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Introduction
Varicocele is the most common surgically correctable 
cause of male infertility. (1) Varicoceles are found 
in approximately 15% of the general population, 
including adolescents and adults (2), the incidence 
rises to 35% of men with primary infertility (reported 
range: 19%-41%), (3) and to 80% of men with 
secondary infertility. (4) 

A number of theories have been proposed to explain 
the pathophysiology of varicocele-induced male 
infertility including hyperthermia, reflux of renal 
and adrenal metabolites into the internal spermatic 
vein, hormonal dysfunction, hypoxia, abnormal blood 
flow and antisperm antibodies. (5) Reactive oxygen 
species (ROS) and oxidative stress were suggested to 
play a role in the pathogenesis of varicocele related 
subfertility (6), based on the findings of an increase 
in oxidative stress markers (e.g. superoxide and nitric 
oxide anions, peroxinitrite), in the serum, semen 
and testicular tissues of varicocele patients. (7, 8) 

(9) More recently, ROS have often been suggested 
to play roles in the apoptotic death. Furthermore, 
activation of apoptotic cascades has been shown to 
occur as a consequence of increased generation of 
ROS or treatment with exogenous oxidants. Various 
antioxidants and antioxidative enzymes are able to 
delay or block apoptosis. (10)

Aim of the Work
We aimed to measure testicular tissue malondi 
aldehyde (MDA) a marker of lipid peroxidation, and 
testicular tissue caspase 3 as a marker of apoptosis in 
testicular tissue biopsies of patients with varicocoele-
associated azoospermia.

Patients and Methods
Patients

This study is done on eighty infertile male patients 
selected from the Andrology out-patient clinic of 
Alexandria Main University Hospital divided into two 
groups. 
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Abstract
Background: The exact mechanism of impaired testicular function in patients with varicocele is not yet known. 
There is an increasing body of evidence pointing towards the role of reactive oxygen species (ROS) and apoptosis 
in the pathogenesis of varicocele related subfertility.       
Objective: The aim of the study is to study the role of apoptosis and reactive oxygen species in varicocele-
associated azoospermia.                                                                                             
Methods: Testicular tissue biopsy was obtained from 40 azoospermic infertile patients with varicocele and 
40 infertile obstructive azoospermic patients. Caspase 3 level was determined by ELISA and malondialdehyde 
(MDA) level by colorimetry.
Results: Testicular MDA and caspase 3 level were significantly higher in the varicocele group compared to the 
control group. Increasing levels of MDA and caspase 3 were associated with higher varicocele grades. There was 
a statistically positive correlation between testicular caspase 3 and MDA levels in the varicocele group.
Conclusion: The present study documented the role of reactive oxygen species (ROS) and regulators of apoptosis 
in the pathophysiology of infertility in patients with varicocele-associated azoospermia.
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Study Group

Forty azoospermic infertile men with varicocele as 
the sole cause of infertility. 

Control Group

Forty infertile obstructive azoospermic patients 
proved by testicular biopsy and normal hormonal 
assays. 

Inclusion Criteria Were

Age 20-45 years, non-smokers.1. 

No history of any medication influencing 2. 
spermatogenesis.

No history or clinical manifestations of chronic 3. 
systemic disease or any endocrinopathy.

No evidence of urogenital infections, or leukocyto 4. 
spermia or hypogonadism (testicular volume < 
15ml). 

Exclusion Criteria Were

Patients with recent hormonal therapy in the last 1. 
six weeks before enrollment into the study.

Patients with abnormal epididymal consistency 2. 
which may indicate previous or present 
epididymal infection.

Patients3.  with vas deferens induration or 
beading which may suggest non-specific or 
specific infections (TB).

Cas4. es with any urinary changes which may 
indicate urinary tract infections.

Control cases with lower limb varicose veins.5. 

Methods

An informed consent was obtained from all study 
subjects. The study protocol was approved by the 
local institutional ethics committee, and followed the 
International Ethical Guidelines of the 1975 Declaration 
of Helsinki. A general physical examination including 
examination of both thighs and legs to detect varicose 
veins if any. Local genital examination, clinical grading 
of varicocele according to Dubin and Amelar (11, 12) 
were done. At least two samples were obtained by 
masturbation after 2-7 days of sexual abstinence 
and a morning urine analysis was obtained to rule 
out infection. FSH hormonal assay by ELISA (13) was 

performed. An open testicular biopsy was performed 
under spinal analgesia by “window technique”. (14) 
Testicular tissue samples with known weight were 
washed in phosphate-buffered saline (PBS) and 
centrifuged 1000 x g for 5 minutes. Supernatant was 
discarded and the pellets were diluted in 1 ml PBS, 
aliquots were created for the following assays.

A- Human Caspase-3 ELISA assay (15, 16, 17): An 
anti-human Caspase-3 monoclonal coating antibody 
is adsorbed onto microwells. Following incubation 
unbound anti-human Caspase-3 detection antibody 
and antirabbit- IgG-HRP is removed during a wash 
out step, and substrate solution reactive with HRP is 
added to the wells.

A coloured product is formed in proportion to the 
amount of soluble human Caspase-3 present in the 
sample. The reaction is terminated by addition of acid 
and absorbance is measured at 450 nm. A standard 
curve is prepared from seven human Caspase-3 
standard dilutions and human Caspase-3 sample 
concentration determined. The values were expressed 
as ng/mg protein.

B- Colorimetric method for determination of 
malondialdehyde concentration: 2.5ml of 0.02% 
trichloroacetic acid and 1ml 0.67% thiobarbituric 
acid (TBA) are added to the tissue homogenate, and 
the mixture is heated in boiling water bath for ten 
minutes. The resulting chromogen is extracted with 
4ml of n-butyl alcohol and the absorbance of the 
organic phase is determined at a wavelength of 530 
nm. The results were expressed in nmol/gram tissue.
(18)

Results
The patient group included 10 patients (25%) with 
grade I varicocele, 7 patients (45%) with grade II 
varicocele, and 12 patients (30%) with grade III 
varicocele. Out of the fifteen patients, 14 patients 
(35%) had unilateral left sided varicocele, and 26 
patients (65%) had bilateral varicocele. The duration 
of infertility in the patient group ranged from 1-9 years 
with a mean value of 2.23±2.21 years, and it ranged 
from 1.5-4 years with a mean value of 2.55±0.98 years 
in the control group. The age in the patients group 
ranged from 24-45 years with a mean value of 33.33± 
5.11, and it ranged from 24-41 years with a mean 
value of 31.6±6.48 years in the control group.

The Role of Apoptosis and Reactive Oxygen Species in Varicocele-Associated Azoospermia
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In the patient group, the testicular size ranged from 15-
20 ml (on both sides) with a mean value of 18.91±3.25 
ml on the right side and 18.19±3.52 ml on the left 
side. In the control group, the testicular size ranged 
from 15-25 ml (on both sides) with a mean value of 
20.9±3.41 ml on the right side and 20.3±3.99 ml on 
the left side. 11 of the varicocele patients (73.3%) 
had normal FSH and 4 patients (26.6%) had elevated 
FSH levels. FSH was found normal in all control group 
cases (100%). 

Testicular Tissue MDA Level (nmol/gram 
tissue) 

In the right side testes of the patient’s group, the 
testicular tissue MDA level ranged from 51.01-155.02 
nmol/gram tissue, with a mean value of 108.07±34.85. 
On the other side (left side), its range was found to 
be 53.01-155.22 nmol/gram tissue, with a mean 
value of 107.35±35.42. Within this group, there was 
no statistically significant difference between the 
right and left testicular tissue MDA (P2=0.32). In the 
control group, the right sided testicular tissue MDA 
ranged from 50.1-74.2 nmol/gram tissue, with a mean 
value of 56.22±7.62. On the other (left) side; it ranged 
50.3-76.92 nmol/gram tissue, with a mean value of 
56.94±8.11. Within the control group, there was no 
statistically significant difference between the right 
and left testicular tissue MDA (P2=0.41). On the other 
hand, there was a statistically significant difference 
between the two studied groups in both right and left 
testes (P1=0.0001 for each side). 

Testicular Tissue Caspase 3 Level (ng/mg 
protein) 

In the right side testes of the patient’s group, the 
testicular tissue caspase 3 level ranged from 0.82-
12.3 ng/mg protein, with a mean value of 6.25±3.17. 
On the other side (left side), its range was found to 
be 0.55-12.78 ng/mg protein, with a mean value of 
6.18±3.44. Within this group, there was no statistically 
significant difference between right and left testicular 
tissue caspase 3 level (P2=0.41). In the control group, 
the right sided testicular tissue caspase 3 level was 
found with a range from 4.1-4.76 ng/gram protein, 
with a mean value of 4.30±0.20. On the other (left) 
side; the range was from 4.2-4.8 ng/mg protein, with 
a mean value of 4.51±0.21. Also within the control 
group, there was no statistically significant difference 
between right and left testicular tissue caspase 3 
level (P2=0.52). However, there was a statistically 
significant difference between the two studied groups 
in both testes (P1=0.013 as regards the right testes, 
P1=0.041 as regards the left testes). 

Relation between the Grade of Varicocele and 
MDA (nmol/gram tissue) level 

There was a statistically positive significant relation 
between the grade of varicocele and MDA level on the 
right and left testicular sides(P=0.001 on the right 
side and 0.0026 on the left side). 
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Table 1. Relation between grade of varicocele and MDA (nmol/gram tissue) level. 

MDA level Varicocele grading
Right testes Grade I (no=2) Grade II (no=6) Grade III (no=2)
Range
Mean
SD

53.01-76.33
68.18
13.15

95.69-118.61
104.7
11.3

154-155.02
154.51
0.72

F
P

10.11
0.001*

Left testes Grade I Grade II Grade III
 Range
 Mean
 S.D.

53.01-77.34
65.05
13.62

77.34-155.05
110.6
24.4

119.75-155.22
143.94
16.72

F 9.89
P 0.0026*

* significant
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Relation between the Grade of Varicocele and 
Caspase 3 Level 

There was a statistically positive significant relation 

between the grade of varicocele and Caspase 3 level 
on the right and left testicular sides (P=0.021 on the 
right side and 0.018 on the left side). 
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Table 2. Relation between grade of varicocele and caspase 3 (ng/mg protein) level.

Caspase level Varicocele grading
Right testes Grade I Grade II Grade III
 Range
 Mean
 S.D.

0.82-5.66
2.02
2.26

5.19-10.29
7.1
2.2

5.19-12.3
7.67
3.16

F
P

8.25
0.021*

Left testes Grade I (no=4) Grade II (no=7) Grade III (no=4)

 Range
 Mean
 S.D.

0.857-5.66
2.10
2.38

0.55-10.31
6.4
3.3

5.21-12.78
7.88
3.35

F
P

9.25
0.018*

*Significant.

Correlation of Testicular Tissue MDA and 
Caspase 3 Levels

There was a statistically significant positive correlation 
between the testicular Caspase 3 and MDA levels in 
the patients group in both testicular sides (P=0.013 

on the right side and 0.005 on the left side). 

On the other hand, there was no statistically significant 
correlation between the testicular Caspase 3 and MDA 
levels in the control group in both testicular sides 
(P=0.14 on the right side and 0.21 on the left side). 

Table 3. Correlation between MDA level (nmol/gram tissue) and Caspase 3 level (ng/mg protein) in patients and 
control group at both sides.

Testicular side

MDA
                                                                                                Caspase 3

Patients group Control group

Right side r
p

0.49
0.013*

0.38
0.14

Left side r
p

0.51
0.005*

0.31
0.21

*Significant.

Discussion 
The pathophysiology of varicocele remains controversial, 
with various studies suggesting the involvement 
of hyperthermia, hypoxia, reflux of adrenal and 
renal metabolites, and hormonal dysfunction. More 
recently, ROS and regulators of apoptosis have been 
suggested to play a role in varicocele-induced 
male infertility. (19)

Varicoceles have been evaluated as one of the potential 
causes of increased ROS and oxidative stress. (20) 
High levels of ROS are harmful as they lead to lipid 
peroxidation of sperm plasma membrane and DNA 
fragmentation. Increased lipid peroxidation of the 
sperm plasma membrane is associated with impaired 
sperm motility and diminished capacity for sperm-
oocyte fusion. (21)
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Apoptosis is a distinctive form of eukaryotic cell death, 
occurring in both physiological and pathological 
tissue. (22) The central component of the apoptotic 
machinery comprises a family of proteases termed 
caspases. (23) Caspase 3 is considered to have the 
best correlation with apoptosis, among identified 
caspases. (24)

The results of the present study revealed a statistically 
significant difference between the varicocele patients 
and the control group as regards the testicular tissue 
MDA. The result of this study regarding the correlation 
of testicular MDA and the presence of varicocele came 
in accordance with Ozdamar et al (25) who measured 
MDA and nitric oxide (NO) levels in testes of adolescent 
rats with experimental bilateral varicocele where the 
mean MDA level was higher than in the control group; 
this difference was statistically significant (p<0.05). 
However, Koksal et al (26) reported that the level of 
MDA (measured by thiobarbituric acid reaction) in 
testicular biopsy specimens obtained from infertile 
patients with varicocele and infertile patients without 
varicocele (patients with testicular failure, idiopathic 
infertility and obstruction) was not statistically 
significant. This could be attributed to his choice of the 
control group which included patients with impaired 
spermatogenesis. The increased levels of MDA 
demonstrated in patients with a clinical diagnosis 
of varicocele, suggests that sperm dysfunction in 
varicocele patients may be in part related to oxidative 
stress. ROS may act through impairment of sperm 
motility, decreased sperm count, decreased sperm-
oocyte fusion and sperm DNA damage.

In the present work, there was no statistically 
significant difference between the right and left 
testicular tissue MDA in the patients group as well as 
in the control group (P=0.41). This came in accordance 
with other authors (27) who observed no statistically 
significant difference in testicular ROS levels 
measured by chemiluminesence in bilateral testicular 
biopsies in a group of rats where experimental left 
varicocele was induced. This may be attributed to 
the facts that both testicles are commonly exposed 
to the same circumstances as regards embryological, 
environmental and systemic factors, although in some 
males both testicles may be different. 

Regarding testicular tissue caspase 3 levels, the results 
of the present work revealed a statistically significant 
increased level of testicular caspase 3 and hence 
apoptosis among the varicocele patients, compared 
to the controls. These results of increased apoptosis 

in varicocele patients came in agreement with Chen 
et al (28) who measured the apoptotic index (AI) in 
30 varicocele patients and 15 fertile controls using 
Terminal deoxynucleotidyl transferase–mediated 
deoxyuridine-5’-triphosphate nick end labeling 
(TUNEL) assay for DNA strand breaks 

On the other hand, there was no statistically significant 
difference between right and left testicular tissue 
caspase 3 level within the patients group (P=0.41), 
as well as within the control group (P=0.52) in this 
study. This was in agreement with Cam et al (27) who 
utilized in the in-situ end end-labelling technique 
to investigate apoptosis in an experimental model 
of varicocele in rats. They observed no statistically 
significant difference in the apoptotic index in right 
and left testicular biopsies. Similar results were 
demonstrated in human model of varicocele by Benoff 
et al(29) and Tanaka et al. (30) 

Correlations of MDA level and testicular size in this 
study were statistically insignificant. This was in 
accordance with Allamaneni et al (31) who assessed 
seminal ROS levels in 46 men diagnosed with 
a unilateral left varicocele during an infertility 
evaluation. They reported a statistically non-
significant difference in ROS levels in men with left 
testicular volume ≤19 mL compared to men with testis 
volume of ≥19 mL. The lack of ROS level correlation 
with the testicular size may be a reflection of the time 
required to cause testicular size changes, as well as the 
multifactorial nature of varicocele pathophysiology. 

The current study demonstrated no statistically 
significant correlation between the testicular size 
and caspase 3 levels in both the patient and control 
groups, in both the right and left testicular biopsies. 
These results did not coincide with Xia et al (32) 
who observed that the incidence of apoptosis was 
remarkably more frequent in the varicocele group 
than the control group coupled with a slower 
testicular growth in the varicocele group in an animal 
study in Wistar rats. This could be attributed to the 
differences in the animal varicocele models from 
clinical varicoceles in humans  

The present study revealed a statistically significant 
relationship between varicocele grade and testicular 
biopsy MDA levels. This came in agreement with 
Allamaneni et al (31) who demonstrated that 
increasing levels of seminal ROS measured in 46 men 
with unilateral left varicocele was associated with 
higher grades of varicocele.

The Role of Apoptosis and Reactive Oxygen Species in Varicocele-Associated Azoospermia



Archives of Urology V1 . I1 . 2018 27

A significant relation between the testicular biopsy 
caspase 3 level and the grade of varicocele was 
observed in this work. This disagreed with the Tanaka 
et al (30) who immunohistochemically (avidin-biotin 
peroxidase-complex method) assessed the expression 
of caspase 3 in bilateral testicular biopsies from 26 
infertile men with varicoceles and 6 normal testicular 
specimens. He reported that caspase 3 tended to be 
lower in the varicocele group, with a higher expression 
in grade I than grade II or III varicocele. Technical 
reasons (using formalin instead of Bouin’s solutions 
for fixation) may be responsible for the different 
results reported in that study. 

The present study demonstrated a statistically 
significant correlation between the testicular Caspase 
3 and MDA levels in the patients group, whereas the 
difference was not statistically significant among the 
control group.

This relationship was similarly demonstrated by 
Saleh et al (33) who assessed apoptosis by measuring 
apoptotic DNA damage due to activation of caspase 
activated DNAase and reported that infertile men with 
varicoceles had significant increase in spermatozoal 
apoptotic DNA damage (due to activation of caspase 
activated DNAase), which appeared to be associated 
with high ROS levels in the semen. This finding might 
indicate that ROS plays a role in the pathogenesis of 
apoptotic sperm DNA damage in such patients. 

Conclusion
The present study documented the role of reactive 
oxygen species (ROS) and regulators of apoptosis 
in the pathophysiology of infertility in patients with 
varicocele. The increased levels of MDA and Caspase 3 
in testicular tissues of infertile patients with varicocele 
are considered as important molecular causes of 
oligospermia or azoospermia in cases of varicocele. 

As MDA and caspase 3 levels were positively correlated, 
we therefore believe that an association between 
varicocele and infertility exists at a molecular level 
through stimulation of ROS and apoptosis, where the 
increased rate of apoptosis with varicocele may involve 
ROS overproduction as the triggering mechanism.
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