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Objective: To determine bilateral effects of unilateral iatrogenic vas deferens trauma (UIT) on epididymal
sperm characteristics and in vitro fertilizing capacity in an experimental mouse model.

Methods: Experiments were performed on three equal groups each comprising six adult male mice. Following
anaesthesia, UIT was induced by clamping left vas deferens with a mosquito clamp in fully locked fashion
for 2 minutes in UIT group. Control-sham mice only had exposure of the left vas deferens through a groin
incision. Control animals only received ceftriaxone (100 mg/kg) intraperitoneally at the day of experimental UIT
induction. Ipsilateral and contralateral epididymal sperm characteristics and in vitro fertilizing capacity were
evaluated after 35 days.

Results: UIT significantly decreased sperm concentration, motility and viability as well as fertilization, two-cell
embryos, blastocysts and hatched blastocysts rates. Moreover, incidence of DNA damage and abnormality in
spermatozoa was significantly higher in UIT group.

Conclusion: The findings suggest that a non-recognized iatrogenic vas deferens trauma may have detrimental
effects on spermatozoa leading to infertility.
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Introduction

Vas deferens iatrogenic injuries caused by
involuntary medical interventions are serious
complications of surgical procedures in the inguinal
canal in children and adults [1,2].The average
paediatric surgical practice is overflowing with

operations in close proximity to the vas deferens.
It is, therefore, very important to know what effects
routine inguinal exploration have on the structures
of the inguinal canal. Unintended transaction of the
vas deferens is an evident catastrophe with lifelong
sequels [3]. Inguinal hernia repair, one of the most
frequent operations performed worldwide by general
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and paediatric surgeons, is performed by using the
open, laparoscopic or preperitoneal approach [4].
Transection or ligation related injuries account for
about 25% of iatrogenic vassal injuries [5]. Most
infant surgeries deal with inguinal pathology and
during these surgical procedures the vas deferens
and vessels are involuntarily manipulated. The
accidental crushing of inguinal contents is at times
unavoidable and the results unpredictable. It may
not be as harmful as iatrogenic separation, but some
sort of disturbance in the continuity of the vas may
have a long-lasting functional effect. It has been
proven that any slight disturbance in vas deferens
muscular layer or mucosa will jeopardize fertility
[6]. Epididymitis, trauma or iatrogenic injuries
could be involved in vas deferens injuries. Surgical
intervention-associated damages in vas deferens
can happen during orchidopexy, hydrocele repair
or inguinal herniotherapy [7]. It was found that
remote inguinal hernia repair is a common finding
in infertile men with unilateral vasal obstruction
[8]. Moreover, previous studies have shown that
unilateral vasal injuries have immune response-
mediated detrimental effects on the contralateral
testicular function [9,10].

In view of this, the main goal of this study was
to elucidate bilateral effects of unilateral iatrogenic
vas deferens trauma (UIT) on epididymal sperm
characteristics and in vitro fertilizing capacity in an
experimental mouse model.

Materials and Methods

Animals

This experimental study was carried out on 18
healthy adult sexually mature male Naval Medical
Research Institute (NMRI) mice (7 weeks of age,
2043 g body weight). Animals were obtained from
the Animal House of Faculty of Veterinary Medicine,
Urmia University, Urmia, Iran and housed in filter-
top polycarbonate cages in an air-conditioned room
(temperature: 25+2 °C, relative humidity: 50+10%,
and 12 h light/12 h dark photoperiod) free from any
sources of chemical contamination with free access to
standard diet and water throughout the experimental
period. Surgical procedure was conducted under
cocktail intraperitoneally injection anaesthesia that
the cocktail consisted of 0.1 ml xylazineand 1 ml
ketamine and 8.9 ml distilled water at a dose of 0.1
ml/10 g BW [11]. The experimental protocol and
procedures were carried out in accordance with
international guidelines for care and use of laboratory
animals and approved by the ethical committee of
Urmia University.

Experimental Design

Following an adaptation period of seven days, mice
were randomly divided into three groups of six mice
each; control group, control-sham group and UIT
group. In control group, mice only received ceftriaxone
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at a dose of 100 mg/kg BW intraperitoneally at the
day of experimental UIT induction. Control-sham
animals were anesthetized with cocktail (0.1 ml/10
g BW, IP) and only had exposure of the left vas
deferens through a groin incision. During operation,
mice received ceftriaxone at a dose of 100 mg/kg
BW intraperitoneally. In UIT group, mice were
anesthetized with cocktail (0.1 ml/10 g BW, IP) and
UIT was induced by clamping left vas deferens with a
mosquito clamp in fully locked fashion for 2 minutes.
Then, the inguinal contents were replaced and the
abdominal incision was tagged in 2 layers; 4-zero
absorbable silk sutures were used for the musculature
and skin. Ceftriaxone at a dose of 100 mg/kg BW
was administered intraperitoneally to mice during
operation. All groups were housed for 35 days in
standard condition. At the end of treatment period, all
animals in three groups were sacrificed with cervical
dislocation after anesthetizing with cocktail.

Epididymal Sperm Analysis

Caudal epididymal sperms were collected by
slicing the caudal region of the epididymis into small
pieces in 1 ml of human tubal fluid (HTF) + 4mg/
ml bovine serum albumin (BSA) and incubated for
10 minutes at 37 °C in an atmosphere of 5% CO, to
allow sperms to swim out of the epididymal tubules.
The epididymal sperm count was obtained by the
standard hemocytometric method. After dilution
of epididymal sperm to 1:20 in HTF medium,
approximately 10 pl of this diluted specimen was
transferred to each of the counting chambers of the
hemocytometer, which was allowed to stand for 5
minutes in a humid chamber to prevent drying. The
cells sedimented during this time and were counted
with a light microscope at 400x. The sperm count
was expressed as number of sperm per milliliter [12].

The percentage of sperm motility was assessed
visually using a light microscope at 400x
magnification. For this procedure, one drop of sperm
suspension was placed on a microscope slide and a
cover slip was placed over the droplet. At least 10
microscopic fields were observed and motile sperms
percentages were calculated [13].

In order to assess sperm viability, 20 pl of sperm
suspension was mixed with 20 ul of 0.05% eosin-Y.
After 2 minutes of incubation at room temperature,
slides were viewed with magnification of 400 x.
Sperm with altered plasma membrane seemed to
be pink and sperm with intact plasma membrane
were not stained. In each sample, 200 sperm cells
were counted and the percentages of sperm viability
(ratio of sperm with intact/altered plasma membrane)
were recorded [14].

For evaluation of sperm abnormalities, sperm
smears were prepared on clean and grease free slides,
left to air-dry overnight, stained with 1% eosin-Y/5%
nigrosin and examined at 400x magnification by
light microscope. 200 sperm cells per animal were
analysed to determine the percentage of sperms with
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morphological abnormalitiessuch as amorphous,
hook less, bicephalic, coiled or abnormal tails and
attached cytoplasmic droplet [15].

Acridine orange (AO) test is a made easier microscopic
method of the sperm chromatin structure assay which
reflects sperm chromatin denaturation. A drop of the
sperm suspension was spread on the glass slides and
allowed to air-dry. All the smears were fixed for 2
hours in (methanol-acetic acid, 1:3, v/v). The slides
were then stained with 2-3 cc 19% AO solution in
phosphate citrate for 5 min and washed with deionized
water. 200 sperms were evaluated with a fluorescence
microscope and sperm heads with intact chromatin
had green fluorescence, while those with denatured
chromatin had orange-red staining [14].

In Vitro Evaluation of Epididymal Sperm Fertilizing
Capacity

Four-week-old female mice were superovulated by
intraperitoneal injection of 7.5 IU pregnant mare’s
serum gonadotropin (PMSG, Folligon, Netherlands)
followed by intraperitoneal injection of 7.5 IU human
chorionic gonadotropin (hCG, Folligon, Netherlands)
48 hours later [16]. 14 hours after hCG injection,
female mice were anesthetized with cocktail (0.1
ml/10 gBW) and euthanized by cervical dislocation.
Their oviducts were dissected and transferred to petri
dishes that contained HTF medium.Using a stereo
zoom microscope, ovulated oocytes were collected
from the ampullary portions of the oviducts by
dissecting technique. All oocytes after washing with
HTF medium were transferred into the fertilization
medium [17].

One day before conception, required media were
prepared for fertilization and were incubated for
12 hours in a gas mixture of 5% CO, at 37 "C. For
each of the groups, separate dishes were considered.
Conception dishes with HTF medium which were
combined with 4 mg/ml BSA were drop-marked.
A drop of 500 ml and a few drops of 100 ml per
dish were used for washing the in vitro fertilization
(IVF) dishes and they were covered with mineral oil.
Ten to 15 pl of capacitated sperm suspension was
added to the fertilization medium to give the final
motile sperm concentration of 2x10°ml. About 6
hours after adding sperms, fertilization determined

by observation of male and female pronuclei under
inverted microscope. Fertilized oocytes were
removed from the fertilization drops, and rinsed
3 times with HTF medium. They were further
cultured in 50 pl of fresh HTF medium+4mg/ml
BSAfresh medium that had been pre-equilibrated
and covered with mineral oil at 37 °C in 5% CO,
and 95% humidity. Two-cell and blastocyst stage
embryos percentages were evaluated 24 hours and
4-5 days after fertilization, respectively [18].

Statistical Analysis

All data were expressed as the mean =+ standard
error of mean (S.E.M.). The variables were analyzed
by one-way analysis of variance followed by Tukey
test for post hoc comparisons using Statistical
Package for the Social Sciences, version 18.0,
SPSS Inc, Chicago, Illinois, USA. The statistical
significance level was set at p<0.05.

Results

Epididymal Sperm Parameters

Table 1 exhibits the effects of different treatments
on epididymal sperm characteristics. As it is clear
from the table, UIT caused a significant decrease in
the both epididymal sperm concentrations compared
to the control and control-sham groups. Also,
comparison of the average number of epididymal
sperms in UIT group showed a significant decrease
in left epididymal sperms compared to the right.
Significant differences were not observed in other
groups (Table 1).

UIT caused a significant decrease in the left and
right epididymidal sperms motility compared to
the control and control-sham groups. However,
significant differences were not observed following
comparison of the left and right epididymidal sperms
motility in UIT group. Also, significant differences
were not found in other groups (Table 1).

The percentage of sperm viability in both
epididymides of UIT group was significantly lower
than both epididymides of control and control-
sham groups (Figure 1). Also, the percentage of left
epididymis sperms viability was significantly lower
than rightepididymis in UIT group (Table 1).

Table 1. Bilateral effects of unilateral iatrogenic vas deferens trauma onepididymal sperm parameters.

Experimental Groups Sp%rm count Sperm motility Sperm viability Abnormal sperms AQO?*-positive
(10 /mL) (%) (%) (%) sperms (%)
Control
Ipsilateral epididymis 12.80+0.50" 87.30+0.89 " 90.00+0.57" 12.66+0.88" 4.66+0.88"
Contralateral epididymis ~ 12.93+0.17" 85.9640.58" 87.66£0.88" 13.00£1.73" 3.66+0.88 "
Control-sham
Ipsilateral epididymis 12.73i0.58: 80.23¢4.32: 85.33i0.88: 34.00i0.57z 9.33i0.88:
Contralateral epididymis ~ 12.76+0.76 80.63+4.06 85.00+2.51 32.33+0.66 7.00+0.57
uIT®
Ipsilateral epididymis 4.10+0.35 " 51 .9310.26: 56.33+1.45 " 42.33+1.20° 51.00+1.15 "
Contralateral epididymis  6.91+0.45 60.93+0.37 63.66+0.88 50.33+1.20 36.33£2.60

*AO: Acridine orange; "UIT: Unilateral Iatrogenic vas deferens Trauma (Different superscripts denote statistical difference at a p<0.05).
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Fig. 1. Photomicrograph of epididymal sperms stained with
eosin-Y in UIT group: Dead sperm (2) appear pink and live
sperm (1) is not stained (x1000).

The percentage of sperm abnormality was
increased significantly in both epididymides of UIT
group when compared to control and control-sham
mice. Also, percentage of sperm abnormality in
the left epididymis of UIT group was significantly
higherthan right epididymis. Interestingly, mean
percentage of abnormal spermsin both epididymides
of control-sham animals was significantly higher
than those of the control mice (Table 1).

The results of AO staining revealed that the mean
percentage of spermatozoa with DNA damage
increased significantly in both epididymides of UIT
group when compared to control and control-sham
mice. Moreover, the mean percentage of spermatozoa
with DNA damagein the left epididymis of UIT
group was significantly higher than right epididymis.
Significant differences were not observed in other
groups (Table 1).

1IVF Qutcomes
Table 2 represents data concerningepididymal
sperm in vitro fertilizing capacity in all experimental
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groups. UIT caused a significant decrease in
the both epididymides sperms fertilization rate
compared to the control and control-sham groups.
Comparison of fertilization rates between left and
right epididymides in the UIT group did not reveal
significant differences. Significant differences were
not seen in other groups (Table 2).

The percentage of two-cell embryos from left
epididymis sperms of the UIT group showed
a significant decline in comparison with both
epididymides of control and control-sham groups.
However, comparison of two-cell embryo percentages
between left and right epididymides of UIT group did
not reveal significant differences (Table 2).

UIT caused a significant decrease in blastocyst
formation of both epididymides sperms in UIT group
compared to the control and control-sham groups.
Further, percentage of blastocyst stage embryos from
left epididymis of UIT group was significantly reduced
in comparison with rightepididymis (Table 2).

The percentage of hatched blastocysts from both
epididymides sperms of UIT group markedly
declined in comparison with both epididymides
of control and control-sham groups. No statistical
significance was foundin other groups (Table 2).

Discussion

The findings of present experimental animal study
showed that UIT has deleterious bilateral effects
on epididymal sperm characteristics and in vitro
fertilizing capacity in mice. To the best of our
knowledge, this study is unique in the literature in
the sense thatthe relationship between UIT and male
fertility was evaluated in an in vitro fertilization
model.

Some infant surgeries accomplish due to inguinal
region pathology. The vas deferens and vessels
can be inadvertently manipulated over the surgical
procedures. Accidental injuries and their effects in
the inguinal region are inevitable and unpredictable
and iatrogenic lesions may impair the performance
of the vas deferens for long periods. In this type of
injuries, even a slight injury to the muscular layers
or mucous layer can affect fertility [6].

Inguinal hernia repair is one of the most common
surgeries for pediatric and/or general surgeons*

Table 2. Bilateral effects of unilateral iatrogenic vas deferens trauma on epididymal sperm in vitro fertilizing capacity.

Experimental Groups Oocytes Fertilization rate Two-cell embryos Blastocysts (%) Hatched blastocysts

(%) (%) (%)

Control
(82) 76.71£1.28"
(86) 73.95+3.50"

(90) 85.10+0.89"
(97) 82.4142.05"

(98)91.49+1.49"
(102) 87.81+3.72"

(107) 93.79+1.20"
(115) 96.85+0.91 "

Ipsilateral epididymis 114

Contralateral epididymis 119
Sham

Ipsilateral epididymis 111

Contralateral epididymis 116
uIT

Ipsilateral epididymis 124

(73) 69.8146.55
(77) 70.51£1.89"

(86) 82.41+4.86"
(92) 84.51£1.76"

(91) 87.17+5.54"
(98) 89.92+0.27"

(104) 93.63+1.18"
(109) 93.99+0.45"

(64) 51.52+0.58" (40) 63.05+3.60 "b (23) 35.58+2.25" ®) 12.31:!:1.20bb
(78) 69.83+1.58" (57) 73.18+1.09" (41) 52.72+1.56 (11) 14.3842.76

AUIT: unilateral iatrogenic vas deferens trauma. (Different superscripts denote statistical difference at a p<0.05).

Contralateral epididymis 112
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and vas deferens injuries are serious complications
of inguinal herniotherapy. Manipulations during
surgeries and mesh-related fibrosis can result in
perforation or obstruction of injured vas deferens
leading tomale impaired fertility [19]. Previous studies
have pointed to the consequences of the vas deferens
surgical manipulations such as: grasping with toothed
and non-toothed forceps, clamping with mosquito
haemostats and electrocoagulation that can lead to
histological alterations including intra- and transmural
inflammatory reaction, mural and muscular wall
disruptions and luminal obliteration [4].

It is well documented that vas deferens obstruction
causes testicular blood flow reduction and eventually
testicular hypoxia and atrophy [20,21]. The exact
mechanism responsible for unilateral vassal injury-
mediated bilateral testicular damages have not been
fully elucidated yet, but antisperm autoantibodies
(ASAs) formation and sympathetic vasospasm
may contribute [10,21]. It has been established
that spermatozoa out flow obstruction can result
in ASAsformation leading to sperm motility
and fertilizing capacity reduction through either
agglutination or immobilization [10]. It was also
found that ASAs affect sperm-oocyte interaction by
impairing sperm capacitation and acrosomal reaction
[22,23]. Moreover, extensive researches demonstrate
that sympathetic nervous system plays a critical role
in vas deferens obstruction related injuries through
reflexive reduction of contralateral blood flow leading to
testicular degeneration [21,24].Consistent with above-
noted findings, UIT in this studycaused significant
decreases in the sperm concentration, motility, viability
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