may lead
to male subfertility and even infertility. The testicular volume has a significant
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correlation with spermatogenesis, and it is a reliable indi-
cator of testicular function.? Sperm count and motility
decrease in patients with testicular atrophy, and the reten-
tion of a nonviable or severely damaged testis is harmful
to the contralateral testis.' Therefore, any medication or
method that could prevent this testicular atrophy is of
significant benefit to patients.

Testicular torsion/detorsion has a pathophysiological
course of ischemia-reperfusion injury (IRI). Ischemic
testes recovery requires re-establishment of blood flow;
however, the resumption of blood flow can further aggra-
vate any testicular injury. IRI is a complex pathophysiolo-
gical process, involving excessive generation of reactive
oxygen species (ROS).> An excessive production of ROS
results in DNA damage, endothelial injury, and oxidative
stress, and it also could initiate the intrinsic apoptosis
pathway in testicular tissue cells, leading to the apoptosis
of germinal cells.* Numerous efforts have been made to
discover novel and effective chemicals or drugs that can
treat IRL>"’

Dexmedetomidine (Dex), a potent selective ;-
adrenoceptor agonist, is mainly used for sedation and as
an analgesic in post-anesthesia care unit and intensive care
units, respectively.® Accumulating evidence has shown
that Dex has a potential protective effect in various vital
organs after IRI,” ' probably by inhibiting inflammation
through inactivation of the toll-like receptor 4 (TLR4)/

nuclear factor kappa B (NF-kB) pathway,11

suppressing
neuronal autophagy through up-regulation of the hypoxia-
inducible factor (HIF)-1a,'? and inhibiting the high mobi-
lity group protein Bl Group (HMGBI1)/TLR 4/NF-kB
pathway.'> However, most research focuses on the protec-
ischemia and

tive effect of Dex post short-term

reperfusion,'*'*!?

and research on the long-term effects
of Dex on organs after IRI is limited. Therefore, we
performed this experimental study to investigate whether
Dex has a long-term protective effect against testicular
injury at 4 weeks after IRl in order to maximize the

preservation of testicular function.

Materials and Methods

Animals and Surgical Procedures

Twenty-four male New Zealand white rabbits, weighing of
2.5-3.2 kg, were purchased from the Laboratory Animal
Center of the First Medical Center of Chinese PLA
General Hospital (Experimental Animal License: SCXK
(Beijing) 2015-0005). This study was approved by the

Institutional Animal Care and Use Committee of the
Chinese PLA General Hospital (2019-X15-53), and it was
carried out in accordance with the Code of Practice for the
Housing and Care of Animals Used in Scientific Procedures.
All rabbits were acclimated for 7 days in temperature- and
humidity-controlled cages with free access to food and
water. They were made to fast for at least 8 hours before
the experiment while retaining their free access to water.

All rabbits were anesthetized with 10% chloral hydrate
(2-2.5 mL/kg body weight) through a catheter inserted
into the marginal ear vein, and then the perineal fur was
shaved. Under sterile conditions, a longitudinal incision
was made about 2 cm above the upper pole of the right
testis, and the spermatic layers were dissected in turn till
the internal spermatic fascia. The right spermatic cord was
then ligated with 3/0 sutures. Then, the incision was
sutured. If the blood flow was absent in the testis on
color Doppler ultrasonography after ligation, it indicated
that the model was successfully established. The ligation
was released after 4 h, and the incision was re-sutured.

Four weeks after reperfusion, the testicular tissues were
harvested, washed, and divided into two parts. One part
was fixed in 10% neutral formalin for histological analy-
sis, whereas the other part was stored at —80°C to deter-
mine the markers of oxidative stress and antioxidant
status. After the testes were harvested, the rabbits were
euthanized with an overdose of anesthesia.

Grouping and Drug Treatment
All the rabbits were randomly divided into three groups (n
= 8/group).

1. Control group (group C): The rabbits were sub-
jected to the inguinal incision and isolation of the
spermatic cord without any ligation. Saline was
injected intraperitoneally at a dose of 50 pg/kg
body weight 3 h after inguinal incision.

2. IRI group: The rabbits were subjected to spermatic
cord ligation and released as described above, and
saline was injected intraperitoneally at a dose of 50
pg/kg body weight 1 h before releasing the sper-
matic cord ligation.

3. Dex group: The rabbits were subjected to spermatic
cord ligation and administered Dex (Cisen

Pharmaceutical Co., Ltd., Jining, China) intraperi-

toneally. Based on a previous study,'® Dex was

administered at a dose of 50 pg/kg body weight

1 hour before releasing the spermatic cord ligation.
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Ultrasonography

Ultrasonography was performed using Mindray Resona 7
scanners (Mindray, Shenzhen, China) with a 5.6-10 MHz
linear array transducer. The depth, gain, and scale were
kept identical during the entire experiment.
Ultrasonography was carried out to measure the testicular
size before ligation, after releasing the ligations, and 4
weeks after testicular reperfusion. Both the testes were
measured for their volume calculation using the ellipsoid

formula: length x width x thickness x 0.524."7

Markers of Oxidative Stress and

Antioxidant Status

Approximately 100 mg of ground testicular tissues in each
group were homogenized in 0.9 mL of cold normal saline
after cutting the tissues into small pieces with scissors. The
homogenate was then centrifuged at 3000 rpm for 30 min.
The supernatant was used to measure malondialdehyde
(MDA, a marker of oxidative stress) and superoxide dis-
mutase (SOD, a marker of antioxidant status). They were
analyzed with MDA and SOD assay kits according to the
manufacturer’s instructions (Nanjing  Jiancheng
Bioengineering Institute, Nanjing, China). The absorbance
was measured at 532 nm for MDA and 550 nm for SOD
using a microplate reader (Thermo Fisher Scientific,

Massachusetts, USA).

Histological Evaluation

All testicular specimens were fixed in 10% neutral forma-
lin for 24 hours at 4°C, and then embedded in paraffin
wax. 3-um-thickness sections were cut and stained with
hematoxylin and eosin. The slides were analyzed by
pathologists who were blinded to the experiment design,
and scored from 1 to 10 according to the Johnson scoring
system.'® In this system, seminiferous tubules with com-
plete spermatogenesis and regular tubular architecture are
given a score of 10, whereas seminiferous tubules without
any spermatogenesis and germ cells are given a score of 1.
The mean seminiferous tubular diameter (MSTD) was
measured in microns using a microscope-adaptable micro-
meter (Olympus, Tokyo, Japan). At least 10 seminiferous
tubules of each section were scored and measured.

Statistical Analyses

All data were analyzed using IBM SPSS Statistics Base
software for Windows version 21.0 (IBM Corp., Armonk).
The distribution of the variables was analyzed using the

Shapiro—Wilk test, and the Levene test was used to assess
the homogeneity of variances. Continuous data are
expressed as mean + standard deviation. The paired ¢ test
was used to compare the testicular volumes between the
ipsilateral and contralateral sides, and one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test was
used to compare the differences in the testicular volume,
Johnson scores and MSTDs among the experimental
groups. A two-tailed P-value less than 0.05 was consid-
ered statistically significant.

Results

During the experimental period, two rabbits died (1 in the
IRI group and 1 in the Dex group). At the end of the
4-week follow-up, the number of rabbits in the control, IRI
and Dex groups was 8, 7, and 7, respectively.

Comparison of Testicular Volume
Changes in the Different Groups

Before spermatic cord ligation, there were no significant
differences in the testicular volumes between each side
and among the different groups (P > 0.05, Tables 1 and
2, Figure 1). Compared to the contralateral testis, the mean
volume of the ipsilateral testis in the IRI group increased
significantly just after releasing the spermatic cord liga-
tion, but no significant differences were noted in the Dex
group (Table 1). There were no marked differences in the
mean volumes of the ipsilateral testes among the three
groups (P > 0.05, Table 2, Figure 1A) just after releasing
the spermatic cord ligations. Four weeks after reperfusion,
testicular volumes of the ipsilateral side in the IRI and Dex
groups were considerably lesser than those of the contral-
ateral sides (P < 0.05, Table 1), but there was no signifi-
cant difference between the IRI and Dex groups
themselves. (P = 0.937, Table 2, Figure 1A). A total of
six ipsilateral testes developed atrophy (3 in the IRI group
and 3 in the Dex group) 4 weeks after reperfusion.
Contralateral testicular volumes in the IRI and Dex
groups were not considerably different from those of the
control group at different time points (P > 0.05, Figure 1B).

Effects of IRl on Markers of Oxidative

Stress and Antioxidant Status

MDA concentrations increased in the IRI (4.2 + 1.7 nmol/
mg protein) and Dex (2.8 = 0.3 nmol/mg protein) groups
compared to those of the control group (1.5 £ 0.5 nmol/mg
protein), but there were no significant differences in MDA

Drug Design, Development and Therapy 2021:15
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Table 1 Comparison of Testicular Volume Between the  whereas the maturation of the spermatogenic cells in the
Ipsilateral and Contralateral Side testes that underwent IRI decreased considerably (Figure
Groups Ipsilateral Contralateral P value 3B and C). The Johnson score and MSTD of the IRI and
Testis Volume | Testis Volume (mL) Dex groups were lower than those of the control group,
(mL) but no significant differences were observed between the
Before ligation IRI and Dex groups (P >0.05, Table 3).
Group C 1.04 £ 0.66 0.99 * 0.60 0317 o o
Group IRI 0.98 + 0.40 0.96 + 0.45 0.740 DISCUSSIO“
Group Dex | 1.18 + 0.24 133 + 024 0.273 This study investigated whether Dex produced a protective
Just after reperfusion effect on testic'ular damage 4 weeks after IRI. In the rabbit
model of testicular IRI, we found that there were no
Group C 1.06 £ 0.67 1.0 + 0.63 0.321 significant differences in the testicular volumes, MDA
EZZEE :;lx ::i i 2:73 (I):Z: i g::z g:giz concentrations, SOD activity, Johnson' scores aTld MSTDs
among the groups that were treated with and without Dex,
4 weeks after reperfusion which indicated that Dex alone could not prevent testicular
Group C | 1.05 £ 0.75 113 £ 0.65 0.603 damage after IRL
Group IRl | 0.50 % 0.42 1.49 £ 0.73 0.024 In the process of testicular IRI, the balance between the
Group Dex | 042 £0.11 1.91 + 0.84 0.019 production of free oxygen radicals and antioxidant capa-

Abbreviations: C,
dexmedetomidine.

control;  IRI, ischemia-reperfusion injury; Dex,

concentrations between the IRI and Dex groups (P > 0.05,
Figure 2A). SOD activity reduced in the IRI (2.5 £ 1.0 U/
mg protein) and Dex (3.2 + 0.9 U/mg protein) groups
compared with that of the control group (5.6 = 0.5 U/mg
protein), but these differences were not significant between
the IRI and Dex groups (P > 0.05, Figure 2B).

Comparison of Histological Changes in
the Different Groups

The histological examination demonstrated that the rab-
bits’ testes in the control group were normal (Figure 3A),

Table 2 Comparison of the Ipsilateral Testicular Volume (mL)
Between Groups

Group C Group IRl | Group P value
Dex

Mean Mean Mean

SD SD SD
Before 1.04 £0.66 | 098 £0.40 | 1.18 £0.24 | 0.799
ligation
Just after 1.06 £ 0.67 | 1.48 £0.78 | 1.35 £ 0.17 | 0.447
reperfusion
4 weeks after | 1.05 £ 0.75 | 0.50 + 042 | 042 + 0.1 | 0.089
ligation

Abbreviations: C, control; IR, ischemia-reperfusion injury; Dex, dexmedetomi-
dine; SD, standard deviation.

city is disrupted, generating excessive ROS. The ROS can
attack the polyunsaturated fatty acids in the biological
membranes, and induce free radical chain reactions, lead-
ing to the enhancement of lipid peroxidation.'* There are
many chemical agents and drugs, including oxygen radical
scavengers, that have been successfully used to reduce IRI
in animal models.®'*'3

Dex has been shown to have a protective effect against
IRI in several tissues,'” % but the underlying mechanism of
Dex action in preventing IRI is not clear. There are some
opinions about its preventive properties during IRIL
A previous study demonstrated that Dex shows its effect
via presynaptic a-adrenoceptors, reducing the section of
noradrenaline induced by ischemia.”> By this mechanism,
Dex may prevent potential destructive effects caused by
noradrenaline by preventing the increased production of
free oxygen radicals production.’* In a study on the anti-
inflammatory effects of Dex in different tissues, Ma et al**
suggested that Dex provided renoprotection through anti-
inflammatory effects on the parasympathetic nervous system
activation. Sun et al'® also reported its anti-inflammatory
effect on the spinal cord IRI in rabbits.

Apoptosis is important for regulating the population of
germ cells in the testes. Sonmez et al*> demonstrated that
testicular IRI caused a significant increase in apoptosis of
the ipsilateral testis. One study demonstrated that admin-
istration of Dex significantly decreased the germ cell
apoptosis indices.'> Another study reported that Dex
inhibited the caspase-3 dependent apoptosis in a rabbit

. . . . 1
spinal cord ischemia-reperfusion model."’
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Figure 2 Concentrations of MDA (A) and SOD (B) in the affected testicular tissue.

Abbreviations: MDA, malondialdehyde; SOD, superoxide dismutase.
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Figure 3 Histological changes in the testis of each group. Microphotographs taken of group C (A, arrowhead, spermatozoa), group IRI (B, arrowhead, spermatids), and
group Dex (C, arrowhead, spermatids) testis subjected to HE staining; 400% magnification; scale bars, 50 um.
Abbreviations: C, control; IR, ischemia-reperfusion injury; Dex, dexmedetomidine; HE, hematoxylin and eosin.

Although many chemicals have been shown to reduce
testicular IRI in animal models, most of them have pri-
marily been examined 2-24 hours after testicular
IRL.>*'*?5 Few studies have examined the progress of
testicular IRI, and the injury that can occur months and
years later. Experimental and clinical case studies that

contain long-term follow-up results have suggested that
the acute damage that occurs post-torsion might continue
and create chronic damage.’® For these reasons, we
observed the long-term protective effect of Dex on testi-
cular IRI. We found that there were no significant differ-
ences in MDA concentrations, SOD activity, MSTDs, and

Drug Design, Development and Therapy 2021:15
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Table 3 The Johnson Score and MSTD in the Testis of Each
Group

Groups Johnson Score MSTD (pm)
Group C 9307 188.7 + 4.9
Group IRI 6.1 = 1.9% 106.7 + 4.9%
Group Dex 5.8 + |.3* 112.0 + 5.8*%

Note: *P < 0.05 compared to group C.
Abbreviations: MSTD, mean seminiferous tubular diameter; C, control; IRI,
ischemia-reperfusion injury; Dex, dexmedetomidine.

testicular volumes between the groups treated with and
without Dex, suggesting that the long-term protective
effect of Dex against testicular IRI is not as significant
as that reported of its short-term protective effects against
acute damage. Samy et al*’ evaluated the protective effi-
cacy of platelet-rich plasma on short-term torsion/detor-
sion (48 h after detorsion) and long-term torsion/detorsion
(30 days after detorsion), and showed that its protective
efficacy on short-term torsion/detorsion was superior to
that on long-term torsion/detorsion. Their results are simi-
lar to ours. This may be associated with the one-time
application of Dex. When 0.016 mL/rat zinc was adminis-
tered with distilled water for 1 to 3 months, its long-term
beneficial effects were more evident, and these results
were supported histopathologically as well.*

The protective effect of Dex has also been explored by
varying the doses in testicular IRI. Tuglu et al'® reported
that Dex at a dose of 100 pg/kg significantly increased the
tissue antioxidant activity when compared with a dose of
Dex 50 pg/kg, indicating that Dex shows an antioxidative
function in a dose-dependent manner. A study had
revealed that the administration of Dex after ischemia
had no protective effects, but was rather proved to be
more effective against IRI when Dex was applied before
an ischemic insult.” In a clinical setting, ischemic insults
can not be predicted, so the administration of Dex ahead of
time is not possible. Therefore, in our study, Dex was
injected 1 h before reperfusion. In order to reduce inter-
individual variation, we did not twist the spermatic cord
directly in this study, as the thickness of the spermatic cord
determines the length of the spermatic cord over which
twisting occurs,”® which has an influence on the degree of
ischemia; however, the spermatic cord was ligated, and if
there was no blood flow in the affected testis on color
Doppler flow imaging, the model was deemed to be estab-
lished successfully.

In general, atrophic seminiferous tubules have interstitial
fibrosis. This fibrosis is supposed to be the result of

inflammation and impairs the transfer of nutrients to the
germ cells, which may result in infertility. Fibrosis is inver-
sely correlated to the diameters of seminiferous tubules,
length of the lining germ cells, and the number of germ
cells.”” In our study, the morphologic analysis demonstrated
the marked decrease in the Johnson scores and MSTDs of
seminiferous tubules at 4 weeks after IRI. However, there
were no significant differences in the histological analysis
and testicular volumes between the groups treated with and
without Dex, and none of the contralateral testicular
volumes among all the groups had any significant
differences.

This study has
Immunohistochemical and electron microscopic findings

experimental several limitations.
were not conducted. A study showed that the protective effect
of Dex against IRI is dose-dependent,'® but in our study, Dex
was only administered once at a dose of 50 pg/kg body
weight. Additionally, the ligation period was for only 4
h. Further research is needed to verify the long-term protec-
tive effect of repeated administration of Dex with different
doses on various degrees of testicular IRI to establish a proper

regimen in the post-recovery care after testicular IRI.

Conclusion

The administration of Dex intraperitoneally 3 h after ische-
mia and 1 h before reperfusion did not induce a significant
protective effect against testicular IRI at 4 weeks after
reperfusion in rabbits. Additionally, testicular damage did
not improve at the pathological level after the administra-
tion of Dex. Further research is needed to confirm the
potential therapeutic effects of Dex by varying the experi-
mental conditions to establish a preventive treatment for
testicular damage after the instances of IRI.
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