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Evaluation of Oxidative Stress in Testis and Sperm of Rat Following Induced Varicocele

Naeem Erfani Majd"**, Niloofar Sadeghi®, Marziyeh Tavalaee®’, Mohammad Reza Tabandeh*?,

Mohammad Hossein Nasr- Esfahani’

Purpose: Oxidative stress (OS) plays a central role in the pathophysiology of varicocele (VC), however, com-
prehensive studies concomitantly assessing semen parameter along with chromatin status, oxidative stress, and
enzymatic antioxidants in both testis and sperm are limited. Therefore, this study aims to assess these parameters
in varicocelized rats.

Materials and Methods: For this study, 30 Wistar rats were randomly divided into three groups: Control group
(I); sham-operated group (II) and left varicocele group (III). Left varicocele was induced and two months after
surgery, we evaluated sperm parameters, persistent histone, DNA integrity and lipid peroxidation in sperm and also
oxidant/antioxidant markers in testis.

Results: The results showed that sperm concentration, motility, and normal morphology significantly decreased
in varicocele group compared to other groups (P < 0.001). Also, we observed a significant increase in persistent
histone and DNA damage of sperm cells in varicocele rats (P < 0.05). In addition, oxidant assessment analysis
showed that ROS level was higher in testis tissue and sperm cells from the left varicocele rats compared to the
control group (P < 0.05).

Conclusion: This results show that varicocele has a negative effect on spermatogenesis and increased oxidative
stress and reduce in antioxidant capacity hand in hand lead to the production of sperm with damaged chromatin
which reduces the fertility potential and may jeopardize the future health of the progeny.
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INTRODUCTION mals have evolved to maintain their testes at low tem-
peratures.® In varicocele, dilation of the pampiniform
. . . . lexus leads to backflow of warm blood into the internal
male infertility which occurs in 4.4% to 22% of Epermatic vein which impairs testicular temperature ex-
the male population and is described as the dilation and  chp0e system. So, failure to adjust scrotal temperature
tortuosity of plexus pampiniformis (especially inthe left 54 jncreased testicular temperature of around 2.5°C,
testis) and leads to some pathological problems in the  yoq)t in testicular heat stress which affects spermato-
testis tissue. =) The pathogenesis of varicocele- related genesis, and subsequently increase of oxidative stress
infertility is not completely defined, although there are (0S), accumulation of réactive oxygen spices (ROS),
numerous hypothesis such as scrotal hyperthermia, 0X- i quction of germ cell apoptosis and DNA fragmenta-
idative stress, hypoxia, hormonal disturbances, testicu- 5, (both germ cell and epididymal sperm) as well as
lar hypo-perfusion, testicular hypoxia, and backflow of 1 Jimonal imbalance. ™
toxic metabolites to explain the correlation of varico- Generally, OS is due to an imbalance of ROS and pro-
cele and infertility. But the .m(isst) confirmed mechanism  (ective antioxidant system. Interestingly, testis tissue
is the testicular hyperthermia."” Indeed, the male scro- ;¢ extremely vulnerable to oxidative stress because of
tum temperature is kept 1-2°C lower than core body 6 main reasons: (I) the existence of abundant un-
temperature. Reduced scrotal temperature compared  gapyrated fatty acids in the plasma membrane of cells
to body temperature is necessary for proper testicular (1) the presence of potential reactive oxygen species
function. But it is still obscure why most of the mam- (ROS)-generating systems with low enzymatic anti-

aricocele is one of the most common causes of
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oxidant capacity due to low cytoplasm of sperm."” In-
deed, a physiological level of ROS usually produces by
some of the cells like somatic cells and spermatozoa
as a byproduct of the electron transfer chain in mito-
chondria. The main types of ROS are H O, and O, and
antioxidants like glutathione peroxidase (zGl?’x), catalase
(CAT), and superoxide dismutase (SOD) present in mi-
tochondria help to balance ROS. Both oxidants and an-
tioxidants are also present within the reproductive tract.
Y Although the normal physiological level of ROS is
essential for a successful fertilization such as regula-
tion of sperm hyperactivation, capacitation, acrosome
reaction and sperm-oocyte fusion, numerous studies
have demonstrated the harmful effects of excess ROS
on sperm function.*'? Leukocytes and abnormal sper-
matozoa are considered as important sources of ROS
generation. In addition, oxidative stress is able to dis-
rupt the steroidogenic ability of leydig cells and also
impairing the germinal epithelium to differentiate into
normal spermatozoa.'”

In view of the fact that oxidative stress is known as the
main factor in the pathophysiology of varicocele and
in the most cases, increase of ROS level and decrease
antioxidant capacity have been observed.*'*'¥ To the
best of our knowledge, this is the first study to evaluate
sperm parameters, chromatin status and also ROS level
in both testis and sperm of rats with experimentally in-
duced varicocele.

MATERIAL AND METHODS

Study population and Study design

30 mature, male Wistar rats, aged 4 weeks and weigh-
ing 150- 200 gram were used in this study. The rats
were obtained from the Institute for Biotechnology (Is-
fahan, Iran). This study received approval of the Insti-
tutional Review Board from the Royan Institute (NO:
97000110), and all the experiments conducted on the
animals were in accordance with Royan institute guid-
ance from the Ethical Committee for Research on Lab-
oratory Animals. Rats were maintained and housed in a
controlled environment (12 hours light, 12 hours dark at
24°C) with free access to the standard food and water.
Rats were randomly divided into 3 groups of 10. In the
first group, according to Ko, left-side varicocele was
induced surgically (varicocele group)."® Rats in group
1 underwent a sham laparotomy (sham group). And the
third group consists of untreated rats (control group).
Surgical technique and Outcome assessment

Each rat was anesthetized by an intraperitoneal injection
of ketamine and xylazine mixture. After induction of
standardized anesthesia, the left renal vein was exposed
and identified through a midline abdominal incision. In
order to reduce the renal vein diameter to 1 mm, a 4.0
silk suture was tied around the left renal vein medial
to the adrenal and spermatic veins. This occlusion led
to increased intravenous pressure lateral and then the
pressure is transmitted to the left spermatic vein. This
causes a varicocele to develop.

At the end of the second month, all rats in the control,
sham, and varicocele groups were sacrificed, and their
genital systems were collected. At first, the length,
width, thickness, and weight of the left testes were as-
sessed using caliper. Then, the dissected testes were
used for oxidant/antioxidant assessment. Samples were
weighed and placed phosphate-buffered saline (PBS;
Gibco-Europe, Uxbridge, Middlesex, UK) and homog-
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enized by a homogenizer. Subsequently, homogenized
tissues were centrifuged (three-time 10 min at 12000
rpm) and the supernatant was collected and stored at
-70°C until assay. In addition, the left epididymitis was
separated from the testis and after removing the blood
vessels, the epididymis was divided into three distinct
segments: caput, corpus, and caudal."” The caudal
segment was isolated and placed in a petri dish that
contained 5 mL of sperm washing media (VitaSperm,
Inoclon, Tehran, Iran). The sperm retrieved from the
caudal epididymis were evaluated for sperm concen-
tration, morphology, motility, DNA damage, and pro-
tamine deficiency.

Oxidant/antioxidant assessment in testis

For evaluation of enzymatic oxidants, total protein was
determined in tissue samples by Biuret method (Parsaz-
moon kit, Iran) and using BT-1500 autoanalyzer. The
activity of catalase (CAT) was measured at 37°C by
following the rate of disappearance of H O, at 240 nm.
% The activity of glutathione peroxidase (GPX) was
measured using a commercial kit (ZellBio GmbH, Ger-
many). Superoxide dismutase (SOD) activity was de-
termined using a commercial kit (Ransod-Randox Lab,
Antrim, UK). In addition, Malondialdehyde (MDA)
which is an important indicator of oxidative damage
was calculated in homogenized tissue by detecting the
absorbance of thiobarbituric acid reactive substances at
532 nm as an index of lipid peroxidation."”

Sperm parameters assessment

Sperm concentration and motility was determined with
the aid of a sperm counting chamber (Sperm meter;
Sperm Processor, Aurangabad, India) and light micros-
copy using prewarmed slides and also eosin/nigrosin
staining was used for morphology assessment. In brief,
sperm samples were washed in PBS afterward 30 pl of
the sperm suspension was mixed with 60 ul of eosin
(Merck, Darmstadt, Germany) for 3 min. Then, 90 pl
of nigrosin (Merck) was added to this mixture and used
to prepare the smears. We observed 200 sperm under
a light microscope and the percentage of abnormalities
visualized in the head, neck, and tail were determined
for each sample.®”

Evaluation of sperm chromatin condensation and
DNA damage using aniline blue and Acridine Or-
ange staining

Histones during the spermatogenesis are replaced by
protamines. Defected spermatozoa with poor protam-
ination are rich in lysine and stained by aniline blue
(AB) while normal spermatozoa with protamine- rich
nuclei are contained arginine and cysteine and cannot be
stained by this staining." So, for assessment of sperm
maturation, a drop of sperm sample was smeared, air-
dried and fixed for 120 min in 3% glutaraldehyde in 0.2
M phosphate buffer (pH = 7.2). when the smear was
dried, each sample was stained with 5% aqueous an-
iline blue mixed with 4% acetic acid (pH 3.5) for 90
minutes (pH = 3.5). Subsequently, for each sample, at
least 200 sperm were counted per slide by light micros-
copy and the rate of sperm with persistent histones was
determined.®”

For evaluation of sperm DNA damage, sperm sam-
ples were washed with PBS buffer and fixed with 4%
methanol-free formaldehyde. Afterward, slides were
stained with acridine orange stain (Merck) according
to Afiyani®®. Consequently, microscopic analyses of
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Table 1. Comparison of mean weight, volume, length, width, and thickness of left testis between control, sham and varicocele groups.

Variable ¢ Control Sham Varicocele P-value
Testis weight, gr; mean + SD 1.66 +0.08 1.63+0.13 1.5+0.16 >0.05
Testis volume, mL; mean + SD 1.59 £0.15* 1.66 = 0.23* 1.12 +0.30° <0.001 *
.04 #*
Testis length, mm; mean + SD 1.71 £0.07* 1.78 £0.07* 1.54+0.12° <0.001 *
012 **
Testis width ,mm; mean + SD 0.89 +0.08" 0.89 +0.05* 0.72+0.07 <0.001 *
<0.001**
Testis thickness, mm; mean + SD  0.70 + 0.08" 0.68 = 0.07° 0.48 + 0.06" <0.001 *
<0.001%*

Different letters indicate significant differences between groups at p < 0.05.
¢ Continuous variables were compared by One-way analysis of variance (ANOVA)

*Varicocele to Control
**Varicocele to Sham

Continuous variables were compared by One-way analysis of variance (ANOVA)

each slide were done using an Olympus fluorescent
microscope (BX51, Tokyo, Japan) by the appropriate
filters (460—-470 nm). The percentage of green (normal
double-stranded DNA) and orange/red (abnormal/dena-
tur%(g)DNA) fluorescence sperm per sample was count-
ed.

Oxidant assessment in sperm

Assessment of sperm lipid peroxidation was done ac-
cording to Aitken protocol.?” BODIPY Cl11 loading
BODIPY w 581/591 C11 (D3861, Molecular Probes)
was added to 2 X106 spermatozoa at a final concen-
tration of 5 mM and allowed to incubate for 30 min
at 37°C. Then, samples were washed twice with PBS
buffer at 650g for 5 min an evaluated by a FACSCali-
bur flow cytometer (Becton Dickinson, San Jose, CA,
USA). Positive controls were obtained after the addi-
tion of H202 to sperm suspensions.

Statistical Analysis

Data analysis was done using the Statistical Package
for the Social Sciences for Windows, version 18.0. The
Shapiro-Wilk test was performed to evaluate the normal
distribution and Levene’s test for equality of variances.
All results are presented as mean + SD. Differences
among groups were analyzed by One-way analysis of
variance (ANOVA) followed by Tukey HSD test to
identify significant differences among the three groups.
Means were considered statistically significant when P
<.05.

RESULTS

Comparison of morphometric parameters of testis
Measurement of testis length, width, thickness, weight,
and volume of each group are presented in Table 1.

These parameters significantly reduced in varicocele
group compared to control and sham groups (P < .05)
except testis weight. Comparison of the aforementioned
parameters showed no significant difference between
sham and control groups.

Comparison of sperm parameters

Mean of sperm concentration were 115.2 + 8.28,99.3 +
9.49 and 62.8 = 12.84 in control, sham and varicocele
groups, respectively and a significant reduction was ob-
served between the varicocele compared to the control
(P <0.001) and sham (P = 0.005) groups (Table 2).
Mean percentage of sperm motility were 85.2 + 3.7,
78.8 £ 5.51 and 42.0 + 7.03 in control, sham and vari-
cocele groups, respectively and a significant reduction
was observed in varicocele group compared to the con-
trol (P <.001) and sham (P = .04) groups (Table 2).
Mean percentage of abnormal sperm morphology were
6.0+ 1.82,8.0 £ 1.33 and 9.6 = 1.07 in control, sham
and varicocele groups, respectively and a significant re-
duction was observed between the varicocele compared
to the control (P < .001) and sham (P = .012) groups
(Table 2).

For the aforementioned parameters, no significant dif-
ference was observed between the control and sham
groups.

Comparison of sperm chromatin condensation,
DNA damage, and lipid peroxidation

The result of aniline blue staining in Table 3 showed
that the percentage of sperm with persistent histone was
significantly (P < .05) higher in varicocele group (9.1 +
4.69) compared to control (4.2 £ 1.27) and sham (5.8 +
2.37) groups while no difference was observed between
the control and sham groups (P > .05).

Table 2. Comparison of sperm parameters between control, sham and varicocele groups.

Variable Control Sham Varicocele P-value
Concentration, 10°mL; mean + SD 115.2 +8.28° 99.3 +9.49° 62.8 +12.84° <0.001 *
005 **
Motility, %; mean + SD 85.2 +3.70* 78.8+5.51* 42.0+7.03" <0.001 *
.04 %
Abnormal morphology, %; mean + SD 6.0+ 1.82° 8.0 +1.33° 9.6+1.07° <0.001 *
012 **

Different letters indicate significant differences between groups at p < 0.05.
¢ Continuous variables were compared by One-way analysis of variance (ANOVA)

*Varicocele to Control
**Varicocele to Sham
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Table3. Comparison of mean percentage sperm with persistent histone, DNA damage, and lipid peroxidation between groups.

Variable ¢ Control Sham Varicocele P-value
persistent histone, %; mean + SD 42+1.27° 5.8 £2.37* 9.1 +4.69° .02 *
ok
DNA damage, %; mean + SD 40.4 £22.55° 39.4+12.45° 52.7+18.77° g; *
ok
lipid peroxidation, %; mean + SD 6.7 +4.62° 7.9+53" 39.7 +4.78" f?).OOl *
<0.001 **

Different letters indicate significant differences between groups at p < 0.05.
¢ Continuous variables were compared by One-way analysis of variance (ANOVA)

*Varicocele to Control
**Varicocele to Sham

Assessment of DNA damage by acridine orange stain-
ing in Table 3 showed that percentage of sperm DNA
damage was significantly (P < .05) higher in varico-
cele induction (52.7 + 18.77) group compared to con-
trol (40.4 £ 22.55) and sham (39.4 £ 12.45) while no
difference was observed between the control and sham
groups.

Assessment of lipid peroxidation level by BODIPY C11
in Table 3 showed that the percentage of Bodipy C11
positive spermatozoa for lipid peroxidation was signif-
icantly (P <0.05) increased in varicocele group (39.7 +
4.78) compared to control (6.7 + 4.62) and sham (7.9 +
5.3) groups while no difference was observed between
the control and sham groups.

Comparison of antioxidant status

The results of testicular antioxidants assessment in this
study are shown in Table 4. The level of CAT was
significantly (P < .05) lower in varicocele group (7.24
+ 1.23) compared to control (15.67 = 3.36) and sham
(15.64 £+ 3.61) groups while such difference was not
observed between the control and sham groups. In addi-
tion, the level of SOD was significantly (P <.05) lower
in varicocele group (0.22 + 0.03) compared to control
(0.5 £0.11) and sham (0.55 + 0.05) groups while such
difference was not observed between the control and
sham groups. Similar to CAT and SOD, the level of
GPX was significantly (P < .05) lower in varicocele
group (1.89 + 0.72) compared to control (4.86 + 0.64)
and sham (5.8 = 0.05) groups while such difference was
not observed between the control and sham groups. Fur-
thermore, the level of MDA as a marker of lipid perox-
idation was significantly (P < .05) higher in varicocele
group (0.83 £ 0.15) compared to control (0.26 + 0.08)
and sham (0.23 + 0.04) groups while such difference
was not observed between the control and sham groups.

DISCUSSION

In accordance with the results of the current study and
previous studies, increased testicular temperature due
to varicocele results in reduction of testis weight and
testicular volume and these reductions can be related
to loss of germ cells by apoptosis with the high mitotic
activity which is highly sensitive to hyperthermia.®-*%
Germ cells can incur damage by main mediators such as
apoptosis, autophagy and, oxidative stress. In view of
the fact that heat stress is involved in the induction of 0x-
idative stress within the testis and the close relationship
between heat exposure and ROS generation has been
confirmed in various studies.">?> Therefore, increased
lipid peroxidation observed by Bodipy staining and
malondialdehyde formation is consistent with the result
of this and previous studies.®***” Over production or
under production of these ROS, termed “oxidative” or
“reductive” stress, respectively, are both considered to
negativel?/ influence normal sperm physiological func-
tions.®**” However, cells to contest with overproduc-
tion of ROS has become highly equipped with different
forms of antioxidants.®” SOD, catalase and, GPX are
three enzymatic antioxidants which protect cells from
oxidative stress. SOD is present both in mitochondria
and cytoplasm and its main role is to reduce superoxide,
the main ROS produced through cellular oxygen metab-
olisms to hydrogen peroxide which in turn is reduced
to O, and water by either catalase or GPX to protect
cells” from damaging effects of these oxygen species.
Therefore, a balance between the oxidant-antioxidant
system permits the beneficial oxidants to perform their
normal cellular functions and concurrently limits the
detrimental effects of excess oxidative stress.®" How-
ever, the condition gets aggravated in presence of traces
of metals (such as iron, copper or zinc), superoxide and
hydrogen peroxide which work hand in hand to form
hydroxyl radicals (OH-) in a reaction called Haber-

Table 4. Comparison mean of CAT, SOD, and GPX activity, and also MDA level between groups

Variable Control Sham Varicocele P-value
Catalase, p/mg Protein; mean + SD 15.67 +3.36" 15.64+3.61° 7.24+1.23° .004 *
.002%%*
SOD , p/mg Protein; mean + SD 0.5+0.11° 0.55+0.05° 0.22+0.03" 019 *
015 **
GPX, IU/mg Protein; mean = SD 4.86 = 0.64° 5.8+£0.05" 1.8940.72° .004 *
.002 **
MDA, nmol/mg Protein; mean + SD 0.26 +0.08" 0.23 +£0.04* 0.83+0.15° .004 *
.005 **

Different letters indicate significant differences between groups at p < 0.05.
¢ Continuous variables were compared by One-way analysis of variance (ANOVA)

*Varicocele to Control
**Varicocele to Sham
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Weiss. These radicals are considered to be highly toxic
and damaging to cellular functions. An imbalance in the
chain of reduction of superoxide, to hydrogen perox-
ide and consequently to oxygen and water may prone
cells to oxidative stress which as stated, the damage be-
comes intensified in presence of traces of metals.”” To
observed the status of these enzymes in testis of a rat
with varicocele, the content or activities of SOD, cata-
lase, and GPX enzymes were assessed in the left testis
of these rats and the results were compared with cor-
responding controls. The results revealed that the anti-
oxidant activity or the content of the three antioxidant
enzymes significantly reduced in the varicocele group
compared to sham or control groups. Taken together
the results of this study concomitant with other studies
in the literature®*** demonstrate that the content or the
activity of these enzymes (SOD, catalase, and GPX) are
reduced in state of varicocele which may account for
increased rate of lipid peroxidation assessed by Bodipy
and malondialdehyde formation and increased DNA
damage assessed by acridine orange staining.

In addition, oxidative stress and elevated temperature
hinder the rate of histone/protamine exchange which
makes sperm nuclear DNA more sensitivity to ROS
damages.®” Indeed, observed increase in the percent-
age of aniline blue-positive spermatozoa, indicating
the excessive presence of histones, and increased rate
of DNA damage strengthens the association between
hinder histone/protamine exchange and DNA damage
in the state of varicocele which is in line with previ-
ous reports.***” To reduce the chance of fertilization
by DNA damaged sperm, epididymis has become
equipped by a system called “ubiquitin-proteasome
system” that remove damaged sperm. Miss-folded or
damaged structures and proteins present on the sperm
surface are recognized and become ubiquitinated which
Prone the labeled sperm to phagocytosis by epididymis.
D The process by which damaged sperm bypass these
barriers is called abortive apoptosis and this process ap-
pear to be active in the state of varicocele.*” The main
reason for ROS associated sperm DNA damage might
be the activation of mitochondria in caudal epididymis
which derives both ATP and ROS production. Produc-
tion of the excessive amount of superoxide by mito-
chondria become converted to hydrogen peroxide by
both mitochondrial and cytoplasmic SOD, H O_ can
freely leave these structure and become entangfed2 with
lipids within and between spermatozoa to induce lipid
peroxidation and the formation of lipid adducts such
as 4 hydroxynonenal, acrolein, and malondialdehyde.
These adducts interact with nucleophilic sensitive pro-
teins especially succinic acid dehydrogenase within the
mitochondria which further aggravate ROS production
and subsequently induce a vicious cycle for production
ROS.®9 The vicious cycle of ROS production become
detrimental in presence of traces of metal elements and
reduce the enzymatic antioxidant capacity of sperm
which is intensified in state varicocele, and eventu-
ally lead to the execution of apoptosis and cell death.
Therefore, increase rate of malondialdehyde formation
and lipid peroxidation, reduced enzymatic antioxidant
capacity in the state of varicocele in our model, inten-
sifies the possible activity of this vicious cycle of ROS
production in the state of varicocele. Lipids, in the form
of polyunsaturated fatty acids (PUFAs), are considered
as a central part of the fluidity of membrane layers, es-

pecially in sperm as a highly motile cell.®® Approxi-
mately 60% of the fatty acid is lost from the membrane
while the lipid peroxidation cascade occurs in the sperm
and affects sperm function by reduction of its fluidity,
mobility, increasing non-specific permeability to ions,
and inactivating membrane-bound receptors and en-
zymes."? Therefore, increased in LPO assessment by
BODIPY and MDA formation (Table 3) may account
for the notable decrease in motility due to alterations in
the membrane and also increases of sperm DNA frag-
mentation.

So judging by the recent studies and our results, the re-
lationship between varicocele and OS are proven by de-
tecting the higher ROS and lipid Feroxidation product
like MDA in varicocele status.">*? Moreover, the nega-
tive effects of lipid peroxidation in membrane structure
can influence the ability of spermatozoa to take place
in the membrane fusion events relevant to fertilization.
Overall, there is evidence in the literature that defec-
tive sperm function is commonly induced by oxidative
stress, affect sperm motility by lipid peroxidation, DNA
integrity by base oxidation and capability for sperm-oo-
cyte to fuse by the formation of adducts.®**

In conclusion based on literature background study,
varicocele through different route including testicular
hypoxia, increase of scrotal temperature and reflex of
metabolites can lead to elevated levels of ROS which
through lipid peroxidation, DNA fragmentation and
induction of apoptosis can as well as reduced antioxi-
dant capacity impair sperm functional characteristics,
seminal parameters and consequently decrease of male
reproductive potential. Therefore, concomitant assess-
ment of these parameters may provide more insight in
mechanism involved in varicocele male infertility and
may help the specialist in this filed to provide therapeu-
tic approach based on molecular mechanism defined in
these models.
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