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ABSTRACT
Objective: A male factor is responsible in approximately 30-40% of couples receiving infertility treatment. 
Routinely, such couples undergo semen analysis including parameters such as sperm count, motility and 
morphology. Generally, the analysis of sperm DNA damage, shown to have a significant clinical importance 
by many studies, is recognized as an advanced test that is not included in routine infertility tests. Intracyto-
plasmic sperm injection (ICSI) method, commonly employed in the current infertility treatment protocols, 
lowers the fertilization rate, however, fertilization can occur even with a damaged DNA which is known to 
pose a risk in the subsequent pregnancy period. The relation between sperm morphology and the degree of 
sperm DNA damage has not yet been understood clearly. In this study, we aimed to investigate the associa-
tion between routine semen analysis and sperm DNA integrity assay, another advanced but costly method. 

Material and methods: The degree of DNA damage was compared with the results of semen analysis, 
based on the WHO criteria, in 399 male patients who received comet assay for sperm DNA integrity. The 
statistical correlation analyses were performed with Windows SPPS statistical package program. 

Results: Accordingly, the sperm DNA damage was found to be correlated with all 3 parameters (sperm 
count, forward motility, and morphology) examined by the semen analysis (p<0.001). Total sperm DNA 
Damage Count (TDC) was 226, 216, and 210 arbitrary units (AU) in patients with a sperm count <15 mil/
mL, forward moving motility <32%, and normal morphology <4%, respectively. The difference with the 
normal individuals was statistically significant (p<0.001).

Conclusion: In light of the comet assay results, higher degree of sperm DNA damage is associated with 
significant impairment of all seminal parameters.
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ÖZ
Amaç: İnfertilite tedavisi gören çiftlerin yaklaşık %30-40’ında erkek faktörü sorumludur. Bunların değer-
lendirilmesinde rutin olarak sperm konsantrasyonu, motilitesi ve morfolojisine bakılır. Klinik önemi çok sa-
yıda çalışmada gösterilmiş olan sperm DNA hasar incelenmesi ise genelde ileri bir test olarak ele alınmakta 
ve rutin infertilite tetkikleri arasında yer almamaktadır. Oysa güncel infertilite tedavisinde çok yaygın 
olarak kullanılan, yüksek maliyeti yanı sıra birçok doğal bariyerin atlanmasına olanak tanıyan intrasitop-
lazmik sperm injeksiyonu (ICSI) yönteminde, fertilizasyon oranı düşse de hasarlı DNA ile bile fertilizasyo-
nun gerçekleşebildiği, bunun da gebeliğin devamında risk oluşturduğu bilinmektedir. Ancak ICSI sırasında 
sperm seçiminde sadece sperm morfoloji ve motilitesi dikkate alınmakta olup, DNA hasarına göre bir seçim 
teknik olarak yapılamamaktadır. Sperm morfolojisinin DNA içeriğindeki hasar oranları ile ilişkisi ise kesin 
olarak aydınlatılmış değildir. Biz bu çalışmada rutin semen analizinin daha ileri ancak maliyeti de yüksek 
bir tetkik olan sperm DNA bütünlüğü analiz sonuçlarıyla ilişkisini incelemeyi amaçladık.

Gereç ve yöntemler: Comet analizi ile sperm DNA bütünlüğü araştırılmış 399 erkek hastanın DNA hasar 
oranları, WHO kriterlerine göre değerlendirilmiş semen analiz sonuçları ile karşılaştırıldı ve Windows 
SPSS paket programı kullanılarak istatistiksel korelasyon analizleri yapıldı. 

Bulgular: Buna göre sperm DNA hasarlarının semen analizinde bakılan her üç parametreyle (sayı, ileri 
motilite, morfoloji) anlamlı şekilde ilişkili olduğu saptandı (p<0,001). 

Sonuç: COMET assay ile tespit edilebildiği kadarıyla sperm DNA hasar oranlarındaki artış seminal para-
metrelerin hepsinde de anlamlı biçimde bozulma ile birlikte ortaya çıkmaktadır.

Anahtar kelimeler: Erkek infertilitesi; morfoloji; motilite; sperm DNA hasarı.



Introduction

In almost half of the infertile couples, a male factor is involved. 
These reproductive problems are routinely evaluated by con-
ventional semen analysis. However, 15% of cases of male fac-
tor infertility have normal semen analysis which complicates 
a definitive diagnosis. There is a strong association between 
sperm genetic damage and infertility. The involvement of sperm 
DNA damage in infertility has been shown by many in vitro 
and in vivo studies. It has been found that spermatozoa with 
denatured and fragmented DNA have a significant relationship 
with impaired seminal parameters, being significantly higher 
in infertile males (25% and 27%, respectively) than in fertile 
ones (10% and 13%, respectively) (p=0.028 and p=0.016).[1] As 
the degree of spermatozoa with damaged DNA increases (>30-
40%), the likelihood of natural pregnancy drops.[2,3] Sperm DNA 
of poor quality has been shown to impair fertilization by in vitro 
studies. In fact, when the degree of sperm with damaged DNA 
is above 4% in patients receiving in vitro fertilization (IVF), 
the fertilization rates drop from 58% to 38% (p<0.05).[4] The 
importance of these data during intracytoplasmic sperm injec-
tion (ICSI) emerges from the fact that damaged DNA may not 
inhibit fertilization, thereby allowing the formation of embryos 
with this defective genetic material.[5,6] Therefore, it is important 
to know the degree of spermatozoa with damaged DNA in the 
ejaculate in order to predict the fertilization rate and determine 
the risks that may affect the embryo. 

Although high degrees of sperm DNA damage are correlated 
with impaired seminal parameters such as reduced sperm count 
and motility, men with normal seminal parameters can also 
exhibit high degrees of sperm DNA damage. 

In this study, we compared the results of conventional semen 
analyses and sperm DNA damage assay in 399 patients diag-
nosed with male factor infertility in the infertility clinic.

Material and methods

This study was performed with patients who applied to Ankara 
University Infertility Research Center between 2010 and 2014. 
Men who failed to have a child despite 1 year of attempt were 
included in the study. Azoospermic men were excluded from 
the study. The sperm analyses were performed based on the 
WHO 2010 criteria. Seminal fluid samples were collected fol-
lowing a fasting period of 72 hours; a sperm count ≥15 million, 
forward motility ≥32%, and Diff-Quik morphology ≥4% were 
recognized as normal. 

Ankara University Faculty of Medicine‘s Institutional Ethical 
Committee approved the study and the written informed consent 
was obtained from the entire subject who participated in the study. 

Analysis of total sperm DNA damage 
Total Sperm DNA Damage Count (TDC), developed by Singh et 
al.[7], was analyzed by alkaline assay with minor modifications. 
First, sperm cells were washed, followed by the mixing of 10 
μl of fresh sperm cell suspension (around 20.000 cells) with 80 
μL of 0.7% low-melting-point agarose (LMA) (Sigma) in PBS 
at 37°C. Subsequently, 80 μL of this mixture was layered onto 
slides that had been previously coated with 1.0% hot (60°C) 
normal melting point agarose (NMA), covered with a coverslip 
at 4°C for at least 5 min to allow the agarose to solidify. After 
removing the coverslips, the slides were embedded in freshly 
prepared cold (4°C) lysing solution (2.5 M NaCl, 100 mM 
EDTA-2Na; 10 mM Tris-HCl, pH 10-10.5; 1% Triton X-100 and 
10% DMSO added just before analysis) and 15 μl proteinase 
K for at least 1 h. Slides were then immersed in freshly pre-
pared alkaline electrophoresis buffer (0.3 mmol/L NaOH and 1 
mmol/L Na2ETDA, pH >13) at 4°C for unwinding (40 min), and 
then subjected to electrophoresis (25 V/300 mA, 25 min). All 
of the above steps were conducted without applying direct light 
in order to prevent additional DNA damage. After electropho-
resis, the slides were stained with ethidium bromide, covered 
with a coverslip, and analyzed using a fluorescence microscope 
(Olympus BX51). The images of 100 randomly chosen nuclei 
were analyzed visually from each subject, as described else-
where. Each image was classified according to the intensity of 
the fluorescence in the comet tail and was given a value of 0, 1, 
2, 3, or 4 (from undamaged class 0 to maximally damaged class 
4), so that the total scores ranged between 0 and 400 arbitrary 
units (AU) (Figure 1).[8]

Statistical analysis
The study data analysis was performed using Statistical Package 
for the Social Sciences for Windows, version 15.0 (SPSS, Inc., 
Chicago, IL, USA). The statistical analyses between compared 
groups were performed by two-sample t-test. Each p value 
<0.05 was considered statistically significant. Pearson and 
Spearman correlation coefficients were calculated between 
seminal parameters and TDC analysis. Reliability of the scoring 
systems was tested with the correlation coefficient (r). 

Results

A total of 399 consecutive patients were included in the study. 
The mean age was 28 years (range: 23-42 years). Seminal pa-
rameters and TDC results were compared in these patients. Of 
the 399 infertile patients, mean sperm count was 45.7 106/mL 
and forward motility was 37%. Of the 392 patients, mean Kru-
ger morphology was 2.37% (Table 1).

In our study, seminal parameters were categorized based on the 
WHO 2010 criteria. Sperm count was classified as <15 million 
and ≥15 million groups. When sperm count and TDC were com-
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pared, 249 patients with normozoospermia, a sperm count ≥15 
million, had a TDC of 191 AU, while 144 patients with oligo-
zoospermia, <15 million, had a TDC value of 226 AU (p<0.001) 
(Figure 2a). 

The patients were categorized with regard to sperm morphol-
ogy, as well: <4% and ≥4% groups. A total of 294 patients with 
a morphology rate <4% had a TDC of 210 AU, while 97 patients 
with normal morphology (≥4%) exhibited a TDC of 186 AU 
(p<0.001) (Table 2).

In the present study, we observed the relation of TDC with sperm 
count, motility, and morphology. According to the correlation 
analysis, all three seminal parameters showed a negative cor-
relation with TDC and the correlation coefficients were -0.301, 
-0.248 and -0.207, respectively (Table 2) (Figure 2b). 

Forward motility rate was categorized in two groups: >32% 
and ≤32. A total of 145 patients with a motility rate >32% 
had a TDC of 216 AU, whereas the patient group with a mo-
tility rate ≤32 showed a TDC of 194 AU (p<0.001) (Figure 
2c). Comparison of the TDC values was also done between 
normozoospermic infertile men and infertile men with Oligo-
asthenoteratozoospermia (OAT). TDC was found significant-

ly higher in OAT group than those of the normozoospermic 
group; as 211 and 176 AU, respectively (Table 3) (Figure 2d).

Discussion

Current evidences reveal that the most influential cause of sperm 
DNA damage is oxidative stress. Such events are accompanied 
by impaired spermiogenesis and increased ROS production due 
to spermatozoa. Impaired spermiogenesis is probably caused by 
oxidative stress leading to disrupted protein translation. Thus, 
spermatozoa differentiate into germ cells with certain deficien-
cies. Insufficient protamination also causes poor compaction of 
DNA which renders it vulnerable to oxidative stress. Finally, 
defective sperm cells may prematurely enter apoptosis, which 
is accompanied by the activation of mitochondrial ROS genera-
tion. As a consequence of this cascade, in addition to the dis-
ruption of sperm production, the spermatozoa lose their motility 
and exhibit oxidative DNA damage that leads to the creation of 
DNA fragmentation.[9] 

Our results indicate that DNA damage is significantly higher in 
infertile men with OAT when compared with those of the nor-
mozoospermic men. Many studies have been performed to in-
vestigate the relation between sperm DNA damage and conven-
tional seminal parameters. Most of these studies have yielded 
results indicating an inverse correlation of DNA damage with 
seminal parameters including sperm count, motility, and mor-
phology.[10-12] In our study, among patients with a mature sperm 
count ≥15 x 106/mL, the TDC was 191 AU, whereas those with a 
mature sperm count <15 x 106/mL had a TDC of 226 AU (Figure 
2a). The low sperm count was associated with impaired sper-
matogenesis; the oxidative stress generated by increasing the 
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Table 1. Mean sperm values
Seminal parameters	 n	 Mean (min-max)

Sperm count x 106/mL	 399	 45.70 (0-280)

Forward motility (%)	 377	 37.00 (0-92)

Morphology (4%)	 392	 2.37 (0-21)

Figure 1. a-e. Appearance of sperm 
cells in comet assay experiment, (a) 
Undamaged, (b) low damaged, (c) 
moderate damaged, (d) damaged 
and (e) high damaged. Each image 
was classified according to 
nucleus scale and tail length given 
a value of 0-4

a

d

b

e

c



ROS level hinders the maturation of germs cells by inducing 
DNA damage in the germ cells and accelerating apoptosis via 
cytochrome C and caspase 9 and caspase 3.[13]

Abortive apoptotic pathway has been proposed as an impor-
tant etiology for the DNA breaks in the spermatozoa of infer-
tile patients.[14] In the testes, normally, apoptosis prevents the 
overproduction of germ cells and selectively destroys injured 
germ cells. However, Sertoli cells are only able to support a lim-
ited number of germ cells in the testis.[15] There is an optimal 
germ cell to Sertoli cell ratio for the spermatogenesis to proceed 
normally. During this developmental process, excess immature 
germ cells are removed by apoptosis. If this process is impaired, 
the germ cell to Sertoli cell ratio is perturbed which can in turn 
interrupt the normal spermatogenic cascade by the result of an 
abortive apoptotic process. Indeed, men exhibiting deficiencies 

in their semen profile often possess a large number of Fas bear-
ing spermatozoa which leads to cell death through apoptosis.[16] 
This fact prompts the suggestion that these dysfunctional cells 
are the product of an incomplete apoptotic cascade. In case of 
exposure of human spermatozoa to hydrogen peroxide, apop-
totic cascade has been shown to be triggered by the activation 
of caspase 3,[17] which may explain the association of high DNA 
damage and low mature spermatozoa count in our series. It has 
also been demonstrated that the activation of apoptotic cascade 
results in the stimulation of mitochondrial free radical genera-
tion.[14] Mitochondrial source of ROS can make an additional 
contribution to the induction of oxidative stress and DNA dam-
age in spermatozoa. 

In our study, sperm morphology and TDC values showed a sig-
nificant correlation; patients with a morphology rate <4% had 
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Figure 2. a-d. The graphics of comparison between total sperm DNA damage count and Kruger morphology (a) sperm count 
(b) forward motility (c) in infertile men. Comparison of the total sperm DNA damage values in NS infertile men (All seminal 
parameters are in normal ranges) and infertile men with OAT (d)

a

c

b

d



a TDC of 186 AU, while patients exhibiting a morphology rate 
≥4% showed a TDC of 210 AU (Figure 2b). In the literature, a 
significant association has been reported between normal sperm 
morphology rate and DNA fragmentation.[18] 

Particularly, the incidence of serious morphologic disorders 
such as abnormally small heads, megalocephaly, severe tail ab-
normalities, or globozoospermia has a significant correlation 
with abnormal chromatin structure and DNA strand breaks.[19] In 
such cases, there are also parallel increases in aneuploidy rates 
and unexplained recurrent pregnancy losses.[20] 

The shaping of the sperm head is probably related to the degree 
of chromatin condensation as well as developmental factors.
[21] It has been suggested that the shaping of sperm heads may 
depend on the specific patterns of assembly of DNA-protein 
complexes established during chromatin condensation in the 
nuclei.[22] On the other hand, nuclear shape has been linked to 
vacuoles and heterogeneity in chromatin condensation.[23] Dur-
ing spermiogenesis phase, last stage of spermatogenesis, signifi-
cant rearrangements take place in the sperm nucleus during the 
transition from round spermatids to spermatozoa[24] condensa-
tion of nuclear chromatin, formation of the flagellum apparatus, 
and development of the acrosomal cap. The most prevalent rear-
rangement is the reshaping of the nucleus. Within the nucleus, 
the chromatin granules undergo progressive condensation due to 

replacement of the transitional proteins by protamins. Protamins 
form a fine homogeneous material that uniformly fills the entire 
sperm nucleus. In light of all those events, the positive correla-
tion between sperm DNA damage and impaired sperm morphol-
ogy may be associated with the fact that sperm DNA damage 
leads to impairment in the sperm chromatin structure. 

In our study, the degree of DNA damage and sperm motility im-
pairment showed a positive correlation. In cases with a motility 
rate <32%, TDC was 216 AU, whereas patients with a motility 
rate ≥32% showed a TDC of 194 AU (Figure 2c). It is a well 
known fact that oxidative stress, which causes sperm DNA dam-
age, induces peroxidation in the lipid-containing sperm plasma 
membrane via ROS, thereby leading to structural and function-
al damage in the spermatozoa.[25] At the same time, ROS can 
impair the sperm motility by damaging the axonemal structure 
or reducing the intracellular adenosine triphosphate (ATP).[26] 
Therefore, increased oxidative stress is a very effective factor 
in the impairment of sperm motility and the development of as-
thenozoospermia. The most cytotoxic oxygen metabolite among 
ROS products has been shown to be hydrogen peroxide. Indeed, 
when Percoll-separated spermatozoa are treated with hydrogen 
peroxide, there is a progressive decrease, leading to a complete 
arrest in the sperm flagellar beat frequency. However, once de-
membranated, ROS-immobilized spermatozoa regain motility.
[27] ROS-related increases in the motility can be prevented with 
catalase.[28] The impairment in sperm motility has also been ex-
plained by apoptosis. It has been suggested that oxidative stress 
causes the generation of spermatozoa with poorly remodelled 
chromatin. These defective cells have a tendency to enter in an 
apoptotic pathway associated with motility loss.[14]

In experimental studies, a dramatic increase in DNA fragmenta-
tion has been observed after exposure to ROS products such as 
xanthine and xanthine oxidase. The results demonstrate that oxi-
dative stress impairs sperm motility, as well as DNA integrity, 
by altering intracellular signalling pathways through changes 
in tyrosine phosphorylation and acid phosphatase activity.[29] 
In other studies, oxidative stress has been shown to promote a 
dose-dependent increase in tyrosine nitration and S-glutathio-
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Table 2. Correlation between total sperm DNA damage count and seminal parameters in infertile men

			   Total sperm DNA  
Seminal parameters		  n (%)	 damage count (0-400 AU)	 Coefficient	 p

Count 106/mL	 <15	 144 (36.64)	 226±54.39	 r= -0.301	 <0.001

	 ≥15	 249 (63.36)	 191±48.20		

Forward motility, %	 <32	 145 (39.18)	 216±55.13	 r= -0.248	 <0.001

	 ≥32	 225 (60.82)	 194±49.38		

Morphology, %	 <4	 294 (75.20)	 210±50.12	 r= -0.207	 <0.001

	 ≥4	 97 (24.8)	 186±56.46		

Table 3. Comparison of the total sperm DNA damage 
values in normozoospermic infertile men and infertile 
men with OAT
			  Total sperm DNA  
		  damage count 
Seminal parameters	 n (%)	 (0-400 AU)	 p

Normozoospermia*	 67 (83)	 176.7±44.4	 <0.001

OAT**	 332 (17)	 211.8±53.4	 <0.001
OAT: oligoasthenoteratozoospermia
*All seminal parameters are in normal ranges
**Oligoasthenoteratozoospermia; count <15x106/mL, forward motility <32%, 
morphology <4%



nylation, while altering motility and the ability of spermatozoa 
to undergo capacitation.[30] 

Another cause of the impairment in sperm motility is the dis-
ruption in apoptotic balance due to oxidative stress. Apoptotic 
mediators such as caspases have been shown to occur at high 
levels in sperms with impaired motility.[31,32] A significant posi-
tive correlation between caspase activity in the sperm midpiece 
and the DNA fragmentation has been shown in the low motility 
fractions of patients, suggesting that caspase-dependent apoptot-
ic mechanisms can originate in the cytoplasmic droplet or within 
the mitochondria, and function in the nucleus.[31] 

The most frequently used tests to assess sperm DNA damage are 
the Sperm Chromatin Structure Assay (SCSA), the single-cell 
gel electrophoresis assay (COMET), the terminal deoxynucleo-
tidyl transferase dUTP nick-end labeling (TUNEL) assay and the 
sperm chromatin dispersion (SCD) test. Because of its high preci-
sion and sensitivity in the determination of cell death and DNA 
damage, we prefer comet assay. The comet assay is a single cell 
gel electrophoresis of immobilized sperm which involves their 
encapsulation in agarose, followed by lysis and electrophoresis.
[7] Although the technique is often tedious and may damage the 
cell membrane changing the distribution of the cell population of 
live, apoptotic or necrotic cells, it can provide more specific infor-
mation about the extent and heterogeneity of DNA damage com-
pared to TUNEL staining.[33] The TUNEL assay is also impeded 
by the highly compacted nature of sperm chromatin and necessi-
tate the introduction of a chromatin decondensation step, prior to 
commencement of the assay in order to avoid potential artefacts.
[34] On the other hand, both the TUNEL assay and the SCD test 
have been reported to require higher levels of DNA and chromatin 
damage before they can detect structural changes, indicating that 
they have lower sensitivity than the SCSA and the comet assay.[35] 

In conclusion, as far as the comet assay can detect, high degrees 
of sperm DNA damage are accompanied by significant impair-
ment in all seminal parameters. However, further studies includ-
ing larger samples, homogenous patient groups, and comparison 
of different methods are required to reach a definitive conclusion. 

Ethics Committee Approval: Ethics committee approval was obtained 
(approval number: 154-4951).

Informed Consent: Written informed consent was obtained from 
patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - O.S.A., K.A.; Design - O.S.A., 
K.A.; Supervision - O.S.A., A.S.; Funding - O.S.A., A.S., K.A.; 
Materials - O.S.A., A.S.; Data Collection and/or Processing - K.A., 

O.S.A., Y.Y., F.K.; Analysis and/or Interpretation - O.S.A.,Y.Y., F.K., 
K.A.; Literature Review - O.S.A., Y.Y., F.K.; Writer - O.S.A.; Critical 
Review - K.A., A.S.

Conflict of Interest: The authors declared no conflict of interest.

Financial Disclosure: This research was supported by Ankara University 
Scientific Research Division (project Number: 10B3330028). The 
research facilities for this project were provided by Ankara University 
School of Medicine, Department of Medical Biology. 

Etik Komite Onayı: Bu çalışma için etik komite onayı alınmıştır 
(onay numarası: 154-4951).

Hasta Onamı: Yazılı hasta onamı bu çalışmaya katılan hastalardan 
alınmıştır.

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir - O.S.A., K.A.; Tasarım - O.S.A., K.A.; 
Denetleme - O.S.A., A.S.; Kaynaklar - O.S.A., A.S., K.A.; Malzemeler - 
O.S.A., A.S.; Veri toplanması ve/veya işlemesi K.A., O.S.A., Y.Y., F.K.; 
Analiz ve/veya yorum - O.S.A., Y.Y., F.K., K.A.; Literatür taraması - 
O.S.A., Y.Y., F.K.; Yazıyı yazan - O.S.A.; Eleştirel inceleme - K.A., A.S.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Tıbbi Biyoloji bölümünün bu projesi Ankara 
Üniversitesi Bilimsel Araştırmalar tarafınca için desteklenmiştir (proje 
numarası: 10B3330028).

References

1.	 Zini A, Bielecki R, Phang D, Zenzes MT. Correlations between 
two markers of sperm DNA integrity, DNA denaturation and 
DNA fragmentation, in fertile and infertile men. Fertil Steril 
2001;75:674-7. [CrossRef]

2.	 Evenson DP, Jost LK, Marshall D, Zinaman MJ, Clegg E, Purvis 
K, et al. Utility of the sperm chromatin structure assay as a 
diagnostic and prognostic tool in the human fertility clinic. Hum 
Reprod 1999;14:1039-49. [CrossRef]

3.	 Spano M, Bonde JP, Hjollund HI, Kolstad HA, Cordelli E, Leter 
G. Sperm chromatin damage impairs human fertility. The Danish 
first pregnancy planner study team. Fertil Steril 2000;73:43-50.

4.	 Host E, Lindenberg S, Smidt-Jensen S. The role of DNA strand 
breaks in human spermatozoa used for IVF and ICSI. Acta Obstet 
Gynecol Scand 200l;79:559-63. [CrossRef]

5.	 Lopes SM, Sun JG, Jurisicova A, Meriano JB, Casper RF. Sperm 
deoxyribonucleic acid fragmentation is increased in poor-quality 
semen samples and correlates with failed fertilization in intracyto-
plasmic sperm injection. Fertil Steril 1998;69:528-32. [CrossRef]

6.	 Ahmadi A, Ng SC. Fertilizing ability of DNA-damaged spermato-
zoa. J Exp Zool 1999;284:696-704. [CrossRef]

7.	 Singh NP. Microgel electrophoresis of DNA. In: Technologies for 
Detection of DNA Damage and Mutations. New York: Plenum 
Press; 1996. p.3-24. [CrossRef]

8.	 Jaloszynski P, Kujawski M, Czub-Swierczek M, Markowska J, 
Szyfter K. Bleomycin- induced DNA damage and its removal in 

196
Turk J Urol 2015; 41(4): 191-7
DOI:10.5152/tud.2015.98475

http://dx.doi.org/10.1016/S0015-0282(00)01796-9
http://dx.doi.org/10.1093/humrep/14.4.1039
http://dx.doi.org/10.1034/j.1600-0412.2000.079007559.x
http://dx.doi.org/10.1016/S0015-0282(97)00536-0
http://dx.doi.org/10.1002/(SICI)1097-010X(19991101)284:6<696::AID-JEZ11>3.0.CO;2-E
http://dx.doi.org/10.1007/978-1-4899-0301-3_1


lymphocytes of breast cancer patients studied by comet assay. 
Mutat Res 1997;385:223-33. [CrossRef]

9.	 Aitken RJ, Curry BJ. Redox regulation of human sperm func-
tion: from the physiological control of sperm capacitation to the 
etiology of infertility and DNA damage in the germ line. Antioxid 
Redox Signal 2011;14:367-81. [CrossRef]

10.	 Acharyya S, Kanjilal S, Bhattacharyya AK. Does human sperm 
nuclear DNA integrity affect embryo quality? Indian J Exp Biol 
2005;43:1016-22.

11.	 Wyrobek AJ, Eskenazi B, Young S, Arnheim N, Tiemann-Boege 
I, Jabs EW, et al. Advancing age has differential effects on DNA 
damage, chromatin integrity, gene mutations, and aneuploidies in 
sperm. P Natl Acad Sci USA 2006;103:9601-6. [CrossRef]

12.	 Evgeni E, Lymberopoulos G, Gazouli M, Asimakopoulos B. 
Conventional semen parameters and DNA fragmentation in rela-
tion to fertility status in a Greek population. Eur J Obstet Gynecol 
Reprod Biol 2015;188:17-23. [CrossRef]

13.	 Said TM, Paasch U, Glander HJ, Agarwal A. Role of caspases in 
male infertility. Hum Reprod Update 2004;10:39-51. [CrossRef]

14.	 Aitken RJ, Koppers AJ. Apoptosis and DNA damage in human 
spermatozoa. Asian J Androl 2011;13:36-42. [CrossRef]

15.	 Sinha Hikim AP, Swerdloff RS. Hormonal and genetic control of germ 
cell apoptosis in the testis. Rev Reprod 1999;4:38-47. [CrossRef]

16.	 Sakkas D, Mariethoz E, Manicardi G, Bizzaro D, Bianchi PG, 
Bianchi U. Origin of DNA damage in ejaculated human spermato-
zoa. Rev Reprod 1999;4:31-7. [CrossRef]

17.	 Lozano GM, Bejarano I, Espino J, González D, Ortiz A, García JF, 
et al. Relationship between caspase activity and apoptotic markers 
in human sperm in response to hydrogen peroxide and progester-
one. J Reprod Dev 2009;55:615-21. [CrossRef]

18.	 Menkveld R, Holleboom CA, Rhemrev JP. Measurement and signifi-
cance of sperm morphology. Asian J Androl 2011;13:59-68. [CrossRef]

19.	 Ombelet W, Wouters E, Boels L, Cox A, Janssen M, Spiessens 
C, et al. Sperm morphology assessment: diagnostic potential and 
comparative analysis of strict or WHO criteria in a fertile and a 
subfertile population. Int J Androl 1997;20:367-72. [CrossRef]

20.	 Carrell DT, Wilcox AL, Lowy L, Peterson CM, Jones KP, 
Erickson L, et al. Elevated sperm chromosome aneuploidy and 
apoptosis in patients with unexplained recurrent pregnancy loss. 
Obstet Gynecol 2003;101:1229-35. [CrossRef]

21.	 Pedersen H, Fawcett DW. Biology of spermatozoa In Human 
semen and fertility regulation in men. Saint Louis:The CV Mosby 
Co; 1976. p.65.

22.	 Fawcett DW, Anderson WA, Phillips DM. Morphogenetic factors 
influencing the shape of the sperm head. Dev Biol 1971;26:220-51. 
[CrossRef]

23.	 Curry MR, Watson PF. Sperm structure and function. In: Gametes the 
Spermatozoon. Cambridge:Cambridge University Press; 1995. p.45.

24.	 Hafez ESE, Hafez SD. Atlas of clinical andrology. Oxon, 
UK:Taylor and Francis Group; 2005. p.15. [CrossRef]

25.	 Agarwal A, Said TM. Oxidative stress, DNA damage and apopto-
sis in male infertility: a clinical approach. BJU Int 2005;95:503-7. 
[CrossRef]

26.	 Tsunoda S, Kawano N, Miyado K, Kimura N, Fujii J. Impaired fertil-
izing ability of superoxide dismutase 1-deficient mouse sperm during 
in vitro fertilization. Biol Reprod 2012;87:121. [CrossRef]

27.	 de Lamirande E, Gagnon C. Reactive oxygen species and human 
spermatozoa. I. Effects on the motility of intact spermatozoa and 
on sperm axonemes. J Androl 1992;13:368-78.

28.	 Martínez-Pastor F, Aisen E, Fernández-Santos MR, Esteso MC, 
Maroto-Morales A, García-Alvarez O, et al. Reactive oxygen species 
generators affect quality parameters and apoptosis markers differently 
in red deer spermatozoa. Reproduction 2009;137:225-35. [CrossRef]

29.	 Gazo I, Shaliutina-Kolešová A, Dietrich MA, Linhartová P, 
Shaliutina O, Cosson J. The effect of reactive oxygen species on 
motility parameters, DNA integrity, tyrosine phosphorylation and 
phosphatase activity of common carp (Cyprinus carpio L.) sper-
matozoa. Mol Reprod Dev 2015;82:48-57. [CrossRef]

30.	 Morielli T, O’Flaherty C. Oxidative stress impairs function and 
increases redox protein modifications in human spermatozoa. 
Reproduction 2015;149:113-23. [CrossRef]

31.	 Weng SL, Taylor SL, Morshedi M, Schuffner A, Duran EH, Beebe 
S, et al. Caspase activity and apoptotic markers in ejaculated 
human sperm. Mol Hum Reprod 2002;8:984-91. [CrossRef]

32.	 Taylor SL, Weng SL, Fox P, Duran EH, Morshedi MS, Oehninger 
S, et al. Somatic cell apoptosis markers and pathways in human 
ejaculated sperm: potential utility as indicators of sperm quality. 
Mol Hum Reprod 2004;10:825-34. [CrossRef]

33.	 Archana M, Bastian Yogesh TL, Kumaraswamy KL. Various 
methods available for detection of apoptotic cells a review. Indian 
J Cancer 2013;50:274-83. [CrossRef]

34.	 Aitken RJ, Bronson R, Smith TB, De Iuliis GN. The source and 
significance of DNA damage in human spermatozoa; a commen-
tary on diagnostic strategies and straw man fallacies. Mol Hum 
Reprod 2013;19:475-85. [CrossRef]

35.	 Pérez-Cerezales S, Miranda A, Gutiérrez-Adán A. Comparison 
of four methods to evaluate sperm DNA integrity between mouse 
caput and cauda epididymidis. Asian J Androl 2012;14:335-7. 
[CrossRef]

197
Aydos et al.
Analysis of the correlation between sperm DNA integrity and conventional semen parameters in infertile men

http://dx.doi.org/10.1016/S0921-8777(97)00046-3
http://dx.doi.org/10.1089/ars.2010.3186
http://dx.doi.org/10.1073/pnas.0506468103
http://dx.doi.org/10.1016/j.ejogrb.2015.02.026
http://dx.doi.org/10.1093/humupd/dmh003
http://dx.doi.org/10.1038/aja.2010.68
http://dx.doi.org/10.1530/ror.0.0040038
http://dx.doi.org/10.1530/ror.0.0040031
http://dx.doi.org/10.1262/jrd.20250
http://dx.doi.org/10.1038/aja.2010.67
http://dx.doi.org/10.1046/j.1365-2605.1998.00079.x
http://dx.doi.org/10.1016/S0029-7844(03)00339-9
http://dx.doi.org/10.1016/0012-1606(71)90124-2
http://dx.doi.org/10.1201/b14619
http://dx.doi.org/10.1111/j.1464-410X.2005.05328.x
http://dx.doi.org/10.1095/biolreprod.112.102129
http://dx.doi.org/10.1530/REP-08-0357
http://dx.doi.org/10.1002/mrd.22442
http://dx.doi.org/10.1530/REP-14-0240
http://dx.doi.org/10.1093/molehr/8.11.984
http://dx.doi.org/10.1093/molehr/gah099
http://dx.doi.org/10.4103/0019-509X.118720
http://dx.doi.org/10.1093/molehr/gat025
http://dx.doi.org/10.1038/aja.2011.119

