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Abstract

Objectives: In this experimental study, a testicular torsion/detorsion model was used in male rats to investigate the effect of onion
juice on male fertility factors and rate of pregnancy by intrauterine insemination (IUI).

Materials and Methods: A total of 56 Wistar rats (28 males vs. 28 females) were included in this study. Male rats were randomly
divided into 4 groups including sham, testicular torsion/detorsion, testicular torsion/detorsion treated with onion juice (40 mg/kg,
orally) 30 minutes before detorsion, and those rats that were only treated with onion juice. Treatment with onion juice was continued
for 14 days after detorsion. At the end of the study, following anesthesia with ketamine/xylazine (5/1 mg/kg), levels of testosterone
hormone as well as some oxidative stress markers in the blood serum of the male rats were analyzed. Furthermore, sperm parameters
were assayed, and then fertility power of the male rats was investigated in the adult female rats using TUI method.

Results: The results of the study showed that there was a significantly negative change in TD group in terms of histological
parameters while they were decreased in treated groups. On the one hand, although serum level of malondialdehyde (MDA)
significantly increased in TD group, other oxidative markers’ (i.e., glutathione peroxidase and superoxide dismutase) serum levels
and also testosterone hormone significantly decreased, on the other as compared to the other groups. In addition, the rate of sperm
parameters and pregnancy presence were lower in TD group than those of other groups. However, onion juice as a treatment factor
could improve the sperm quality and fertility power.

Conclusions: The obtained results revealed that using onion juice could enhance the quality of sperm and fertility power after

testicular torsion/detorsion.
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Introduction

Infertility is one of the main problems for the couples.
According to statistical prevalence, approximately 15%
of the couples are encountered with infertility at the end
of the first year of marriage and about 20% of these cases
are occurred in males (1). Furthermore, in recent decades,
the number of couples searching for consultation and
infertility treatment has increased (2). Although most of
the men with infertility have an unusual semen analysis and
abnormal sperm parameters, the reasons for infertility are
not well described (3). However, according to previously
research, these reasons may consist of several parameters
such as environmental, dietary, medical, genetic as well
as physiological factors (4). Meanwhile, as was first
described by MacLeod, reactive oxygen species (ROS) has
been considered as one of the most common potential
causes of infertility in men (5). Similarly, it was shown
that high level of ROS was associated with infertility in
up to 40% of men (4). Besides, other studies in this regard

have mentioned that infertility in 30% to 80% of men was
related to the high level of ROS (4,6,7). Oxidative stress
(OS) was found to damage the reproductive system and
sperm, and therefore result in reducing sperm motility,
lipid peroxidation, and oocyte-sperm fusion in addition to
increasing the DNA damage (4). ROS, as stated by several
studies, had considerable effects on spermatogenesis
and sperm function. They reported that overproduction
of ROS had harmful effects on motility, morphology,
and concentration of sperm and that it caused sperm
DNA damage and apoptosis (4,7-9). Testicular torsion,
which occurs due to rotation of testicles, is a pathologic
condition that leads to acute scrotal pain. According to
the reports, although testicular torsion can be observed in
any age group, its peak incidence usually occurs in young
males aged 13-16 years. Moreover, it is estimated that
4.5 per 100000 males within the age range of 1-25 years
suffer from spermatic cord torsion (10). Furthermore, as
pointed out by some studies, the degree and duration of
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torsion have been considered as two important predictors
of testicular damage (11,12), If detorsion was performed
within 6 hours of torsion, testicles could be saved in 90%
of the cases; however, if the time of detorsion procedure
increased to 12-24 hours, the maintenance rate of
testicles decreased to 50% and 10%, respectively (13).
It was also reported that the twisted spermatic cord led
to a decrease in/or even complete loss of the perfusion
flow to the affected testis and other scrotal contents.
Therefore, an emergency surgery for reperfusion of the
affected testis was needed. In addition, any attempt to
reperfusion of ischemic tissue was considered as the cause
of further damage for the testis. For example, damage in
the epithelium of seminiferous tubules and loss of germ
cells after ischemia/reperfusion (IR) injury of the testis
had been reported in some studies (10,14). Moreover, a
possible cause of damage in testicles may be a produced
ROS during the process of ischemia/reperfusion (15).
Nowadays, using a different range of antioxidants has been
regarded as a new method in treatment of male infertility.
Allium cepa (onion) is one of the natural antioxidants that
has been used in traditional medicine for thousands of
years. The extract of onion protects sperm against DNA
damage and other important molecules related to OS. It
also improves sperm quality and enhances the power of
fertility (16). Hence, the present study aimed to evaluate
the effect of onion juice on rate of male fertility and sperm
quality after testicular torsion/detorsion by intrauterine
insemination (IUI) in adult female rats.

Materials and Methods

The present experimental study was carried out on 56
Wistar rats (including 28 adult males vs. 28 adult females)
weighed between 250-300 g. Rats were maintained in the
animal house of Tabriz University of Medical Sciences
under the standard conditions namely, the temperature
23+2°C, humidity 60%-70%, and a 12/12-hour light/dark
cycle while having free access to enough food and water.
Male rats were classified into 4 groups (n=7) including
sham (G1), testicular torsion for 4 hours followed by
surgical detorsion (TD/G2), TD received onion juice (40
mg/kg, orally) 30 minutes prior to detorsion (TDOJ/G3),
and healthy rats that only received (40 mg/kg) onion juice
(0]/G4).

Surgical Procedure

In the surgical process, male rats were first anesthetized
using ketamine/xylazine (5/1 mg/kg), then left testis
was exposed and rotated 720° counterclockwise by an
incision on the scrotum. Afterwards, the tunica albuginea
of the torsioned testicle was sutured to the dartos muscle
using three 6/0 silk. In addition, the scrotum was closed
employing 5/0 silk sutures. The duration of torsion was
4 hours, thereafter another surgery was performed for
detorsion. Fourteen days post procedure, all male rats
were anesthetized and their blood was drawn from

the superior vena cava (IVC) vein, then, the obtained
blood was centrifuged at 3000 rpm (for 10 minutes) and
afterwards the serum was separated and kept at -70°C to
analyze the levels of testosterone hormone and some stress
oxidative markers. Moreover, on the last day of the study,
that is day 14, male rats underwent bilateral orchiectomy
and their left testicles were fixed in Bouin’s fluid (17, 18).

The Procedure of IUI

A) Sperm Extraction From Epididymis: after reperfusion
period, all male rats were anesthetized, then the tail of
epididymis was quickly removed and placed into the
5.0 mL of phosphate buffer saline (PBS) supplemented
with 10 mg/mL bovine albumin. Several cuttings were
made with scissors in the epididymis and the sperm was
allowed to get out and float for 5 minutes. Then, some of
the suspension was removed to examine the morphology,
motility, and count of the sperm. The suspension of sperm
was kept in the incubator (37°C) for 20 minutes until
insemination (19).

B) Insemination: female rats were first anesthetized, then
the caudal part of the uterus was exposed by an incision
in the low midline of the abdomen. The sperm suspension
(0.1 mL) was injected into each horn of uterine lumen and
incision was closed with 5/0 silk sutures (19).

Counting of Embryos

Three days following insemination, female rats were
anesthetized with ketamine and xylazine. Fallopian tubes,
the rostral portion of uterine horns, and both ovaries were
removed and placed in a plate. Then, a 27-gauge needle
was put into the infundibulum of the uterine horn and
afterwards, the preimplantation embryos were gathered
by PBS flushing and their number was counted under
a stereomicroscope. Female rats were considered not
pregnant when there were unfertilized oocytes while in
the pregnant rats there was at least one embryo (19).

Tissue Preparation

Removed testicles were placed into falcon tubes,
containing Bouin’s solution, for 48 hours. Then, the steps
of tissue passage were carried out and paraffin embedded
testicles were cut and thus, slides with 5 uM thickness
were prepared. Each slide was stained with hematoxylin
and eosin (H & E), then examined under an optical
microscope (Nikon, Japan) at the magnification of 400X
(20,21).

Histopathological Evaluations

To evaluate the histological changes in seminiferous
tubules of testicles after fixation, the testicles were
dehydrated with an ascending ethanol sequence, cleared
with xylene and embedded in paraffin. Spermatogenesis
in the seminiferous tubules was evaluated with Johnson’s
score. To this end, 50 seminiferous tubules were randomly
selected from each slide and Johnson’s score (scales of
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1-10 based on the level of spermatogenesis) was calculated
for each tubule. Then, the mean Johnson’s score of each
case was computed (20). Morphometric studies were
conducted on the seminiferous tubules. For this purpose,
in each slide, 30 round or nearly round seminiferous
tubules were randomly selected, then their morphometry
was investigated under the microscope using the linear
eyepiece grids at the magnification of 400X. The internal
diameter of the seminiferous tubules was measured by
the mean average of two perpendicular diameters from
the basement membrane on one side of the tubule to the
other side of the tubule. The height (thickness) of the
germinal epithelium (from base membrane to lumen) was
calculated and the data was presented as micrometer (uM)
(20).

Measurement of Malondialdehyde, Superoxide Dismutase,
and Glutathione Peroxidase Serum Levels

The serum levels of Malondialdehyde (MDA), Superoxide
Dismutase (SOD), and Glutathione Peroxidase (GPx)
were measured based on the previous study conducted
by the researchers of the present study (21). Briefly, 200
lambda (A\) of serum was poured into a tube containing
3000 A of glacial acetic acid, 3000 A of NaOH (2%), and
tetrabutylamine (TBA, 1%). Then, the tube was placed
into a boiling water bath for 15 minutes. After cooling, the
absorbance of the product was read at 532 nm. Moreover,
the serum activities of SOD and GPx were measured
according to the protocol of the kits (Randox, UK).

Serum Testosterone Measurement

Serum levels of testosterone were measured according to the
protocol of testosterone enzyme-linked immunosorbent
assay (ELISA) kit (Demeditec Diagnostices, Germany).
The absorbance of the product was read at 405 nm.

Sperm Counting

The left epididymis was minced in 5 mL PBS (pH=7.2).
Then, a new solution was made by dissolving 100 A of
sperm solution in 900 A of PBS. At the next step, 1 drop of
the solution was poured into the Neubauer chamber and
the number of sperm was counted based on the World
Health Organization (WHO) protocol (9, 22).

Morphology of Sperm

After preparing the smears of sperm for accessing to the
morphology, the slides were dried exposing to the air,
fixed with alcohol 96%, and stained with Hand E. Then,
in each slide, 150 sperms were randomly counted and
therefore, based on the WHO protocol, the percentage of
the normal and abnormal sperms were determined (9,22).

Statistical Analysis

To analyze the data, SPSS (statistical package for the social
sciences) software, version 18 (IBM, USA) was used.
The normality of data was determined by Kolmogorov-
Smirnov test. In order to compare the data, one-way
ANOVA was carried out followed by post-hoc Tukey
HSD test and all the data were presented as mean +
standard error (SE). The level of P<0.05 was considered
as statistically significant.

Results

Histopathological Parameters of Testis

Table 1 and Figure 1 show histopathological parameters of
the testis. The mean Johnson’s score (M]S), the diameter
of seminiferous tubules (STD), and the thickness of
seminiferous tubule epithelium (HE) significantly
decreased in the torsion/detorsion group as compared to
the sham group. These parameters increased in treated
groups that received onion juice (P <0.05).

Testosterone

The serum level of testosterone was significantly higher in
TD group than that of the sham group (P<0.05). However,
in the treated groups, it was significantly higher than TD
group (Figure 2).

Oxidative Stress Markers

In TD group, serum levels of GPX and SOD were
significantly declined in comparison with the sham group
(P<0.05). In the treated groups, that is, TDOJ and O],
serum levels of SOD and GPX increased significantly
(P<0.05). In addition, although the serum level of MDA
was significantly higher in G2 than GI, it decreased
(P<0.01) in the treated groups (Table 2).

Table 1. Comparison of Testicular Mean Johnson’s Score, Seminiferous Tubule Diameter, and Height of Epithelium in All Groups of the Study

Groups Mean Johnsen’s Score STD HE

Sham 9.67 +.065 267.42£1.41 72.12+3.21
TD 4.50 +.075" 140.80 +1.63" 29.82 +4.32°
TDOJ 7.12 £ 0.045* 208.75 +7.13° 57.45 + 3.45%
0lJ 9.85+0.075° 273.52 +4.30° 75.16 + 2.31°

Note 1. Sham, control group without the application of torslion; TD, testicular torsion/detorsion group; TDOJ, testicular torsion/detorsion, then
received 40 mg/kg of onion juice 30 minutes before detorsion; OJ, healthy rats received 40 mg/kg of onion juice; STD, seminiferous tubule diameter;

HE, height of epithelium.

Note 2. All the data are displayed as Mean + SE; the asterisk (*) and symbol (a) show significant difference with the sham and TD groups,respectively.

*(P<0.05).
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Figure 1: Histological Findings in All Groups of the Study.

Note 1. A: Sham, control group without the application of torsion; B:
TD, testicular torsion/detorsion group; C: TDOJ, testicular torsion/
detorsion, then received 40 mg/kg of onion juice 30 minutes before
detorsion; D: OJ, healthy rats received 40 mg/kg of onion juice. Note
2. Scale bar: X100 (100 pM)
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Figure 2: Comparison of Testosterone Levels in All Studied Groups.
Note 1. Sham, control group without the application of torsion; TD,
testicular torsion/detorsion group; TDOJ, testicular torsion/detorsion,
then received 40 mg/kg of onion juice 30 minutes before detorsion;
0J, healthy rats received 40 mg/kg of onion juice
Note 2. The asterisk (*) and symbol (a) demonstrate significant
difference with the sham and TD groups, respectively. *(P<0.05)

Serum Testosteron Levels

Parameters of Sperm

Semen analysis in all of the studied groups revealed that
there was a significant decrease in the number of sperm
in G2 as compared with G1 while in therapeutic groups
as compared to G2, it increased significantly (P<0.02).
Furthermore, evaluating the morphology of the sperm in

Table 2. Comparison of Sperm Parameters in All the Studied Groups

different groups indicated that the percentage of abnormal
sperm was higher in torsion/detorsion group than that of
the sham group. However, in TDOJ and OJ groups, the
percentage of abnormal sperm decreased compared to the
torsion/detorsion group (P<0.001). Besides, assessment
of sperm motility showed that it was significantly lower
in G2 than GI, but it increased (P<0.001) in the treated
groups (Table 3, Figure 3).

The Rate of Pregnancy and the Number of Embryos

The pregnancy rate through insemination of sperm in the
sham and testicular torsion/detorsion groups revealed that
all rats in the sham group were pregnant while in TD group,
only one rat, among others, was pregnant; therefore, a
significant decrease was observed (P<0.02) in this regard.
Moreover, after counting the number of embryos in TD
group, a significant difference was observed compared to
the sham group (P<0.01). Furthermore, in TDOJ group, 5
rats out of all (n=7) were pregnant while in OJ group, all
the rats (n =7) were pregnant; hence, the rate of pregnancy
in TDOJ and O] groups was significantly higher (P <0.02)
than TD group (Table 4, Figure 4).

Discussion

Testicular torsion is one of the main causes of urologic
emergency. At the moment, in order to preserve this
condition and also preservation of the testis and fertility,
quick diagnosis as well as surgical procedure to detorsion
are needed (23). The injury of testicles induced by IR

fa

. b, ;
L i . \ 100 uM
e (it |

Figure 3. Morphology of the Sperm. Note 1. Symbols a and b show
normal and abnormal sperms, respectively; Note 2. Scale Bar: X100
(100 pM).

s Concentration Normal Morphology Normal Motility
(Mean £ SEM) (Mean £ SEM) (Mean £ SEM)
Sham 30.45+2.11 65.65% + 5.08 63.11% £ 2.31
D 13.25+3.24° 18.35% +2.35" 17.62% + 3.49°
TDOJ 23.55+2.17° 54.34% + 4.21° 52.71% + 2.21°
(o]} 36.36 + 1.08° 68.46% * 2.08° 65.34% + 3.14°

Note 1. Sham, control group without the application of torsion; TD, testicular torsion/detorsion group;TDOJ, testicular torsion/detorsion, then received
40 mg/kg of onion juice 30 minutes before detorsion; OJ, healthy rats received 40 mg/kg of onion juice.
Note 2. The asterisk (*) and symbol (a) represent significant difference with the sham group and TD groups, respectively. *(P<0.05)
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Table 3. Comparison of Intrauterine Insemination Results in All the Studied Groups

Groups Pregnancy Rate Number of Embryo in Left Horne Number of Embryo in Right Horne
Sham 100% 4+0.81 4+0.86

D 14.28% 0.14 +0.37" 1+0.89"

TDOJ 71.42% 1.85+1.46* 1.85+1.342

(o]} 100%? 4.42 +1.27° 4.71+0.75°

Note 1. Sham, control group without the application of torsion; TD, testicular torsion/detorsion group; TDOJ, testicular torsion/detorsion, then received
40 mg/kg of onion juice 30 minutes before detorsion; OJ, healthy rats received 40 mg/kg of onion juice.
Note 2. The asterisk (*) and symbol (a) denote significant difference with the sham group and TD groups, respectively. *(P<0.05)

Table 4. Blood Levels of SOD (U/mL), GPX (U/mL), MDA (nM) in Different Groups of the Study

T SoD GPx MDA

(Mean £ SEM) (Mean * SEM) (Mean * SEM)
Sham 2.07+0.11 22.74+5.11 1.78+0.11
™ 0.97 £ 0.09" 9.34+7.32" 2.72+£0.29
TDO! 1.75+0.17° 18.24 +4.21° 1.43 £ 021°
o) 2.11 +£0.08° 23.76 + 6.08* 1.42 +0.14°

Note 1. Sham, control group without the application of torsion; TD, testicular torsion/detorsion group; TDOJ, testicular torsion/detorsion, then received
40 mg/kg of onion juice 30 minutes before detorsion; OJ, healthy rats received 40 mg/kg of onion juice.
Note 2. The asterisk (*) and symbol (a) show significant difference with the sham group and the TD groups, respectively. *(P<0.05)

had been considered as the main pathophysiology of
testicular torsion (23). The IR damage can induce a
pathophysiologic cascades containing inflammatory
responses with extrication of cytokines as well as ROS
production (24). One research showed that severity of
ischemic histological damage had a direct relationship
with the duration and degree of torsion (25). Previous
researches on testicular torsion in adult rats demonstrated
that duration of 4 hours, 720° rotation of the spermatic
cord, and detorsion caused a significant overproduction
in the levels of nitric oxide content, lipid peroxidation,
and myeloperoxidase activity (an indicator of neutrophil
accumulation) in the testicles (20,21,26). This resulted in
the permanent loss of spermatogenesis (27). It has been
reported that ischemia followed by reperfusion can induce
tissue damages by several mechanisms including increased
level of ROS and diffusion of inflammatory factors
such as diffusion of apoptotic caspase cascade enzymes

Figure 4. 1UI, Intrauterine Insemination in Adult Female Rats.

by decreasing the blood flow (26). Similarly, Yulug et
al reported that ischemia (for 4 hours) and afterward
reperfusion injury (for 24 hours) could cause testicular
tissue damage (26). Therefore, according to previous
studies, the ischemia period was selected 4 hours with 14
days reperfusion. Furthermore, findings of the present
study showed that 720 degree ischemia (for 4 hours) and
afterward reperfusion (for 14 days) led to severe edema
and density of blood vessels. In addition, histopathological
examinations revealed that testicular torsion/detorsion
resulted in degeneration of germ cells layers and decrease
of Johnson’s score, the diameter of seminiferous tubules,
and the thickness of the epithelium of seminiferous
tubules. According to the degenerative damages in
testicular tissue induced by torsion/detorsion, it was
observed that serum levels of testosterone significantly
decreased in testicular torsion/detorsion group. This
phenomenon was probably related to the overproduction
of ROS, apoptosis of germ cells, and/or injury to the Leydig
cells of the testis (26,27). In addition, in the previous study
by the authors of the present research, testicular torsion
(for 5 hours) followed by detorsion could decrease the
serum levels of testosterone (20). In the present study, it
was also observed that testicular torsion/detorsion caused
a decrease in the quality of sperm including motility and
the count of sperm. Moreover, the number of abnormal
sperm increased in TD group; this was maybe related to
the decrease of testosterone level, apoptosis in testicular
germ cells and also ROS production. The results of the
current study are in agreement with the findings of the
study by Visser et al which showed that testicular torsion
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(for 4 hours) and subsequent reperfusion decreased
the quality of sperm (28). Furthermore, Kurcer et al in
their study found that testicular ischemia/reperfusion
decreased the quality of sperm including a reduction in
sperm concentration and an increase in the number of
sperm with abnormal morphology and motility (29).
Besides, in the present study, following testicular torsion/
detorsion, fertility power by IUI, the rate of pregnancy,
and also the number of embryos were measured. However,
the pregnancy rate and the number of embryos were
significantly decreased in testicular torsion/detorsion
group. This probably occurred due to the reduction of
serum testosterone level and sperm quality. Additionally,
several studies have shown that ROS had deleterious effects
on spermatogenesis and sperm function. In other words,
the overproduction of ROS could lead to the reduction of
sperm concentration and sperm quality (4,7,8).

In the present research, measuring the generalized
OS markers (i.e., MDA, SOD, and GPx), the results
showed that testicular torsion/detorsion increased the
lipid peroxidation (serum level of MDA) and decreased
the activities of superoxide dismutase and glutathione
peroxidase. Several studies have confirmed that testicular
torsion/detorsion increased the OS marker and reduced
the levels of antioxidant enzymes (24,26,27).In addition,
the results of the previous study by the present researchers
showed that testicular torsion (for 5 hours) followed by
detorsion increased MDA level and decreased the SOD
and GPx activities (20).

The findings of this study demonstrated that onion juice
could protect the testis tissue against damages induced
by testicular torsion/detorsion. In this regard, the mean
Johnson’s score, the diameter of seminiferous tubules, and
the thickness of the epithelium of seminiferous tubules
in treated groups that received onion juice significantly
increased as compared to the testicular torsion/detorsion
group. It is suggested that antioxidant properties of onion
juice and its compounds such as phenolic compositions
and flavonoids can prevent overproduction of ROS (30).
In the same vein, some studies reported that extract of
onion could protect the testis tissue against oxidative
damages induced by permethrin (16,30). Besides, Ige
et al in their study showed that Allium cepa (AC) could
protect the testis tissue against cadmium toxicity (31). The
results of this study also demonstrated that onion juice
had an improving effect on serum levels of testosterone.
The quality of sperm such as the motility, count, and the
percentage of normal morphological sperm increased
as well. These phenomena may have occurred due to
protective effects of onion juice against the damage of the
Leydig cells (30). Similarly, one study indicated that onion
juice had a positive impacts on the sexual hormones in rats
treated with the antiepileptic drug. It also could increase
the fertility power (32). In the current study, evaluating
the fertility power, it was found that pregnancy rate in

TDOJ and OJ groups increased in comparison with the
testicular torsion/detorsion group. In agreement with the
results of the present study, khaki et al also reported that
the use of onion juice could increase the concentration
and motility of sperm and decrease the percentage of
sperm with abnormal morphology (16,30,32).

The results of the present study showed that onion juice
resulted in a decline of lipid peroxidation (serum level of
MDA) and an increase in (SOD and GPx activities. Several
studies have confirmed that AC extract can reduce the OS
and increase the level of the antioxidant enzyme (33,34).

Conclusions

According to the findings, it was found that testicular
torsion/detorsion, as a wurological and emergencial
condition, caused testis tissue damage and increased
lipid peroxidation level. Moreover, this situation led to a
decrease in serum levels of testosterone, sperm quality,
and male fertility power. Therefore, it can be concluded
that male infertility was one of the most important side
effects of testicular torsion followed by detorsion. In
addition, consumption of onion juice could protect the
testis tissue against damages induced by testicular torsion/
detorsion and increase fertility power of men.
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