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Abstract
Purpose Nowadays sperm analysis is used routinely to assess
infertile men, but it’s predictive value is still restricted. For this
reason, new markers are needed for diagnosis and guide
treatment. A DNA damage evaluation method, which is easily
applicable for routine analysis is described in this paper to
provide an important support in clinical evaluation.
Methods In this study, DNA damage evaluation was planned
in infertile males with the COMET assay, a method which is
simple, cheap, sensitive and reliable. For this purpose, the
sperm DNA damage of normospermic, oligospermic,
asthenospermic and teratospermic cases were investigated
and the relationship between sperm parameters (sperm count,
motility, morphology) and DNA damage was assessed.
Results and conclusion According to our results we suggest
that the factors to blame for sperm DNA damage and semen
quality are the same. Also it was found that the infertile males
possess substantially more sperm DNA damage than fertile

men do. Improving and using the DNA damage evaluation
tests seem to improve the results in ART clinics.
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Introductıon

The World Health Organization (WHO) and the American
Society for Reproductive Medicine (ASRM) described infer-
tility as when pregnancy is not achievedwithin a 1-year period
in couples who do not use any contraceptive method. Male
infertility is the only reason in 20 % of the infertile couples,
and in 30–40% of the couples goes together with a problem in
the female so it is found in about 50 % of cases [1].

Sperm chromatin structure and sperm DNA integrity are
essential for successful fertilization and heritage of the ge-
nome to the next generation [2]. In most studies it was shown
that the paternal genome is responsible for the recurrent un-
successful results in Assisted Reproductive Technologies
(ART) [3–7]. Nowadays there are plenty of researches which
support the idea that infertile men possess substantially more
sperm DNA damage than fertile men do [8–10].

Although many techniques have been described to evaluate
the status of the sperm DNA damage (toluidine blue staining,
chromomycin A3 (CMA3), sperm chromatin structure assay
(SCSA), the deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) test, sperm chromatin dispersion (SCD)
test, DNA breakage detection-fluorescent in situ hybridization
(DBD-FISH) assay, in situ nick translation (NT), COMET
assay and the measurement of 8-hydroxy-2-deoxyguanosine
(8-OHdG) by high performance liquid chromatography
(HPLC)) [11], only a few researches compared these methods.
According to these researches results “alkaline comet assay” is
the best discriminative test for male infertility [12–16].

CapsuleAn accurate sperm DNA damage analysis provides an important
support in clinical evaluation so it is highly recommended before assisted
reproductive technologies.
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COMET assay, is a fluorescent technique for measurement
of DNA strand breaks in individual cells. Since its first intro-
duction in the late 1970s, the assay has been widely used as a
simple and sensitive method for assessing DNA damage in
somatic cells. This technique recently has been adapted for
measuring DNA strand breaks in human sperm [17–19].

In this study, the sperm DNA damage values of
normospermic, oligospermic, asthenospermic and
teratospermic cases were compared. Also the relation between
sperm parameters (sperm count, motility, morphology) and
the relation of these parameters to DNA damage was
investigated.

Materials and methods

Patient selection and sample collection

Male cases who came to the Çukurova University, Faculty of
Medicine, Urology Dept. and Ege University Family
Planning, Infertility Research and Treatment Center between
2008 and 2010 with complaints of infertility were involved in
this study within the framework of decision #5 of the Ethics
Committee of Çukurova University Faculty ofMedicine dated
June 12, 2007. 60 infertile males aged 26–47 years,

undergoing IVF treatment, were included in the study with
the following criteria: 1) a minimum of 1 year unprotected
intercourse without pregnancy, 2) no physiological disorders
leading to male factor infertility, 3) subnormal semen analysis
according to WHO (1999) criteria (samples with leukocytes
were excluded) 4) female partners are healthy with no known
cause of infertility. The control group consisted of 20
normospermic fertile cases who were married with children.

Semen analysis

Semen sample was collected by masturbation after 4 days of
sexual abstinence. The ejaculate was fully liquefied and the
semen analysis was performed in our laboratory according to
standard WHO (1999) criteria.

Comet assay

The alkaline COMET assay was performed as previously
described methods [20, 21] with some modifications.
Briefly, the fully frosted microscope slides were covered with
100 μl of 0.75 % normal melting-point agarose (NMPA;
Sigma A9539, USA) in PBS and then dried at room temper-
ature. 2 X106 cells/ml (8 μl) were mixed with 0.75 % (w/v)
low melting agarose (LMPA; Sigma A9414, USA) (72 μl) to

a normospermic group. b teratospermic group.

c oligospermic group. d asthenospermic group.

Fig. 1 Comet Assay gel
representative images per study
group
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form a cell suspension, which was pipetted onto precoated
slides. The slides were immediately covered with a cover slip
and kept at 4 °C for 8 min to allow the agarose to solidify.
Then the third layer of 0.75% LMPAwas added and the slides
were kept at 4 °C for another 8 min. After the cover slips were
removed, the slides were immersed in ice cold, freshly pre-
pared lysing solution (2,5 M NaCl, 100 mM Na2EDTA,
10 mM Tris, 10 % DMSO (Sigma D5879, China), 1 %
Triton X-100 (Fluka 93420, France) and 200 μg/ml proteinase
K (Sigma-Aldrich P6556,USA) at a pH of 10) at 37 °C
overnight.

After draining the proteinase K solution from the slides,
they were placed in a horizontal electrophoresis unit filled
with fresh alkaline electrophoresis buffer containing 300 mM
NaOH and 1 mM EDTA for 20 min to allow the DNA from
the cells to unwind. Electrophoresis was performed at 50 V
and 300 mA for 10 min.

The results were analyzed with TriTek CometScore
Freeware v1.5. One hundred cells per slide were scored and
the COMET measurements “% Tail DNA and Tail Moment”
were used to evaluate sperm DNA damage.

Statistical analysis

SPSS v.15 software was used to analyze and to graph the data
collected in the study. Descriptive statistics was used to de-
scribe the basic features of semen volume, sperm count,
motility, morphology, % Tail DNA and Tail Moment. The
relation between semen parameters and the relation of these
parameters to the percentage of tail DNA and Tail Moment
was analyzed with the Pearson Correlation test. Comparisons

of “% Tail DNA” and “Tail Moment” between groups were
analyzed using the Post Hoc Dunnett’s T3 test. Reciever
Operating Characteristic (ROC) analysis was performed to
obtain the specificity, sensitivity and the cut-off values of
%Tail DNA and Tail Moment. All statistical tests were per-
formed taking into account the 95 % confidence interval and
p<0.05 was considered to be statistically significant.

Results

When the association of spermiogram parameters was
investigated, it was determined that motility showed a
positive correlation to sperm count (r=0,28; p<0,05)
and morphology proved to have a negative correlation to age
(r=−0,25; p<0,05), and a positive and statistically significant
correlation to sperm count (r=0,53; p<0,01) and motility
(r=0,34; p<0,01).

DNA damage in 80 cases, was studied with COMETassay.
A gel image of each group is shown in Fig. 1.

There was a statistically significant difference between
groups in terms of the % Tail DNA (Fig. 2; p<0,05) and
Tail Moment (Fig. 3; p<0,05). % Tail DNA in the
normospermic group was significantly lower than in the other
groups (p<0,05). However, TailMoment in the normospermic
group was significantly lower than oligospermic and
asthenospermic groups (p<0,05) but there is no statistically
significant difference between normospermic and
teratospermic groups.

When the relationship between age, spermiogram parame-
ters, % Tail DNA and Tail Moment was investigated, it was

Fig. 2 Boxplot representation of
% Tail DNA values in groups.
Mean±SD for normospermic,
teratospermic, oligospermic and
asthenospermic goups are 7,21±
7,52; 35,69±32,08; 47,69±26,59;
52,88±35,45 respectively
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found that sperm count had a negative correlation with the %
Tail DNA (r=−0,41; p<0,01) and a negative correlation with
Tail Moment (r=−0,23; p<0,05). Motility had a negative cor-
relation with the % Tail DNA (r=−0,31; p<0.01). Morphology
had a negative correlation with the % Tail DNA (r=−0,49;
p<0,01) and a negative correlation with Tail Moment (r=
−0,35; p<0,01). Moreover, a highly positive correlation (r=

0,79; p<0,01) was detected in the relationship between the %
Tail DNA and Tail Moment, as expected (Fig. 4).

The sensitivity, specificity, the cut-off values and the area
under the curve for % Tail DNA and Tail Moment obtained by
the ROC analysis are shown in Table 1. Graphical represen-
tation of ROC curve for % Tail DNA and Tail Moment is
shown in Fig. 5.

Fig. 4 The relationship between
% Tail DNA and Tail Moment

Fig. 3 Boxplot representation of
Tail Moment values in groups.
Mean±SD for normospermic,
teratospermic, oligospermic and
asthenospermic goups are
17,74±25,29; 78,05±95,96;
88,12±77,07; 69,78±56,85
respectively
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Discussion

Sperm DNA damage has an important effect on in vivo fer-
tilization [2]. Many studies have shown that the levels of
sperm DNA damage in fertile and infertile males were con-
siderably different [22]. In fact, the sperm of infertile individ-
uals has been found to be more sensitive to agents like H2O2

and radiation which cause damage to DNA [21]. If the sperm
DNA damage exceeds 30 % as detected by the SCSA
[23] or 20 % by TUNEL [24], the in vivo fertilization
rate seems to be close to zero. For all these reasons, diag-
nosis of sperm DNA damage can be taken as a new indicator
for the assessment of male infertility.

WHO guideline categorized infertile individuals into four
groups as; normospermics, teratospermics, oligospermics and
asthenospermics. In this study we compare sperm DNA dam-
age (% Tail DNA) values of these groups to investigate
whether there is any difference among them. As a result we
found that the DNA damage in normospermic group

was significantly lower than the others (p<0,05) but
there is no statistically significant difference between
teratospermic, oligospermic and asthenospermic groups.
These results suggested that the sperm DNA damage
has the same deleterious effects on sperm count, motility
and morphology.

There have been many studies which investigated the cor-
relation between human sperm DNA damage and semen pa-
rameters using different methods. For example; Kodama et al.
reported that 8-OHdG quantitation had a negative correlation to
sperm count [25], while Shen et al. stated that it had a negative
correlation to sperm count, motility and morphology [26].
Oosterhuis et al. indicated that phosphatidylserine expression
had a reverse correlation to sperm count and motility [27].
Benchaib et al. used the TUNEL method in their study in 104
couples who applied for IVF (n=50) and ICSI (n=54) treat-
ment, and stated a negative correlation between DNA damage
and sperm count and motility [28]. Sun et al. carried out a study
in which the TUNEL method was applied by flow cytometry.
They found that DNA damage had a negative correlation to
sperm motility and morphology, but no significant correlation
to age [29].

On the other hand Morris et al. carried out a study using the
alkaline COMET assay method on 60 males who had applied
for IVF treatment, and found out that DNA damage increased
with age. They also revealed that DNA damage had a positive
correlation to abnormal sperm morphology but a negative
correlation to sperm count. Unexpectedly, a positive correla-
tion between DNA damage and motility was shown in the
study [12].

Fig. 5 ROC curve comparing the
comet measurements “% Tail
DNA and Tail Moment”

Table 1 Cut-off values with sensitivity and specificity observerd for %
Tail DNA and Tail moment

Comet
measurement

n Areab Cut-off valuea (%) Sensitivity Specificity

% Tail DNA 60 0,837 15,00 0,717 0,800

Tail moment 60 0,796 15,21 0,750 0,650

a Cut-off values for male infertility were obtained from 80 cases; 20
normospermic fertil individuals vs. 60 infertile patient
b Area under the ROC curve
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In a study performed using the alkaline COMETassay, NT-
condensed and NT-decondensedmethods, Irvine et al. found a
significant negative correlation between sperm DNA damage
and semen quality, especially in sperm count. When they
compared the three techniques of measuring DNA damage,
COMETASSAYwas discovered to be better at differentiating
the fertile and infertile groups [16].

As in our study, Trisini et al. revealed a negative correlation
between DNA damage and sperm count, motility and mor-
phology in a study carried out using neutral COMET assay
[30]. We also found a positive but not significant correlation
(p=0,051192) between age and DNA damage. Although these
findings suggested that the factors to blame sperm DNA
damage and semen quality are the same, there is still idiopath-
ic male infertility existing with normal sperm parameters. In a
recent study carried out with SCSA, DNA damage in infertile
males with normal sperm parameters was shown to be signif-
icantly higher than that of fertile males. Saleh et al.
examined 92 infertile males receiving infertility treat-
ment in a SCSA study. While 21 of them had normal
sperm parameters, the spermiogram results of 71 were
not within normal limits. The control group consisted of
16 fertile volunteers. DNA damage was measured as
DNA fragmentation index (DFI) and found that DFI
(%) was significantly higher in infertile males with
normal sperm parameters than it was in fertile males.
They reported that they did not determine a significant
difference between normospermic infertile males and
other infertile males with abnormal semen parameters [22].
So we can conclude that infertile men possess substantially
more sperm DNA damage than fertile men do.

In the light of these findings, sperm DNA damage analysis
can be a discriminating test to identify hidden sperm anoma-
lies in patients with normal semen parameters who were
diagnosed with idiopathic infertility.

At present, the clinical value of comet measurements on
predicting male infertility have not been reported yet. For this
purpose we test comet measurements, % Tail DNA and Tail
Moment, with ROC analysis. % Tail DNA represented a
threshold value of 15 % for predicting male infertility with
an area under the curve 0,837 and Tail Moment represented a
threshold value of 15,21%with an area under the curve 0,796.
However, these results are not comparable with previous
studies because it is not mentioned which comet measurement
were used in these studies [15, 18, 31]. Higher area under the
ROC curve has been shown by % Tail DNA with a high
sensitivity and specificity of 0,717 and 0,800 respectively
(Table 1, Fig. 5). Moreover, when taking Tail Moment into
account we found that there is no statistically significant
difference between normospermic and teratospermic groups
and also we found there is no correlation between motility and
Tail Moment in our patient population. According to these
results % Tail DNA seems the best predictor comet

measurement for alkaline comet assay but further studies are
needed to reach precise results.

Before using the tests of sperm DNA damage in routine
analysis, the correlation between semen parameters and sperm
DNA integrity must be investigated. If sperm DNA integrity
can determine a diagnosis, it should be used in routine prac-
tice. When the method for measuring DNA damage is im-
proved and the results are used in practice, this development
may answer both patients’ and doctors’ questions and help
their treatment modality.
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