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Abstract
Background: Varicocele, the abnormal dilatation of the veins in the pampiniform plex-
us is commonly seen in infertile patients. In this study, we aim to examine sperm DNA 
damage after the creation of experimental varicocele in rats and to observe the change 
of this damage after a varicocelectomy.

Materials and Methods: In this experimental study, a total of 30 adult male Wistar albino 
rats were divided into three groups. The 10 rats in group 1 underwent a sham operation, an 
experimental varicocele was created in both the10 rats in group 2 and the 10 rats in group 3 (a 
total of 20 rats). While the rats of group 2 were sacrificed after four weeks, the rats in group 3 
underwent a varicocelectomy after four weeks and were sacrificed four weeks after the varico-
celectomy to observe its effects. Sperm DNA fragmentation was assessed with a Halomax® 
kit. The DNA Fragmentation Index (DFI) was calculated and the groups were compared ac-
cording to their DFI. Statistical analysis was performed using the Mann-Whitney U test.

Results: Median sperm DFI was 17.6 (range: 7.6) in the right testicle and 18.3 (range: 6.8) 
in the left testicle in the control group; 30.7 (range: 8.8) in the right testicle and 31.8 (range: 
9.6) in the left testicle in the varicocele group; 27.1 (range: 8.1) in the right testicle and 28.6 
(range: 8.9) in the left testicle in the varicocelectomy group. DNA damage in both right and 
left testicles was statistically significant between the three groups (p<0.05).

Conclusion: The results of this study show that varicocele leads to increased sperm 
DNA damage and this damage is decreased by varicocelectomy. 
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Introduction

Varicocele is the abnormal dilatation of the veins 
in the pampiniform plexus. While its incidence is 
reported to be 4.4-22.6% in the general population, 
an incidence of 21-41% in infertile patients and 
75-81% in secondary infertile patients has been re-
ported (1). Although varicocele has been described 
for more than one hundred years, the mechanisms 
by which varicocele causes infertility are still un-
clear (2). The effect of varicocele on fertility prob-
ably results from a multifactorial interaction in 
which more than one mechanism are involved (3).

Several theories have been suggested to explain 
the relationship between varicocele and infertility. 
The theories accepted include: the increase of arte-
rial blood flow and testicular temperature caused 
by varicocele (4); venous, stasis, renal, and adre-
nal toxic metabolites (5); the decrease of intrates-
ticular and/or peripheral testosterone level caused 
by varicocele (6); and increased DNA damage ob-
served in patients with varicocele (7).

In the last phase of spermatogenesis, spermatid 
nuclear remodeling and condensation is associated 
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with the displacement of nuclear histones by tran-
sition proteins and then by protamines. Protamines 
provide sperm head condensation and DNA stabi-
lization and allow for denser packaging of DNA 
in spermatozoon than histones (8). Impaired sper-
matogenesis may cause the production of sperma-
tozoa with highly damaged DNA (9, 10).

While the incidence of sperm with DNA damage is 
approximately 10% in fertile males, the correspond-
ing rate is about 20-30% in infertile males (11, 12). 
Although there are studies reporting that sperm  DNA 
damage has no effect on pregnancy rates, some stud-
ies report that high sperm DNA damage leads to a 
decrease in pregnancy rates, including spontaneous 
pregnancy and pregnancy after assisted reproduction 
(13-15). Information obtained from humans about 
this issue is limited due to ethical reasons, such as the 
inability to perform testicular biopsy on every patient.  
In this study, we aim to examine sperm DNA dam-
age after the creation of experimental varicocele in 
rats and to observe the change of this damage after 
varicocelectomy.

Materials and Methods
 In this experimental study, after obtaining ap-
proval from the Ethics Committee, a total of 30 
adult male Wistar albino rats were randomized into 
three groups. In group 1, 10 rats underwent a sham 
operation and were classified as the control group. 
Experimental varicoceles were created in both the 
10 rats in group 2 and the 10 rats in group 3 (a total 
of 20 rats), using the method described by Saypol 
et al. (16). When the rats of groups 2 and 3 were 
being reoperated, the diameter of the spermatic 
vein was measured. If the spermatic vein diameter 
was at least 1 mm, the varicocele was considered 
to be successfully created (17).

 After four weeks the rats in group 2 were sacri-
ficed, while the rats in group 3 underwent a vari-
cocelectomy and were sacrificed four weeks later 
to observe the effects of the varicocelectomy. The 
total number of rats was maintained by replacing 
the rats that did not develop a varicocele or those 
that died before the sacrifice with new ones.

All rats were fed using standard 8 mm pellet feed 
and maintained in a constant environment with 
a 12: 12 hour light: dark cycle. All animals were 
given ad libitum water and feed. Room tempera-
ture was 22 ± 2˚C and humidity rate was 50 ± 10%.

Creation of experimental varicocele model
The surgical procedure was performed according to 

rules of antisepsis. The body temperature of the ani-
mals was monitored with a rectal thermometer; we at-
tempted to maintain the temperature be kept at 37˚C.

The rats were weighed. For general anesthesia, ket-
amine (10 mg/100 g) and chlorpromazine (1 mg) was 
administered intraperitoneally.

In the rats that underwent the experimental varico-
cele, an 0.8 mm-thick metal wire probe was placed 
along the renal vein. A 4-0 silk suture was ligated 
around the renal vein and metal wire probe. When 
the metal wire probe was removed, a nearly 50% nar-
rowing of the renal vein was observed. After tying the 
ligature the probe was removed, which produced  an 
approximately 50% decrease in renal vein diameter. 
In the sham group, the rats underwent a similar proce-
dure, but we did not ligate the renal vein.

After four weeks we checked for the occurrence 
of varicocele. At the end of four weeks, dilated left 
spermatic veins were seen in 18 of 20 rats that under-
went laparotomy. In 10 rats, dilated spermatic vein 
was ligated using 4/0 silk and cut (varicocelectomy). 
Tunica albuginea was opened at the fourth week in 
groups 1 and 2. In the eighth week in group 3, tunica 
albuginea was opened, testicular tissue was obtained, 
and the rats were sacrificed by cervical dislocation. 
The testicular tissue samples obtained were put in hy-
droxyethyl piperazineethanesulfonic acid (HEPES) 
buffered medium (G-IVF, Vitrolife, Sweden).

Sperm DNA fragmentation assessment
Sperm DNA fragmentation was assessed with a 

Halomax® kit (Halotech DNA, Spain). An aliquot 
of testicular tissue was diluted to 15-20×106/ml in 
phosphate-buffered saline (PBS). Agarose (in eppen-
dorf tubes provided with the kit) was placed in a water 
bath at 95˚C -100˚C for 5 minutes to fuse the agarose, 
and then in a water bath at 37˚C until the temperature 
equilibrated. After 5 minutes of incubation at 37˚C, 25 
μL of the diluted tissue sample was added to a 50 µl 
agarose-filled eppendorf tube at 37˚C and mixed with 
the fused agarose. 1.5-2 μL of tissue-agarose mixture 
was pipetted onto slides precoated with agarose 
(provided in the kit) and then covered with a 24 
× 24 mm coverslip. The slides were placed on a cold 
plate in the refrigerator at 4˚C for 5 minutes to allow 
the agarose to produce a microgel that had the sperm 
cells embedded. The coverslips were removed and 
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slides were immersed horizontally in a lysis solution 
(LS) prepared by mixing 7 μL of reducing agent (RA) 
with 1 mL of base lysis solution (BLS) provided in the 
kit and incubated for 5 minutes. After washing for 5 
minutes with distilled water, the slides were dehydrat-
ed in increasing concentrations of ethanol (70-100%) 
for 2 minutes and then left to dry. Slides were stained 
with a mixture of Wright’s staining solution (Merck, 
Germany) and PBS (Merck, Germany) (1:1) for 5-10 
minutes, washed with water, and then dried. A total of 
100 spermatozoa per sample were analyzed by bright-
field microscopy (×100 objective). Sperm with large, 
spotty halos of chromatin dispersion were classified 
as ’spermatozoa having DNA fragmentation' and 
those with small, compact halos of chromatin dis-
persion were classified as ’spermatozoa having no 

fragmentation'. DNA Fragmentation Index (DFI) 
was calculated and the groups were compared for 
DFI.

Statistical analysis
All data were analyzed by SPSS software (Version 

13.0, SPSS Inc., Chicago, IL, USA). Statistical analy-
sis was performed using the Mann-Whitney U test. 
P<0.05 was considered statistically significant.

Results
After staining the slides with Wright’s solution 

some of the sperm cells presented a halo structure, 
which indicated the presence of fragmented DNA; 
some had no halo (DNA intact; Figs 1, 2). 

Fig 1: Sperm cells with DNA fragmentation seen with the halo structure surrounding the head.

Fig 2: Sperm cells with no DNA fragmentation seen without the halo structure surrounding the head.
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Median sperm DFI was 17.6 (range: 7.6) in the 
right testicle, 18.3 (range: 6.8) in the left testicle, 
and 18.3 (range: 7.9) in both testicles of the con-
trol group. No statistically significant difference 
was found between the right and left testicles in 
the control group (p>0.05).

Median sperm DFI was 30.7 (range: 8.8) in the 
right testicle, 31.8 (range: 9.6) in the left testicle, 
and 31.8 (range: 10.1) in both testicles of the vari-
cocele group. No statistically significant difference 
was found between the right and left testicles in the 
varicocele group (p>0.05).

Median sperm DFI was 27.1 (range: 8.1) in 
the right testicle, 28.6 (range: 8.9) in the left tes-

ticle, and 27.1 (range: 9.0) in both testicles of the 
varicocelectomy group. No statistically significant 
difference was found between the right and left 
testicles in the varicocelectomy group (p>0.05).

A statistically significant difference was found 
between the three groups in terms of sperm DFI in 
both the right and left testicles (Table 1).

Because there was no significant difference be-
tween right and left testicles in the three groups, the 
differences between the control and varicocele groups 
(p=0.028), control and varicocelectomy groups 
(p=0.036), and varicocele and varicocelectomy 
groups (p=0.048) were statistically significant when 
the right and left testicles were evaluated together.

Table 1: Sperm DNA fragmentation rates 

P value Varicocelectomy group Varicocele group  Control group

(n=10)(n=10)(n=10)

RangeMedianRangeMedianRangeMedian

<0.05*8.127.18.830.77.617.6Right testicle
<0.05*8.928.69.631.86.818.3Left testicle

<0.05*9.027.110.131.87.918.3Both testicles

>0.05>0.05>0.5P value

* P values of right (R), left (L), and both (B) testes. Control group-varicocele group: p=0.026 (R), p=0.028 (L), p=0.028 (B); Con-
trol group-varicocelectomy group: p=0.032 (R), p=0.032 (L), p=0.036 (B); Varicocele group-varicocelectomy group: p=0.046 
(R),  p=0.046 (L), p=0.048 (B).

Discussion
The relationship between varicocele and infertility 

has not been fully elucidated. All patients with vari-
cocele are not infertile and all patients who undergo 
varicocelectomy do not become fertile. Although it 
has been known for many years that varicocele may 
impair spermatogenesis (18), this information is not 
enough to explain the association between varico-
cele and infertility. It has been reported that increased 
testicular temperature and reactive oxygen species 
(ROS) levels observed in varicocele might cause in-
creased sperm DNA damage (19). 

This study aimed to examine the effects of vari-
cocele and varicocelectomy on sperm DNA dam-
age. While no statistically significant difference 
was found between the right and left testicles in all 
three groups, a statistically significant difference was 
found in the three groups in terms of sperm DFI.

Marmar have suggested that a varicocele could be 
a secondary lesion that accompanies an underlying 

genetic disorder, which impairs spermatogenesis and 
contributes to infertility (3). Considering this hypoth-
esis, in our study we have divided the rats into three 
groups and compared the effects of varicocele and var-
icocelectomy on sperm DNA damage with each other 
and with the group that underwent the sham operation.

In the experimental varicocele model created by 
Barqawi et al. they evaluated apoptosis at the 7th, 
14th, and 28th day of the study in the testicles of rats 
and found maximum apoptosis on the 28th day (2). 
Fazlıoglu et al. reported that in the varicocelectomy 
model in rats, the apoptotic index was significantly 
decreased on the 21st day, which approximated to the 
level of the control group on the 28th day (20). In our 
study, we waited for a four-week period for the forma-
tion of varicocele, and another four-week period for 
recovery following varicocelectomy. In their experi-
mental varicocele model, Luo et al. have reported that 
some parameters (apoptosis index of Leydig cells and 
StAR mRNA levels) became significantly different 
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from the control group in the fourth week and some 
(apoptosis index of Leydig cells, StAR mRNA levels 
and intratesticular testosterone levels) in the eighth 
week, this may suggest that our four week period may 
have not have been adequate (21).

One of the interesting features of the varicocele is 
that, even in a unilateral varicocele, both testicles de-
velop damage (3). Gat et al., whose patients with uni-
lateral varicocele underwent physical examinations, 
reported the incidence of bilateral varicocele as 80% 
and suggested that bilateral damage might be attribut-
ed to this (22). However, in our study, the observation 
of increased sperm DNA damage in both testicles, de-
spite the formation of a left varicocele alone, suggested 
that bilateral testicular damage resulted from mecha-
nisms other than the presence of a bilateral varicocele.

The integrity of sperm DNA is important for male 
fertility potential. Evenson et al. have reported that 
the probability of spontaneous pregnancy was lower 
in couples in whom the sperm DNA damage rate was 
above 30% (23). In addition, it has been demonstrated 
that the rate of sperm with damaged DNA was higher 
in couples with pregnancies terminated due to miscar-
riage compared to fertile couples (24). Ahmadi et al. 
formed damaged DNA in hamster sperm using radia-
tion, and reported that sperm maintained its potential 
for fertilization regardless of the DNA damage if the 
damage rate was below 8%. In this case, DNA repair 
mechanisms of the ovum were involved and the preg-
nancy occurred; but if the damage rate exceeded 8%, 
the pregnancy resulted in a lower embryonic develop-
ment and a higher early pregnancy loss rate (25).

The sperm chromatin dispersion (SCD) test is a 
reliable method used to evaluate mammalian sperm 
DNA fragmentation (26-29). Halosperm is a new 
improved SCD test developed by Fernandez et al. 
(30). In our study, we have compared sperm DNA 
damage using a Halomax kit. DFI was calculated 
and the groups were compared according to DFI.

Diagnosis and follow up of infertile patients is gen-
erally performed using semen analysis. Although se-
men analysis provides valuable information, it has 
some limitations. Semen parameters show both bio-
logical, intra-, and inter-observer variations (31) and 
sperm quality is mainly evaluated based on motil-
ity and morphology. However, it has been demon-
strated that in infertile patients, sperm with normal 
morphology have high rates of DNA fragmentation 
(32). DFI provides additional information about the 
potential of fertility and shows less biological varia-
tion when compared to conventional semen analysis 
(33). Therefore in our study we have compared DFI 

scores and demonstrated that DNA damage was more 
prevalent in the group with varicocele compared to 
the sham group. As a result of varicocelectomy the 
damage decreased.

Although sperm DNA damage has been known for 
many years, the acceptable rate of sperm with DNA 
damage in humans is controversial. Evenson et al. 
have determined that the likelihood of spontaneous 
pregnancy was lower in couples with a DFI>30%, 
reasonable in couples with a DFI between 15-30%, 
and higher in those with a DFI<15% (23). Spanò et al. 
have reported that the incidence of spontaneous preg-
nancy was significantly decreased in the couples with 
a sperm DFI>40% (14) and Bungum et al. suggested 
that incidences of pregnancy and delivery following 
IUI were significantly higher in the couples with a 
sperm DFI<27% (15). 

It has been suggested that sperm DNA damage 
could be a late outcome of increased ROS levels, and 
therefore its resolution could take time (7, 34). Zini et 
al. have shown a statistically insignificant increase in 
the mean sperm concentration and percent of progres-
sive sperm motility after microsurgical varicocelec-
tomy, and a statistically significant decrease in sperm 
DNA damage (35). In addition, they have shown an 
improvement in sperm DNA integrity at the fourth 
month with continued improvement at the sixth 
month follow up after  varicocelectomy. In our study, 
sperm DNA damage showed a regression after vari-
cocelectomy, but did not reach the level of the sham 
group. This may be explained by either the short time 
interval that had passed after the varicocelectomy or 
the irreversible nature of the damage caused by the 
varicocele. This issue can be enlightened with future 
studies that include a larger number of subjects and a 
longer waiting period after the varicocelectomy.

The limitations of this study include the small num-
ber of rats used due to ethical reasons, observations 
of sperm DNA damage examined after different time 
periods following varicocelectomy, and the lack of an 
evaluation on the effects of sperm DNA damage on 
pregnancy rates.

Conclusion
The results of this study demonstrate that 

varicocele causes increased sperm DNA damage 
and varicocelectomy decreases this damage. Thus, 
it should be considered that sperm DNA damage 
which increased by varicocele may be decreased 
by varicocelectomy.
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