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ABSTRACT

Evaluation of sperm quality has been mainly based on subjective parameters included in the 
spermiogram. Results of these parameters have been correlated with fertility but this relationship 
is not always true. Recently, for bull fertility assessment, sperm DNA integrity assessment has been 
proposed as an important index. Sperm DNA integrity has got an important role in success of fertilization 
process and fetal and offspring development. DNA integrity assessment has got a pivotal role in assisted 
reproductive techniques such as in vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI), 
besides sperm quality assessment and putative fertility predictor. Various techniques for assessment of 
sperm DNA integrity have been proposed. Using various sperm DNA integrity assays for detection and 
characterization of DNA fragmentation will aid in improving semen storage procedures by identification 
of various protocols which are less likely to be associated with DNA damage. Moreover, sperm DNA 
assays may help in screening bulls that produce good freezable semen with reasonable fertility.
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Various subjective parameters included in the 
spermiogram have been traditionally used for 
evaluation of semen quality (Colenbrander et 
al., 2003; Hidalgo et al., 2009). These routine 
semen parameters have been correlated with 
fertility but this relationship is not always true. 
For predicting fertilizing potential of semen, 
developing more sophisticated and advanced 
technologies continues to be a priority (Alkmin 
et al., 2013). An important aspect of sperm 
quality is sperm DNA integrity (Serafini et 
al., 2016). The integrity of sperm DNA is very 
important for the success of fertilization and 
the development of fetus and offspring (Lopes 

et al., 1998). Semen samples that had normal 
results in spermiogram were found infertile 
when assayed by DNA fragmentation assay 
(Giwercman et al., 2003). The assessment of 
DNA integrity has got a significant importance 
in case of assisted reproductive techniques such 
as in vitro fertilization or intracytoplasmic sperm 
injection (Carretero et al., 2012). DNA damage 
of 1.2–3% is normal in bulls with high fertility 
(Bochenek et al., 2001). Sperm DNA damages 
have been associated with the poor embryonic 
development and genetic abnormalities in the 
offspring (Kasimanickam et al., 2007; Loft et 
al., 2003). Sperm DNA assays may have an 
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important role in improving the selection of 
cattle and buffalo bulls having better quality 
frozen-thawed spermatozoa.

Causes of sperm DNA damage

Factors responsible for DNA damage in 
ejaculated spermatozoa are still not clear but 
two possibilities may be there (Sakkas et al., 
1999): programmed cell death (apoptosis) 
during spermatogenesis and errors in 
maturation during spermiogenesis. Apoptosis 
during spermatogenesis facilitates elimination 
of defective germ cells and contributes to 
efficiency of spermatogenesis. At the time 
of ejaculation, the DNA breakdown is only 
partially completed in some spermatozoa 
which cause a higher percentage of DNA 
fragmentation index (%DFI)in otherwise intact 
spermatozoa (Sakkas et al., 1999). Incomplete 
maturation during spermatogenesis also leads 
to increased %DFI due to the fact that positive 
association exists between sperm DNA damage 
and poor packaging of chromatin due to under 
protamination in mature sperm (Gorczyca et 
al., 1993). The freezing and thawing process 
performed on ram (Peris et al., 2004) and 
bovine (Celeghini et al., 2008; Januskauskas 
et al., 2003) sperm were shown to cause 
permanent structural alterations to DNA that, 
in turn, reduces fertility. The organization 
of sperm chromatin into stable and compact 
structures called toroids, which are attached 
to the nuclear matrix by toroid linker regions. 
These linker regions are highly prone to DNA 
damage (Ward and Coffey, 1991; Sotolongo 
et al., 2003). Enzymatic or oxidative damage 
can result in single (ssDNA) or double strand 
breaks (dsDNA) (Aitken et al., 2013). Breaks in 
ssDNA may result in impairment of fertilizing 
capacity (Ribas-Maynou et al. 2012b; Simon 
and Lewis, 2011), whereas dsDNA breaks may 
be responsible for interference in embryonic 
development and implantation (Lewis and 
Aitken, 2005). Three major hypotheses have 
been proposed to explain cellular mechanisms 
that result in the altered sperm DNA molecule. 

The first is related to torsional stress in 
unconstrained DNA supercoils and is a direct 
consequence of histone-protamine replacement 
during mid-spermiogenesis (McPherson and 
Longo, 1992; Marcon and Boissonneault, 
2004). The second hypothesis regards DNA 
fragmentation as a consequence of oxidative 
stress in the male reproductive tract (Aitken 
et al. 1998; Agarwal et al., 2003). The third 
hypothesis concerns apoptotic-related DNA 
strand breakage, similar to that which occurs 
in abortive apoptosis in somatic cells; the 
presence of caspase 9 in the midpiece and the 
occurrence of activated caspases 8, 1 and 3 in 
the post acrosomal region appeared to support 
this view (Paasch et al., 2004a). However, the 
etiologies of DNA damage are many and varied, 
ranging from bacterial infections (Gallegos et 
al., 2008), chemical toxicity (Rubes et al., 2005), 
elevated temperature (Evenson et al., 2000), 
diabetes (Agbaje et al., 2007), age (Singh et al., 
2003; Wyrobek et al., 2006), body mass (Kort 
et al., 2006), and genetic background (Rubes 
et al., 2007). Whereas many of the factors 
resulting in sperm DNA fragmentation are 
typically unavoidable, certain types of induced 
iatrogenic sperm DNA damage can become 
exacerbated when sperm are inappropriately 
manipulated in the laboratory. Reports have 
previously shown how changes in temperature 
excursions can affect the rate of sperm DNA 
fragmentation during in vitro incubation 
(Rubes et al., 2007). Oxidative stress has been 
implicated as a primary mechanism of DNA 
fragmentation in sperm (Aitken et al., 2006) 
and given that cryopreservation has also been 
shown to increase the level of reactive oxygen 
species in sperm (Mazzilli et al., 1995), it is likely 
also a primary cause of DNA fragmentation in 
cryopreserved sperm (Paasch et al., 2004a). 
Due care in the assessment of sperm DNA is 
particularly important in species with sperm 
predisposed to high rates of sperm DNA damage, 
including sheep (López-Fernández et al., 2008), 
humans (Gosálvez et al., 2009), and fish (López-
Fernández et al., 2009). This effect seems to 
be less critical in other species, e.g. pigs and 
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cattle, where sperm have much lower rates of 
DNA fragmentation following cryopreservation 
(López-Fernández et al., 2009). Spermatozoa 
from rams with superior field fertility displayed 
increased sperm motility, viability, and sperm 
nuclear size. Exposure of sperms to UV light 
was also effective in producing fragmented 
DNA (Carretero et al., 2012). Bull spermatozoa 
that were irradiated with UV light, used in 
IVF, failed to produce embryos beyond 2-cell 
stage, suggesting functional destruction of 
sperm genomic component by UV irradiation 
(Bordignon and Smith, 1999). DNA integrity 
of post-thaw sperm is affected by freezing 
distance and cooling velocity in both manual 
and automated freezing processes. Higher DNA 
fragmentation has been reported in fresh sperm 
of inbred mice compared to outbred and hybrid 
mice. Hypo-osmotic solutions result in higher 
DNA damage as compared to hyper-osmotic 
solutions in mouse spermatozoa (Yildiz et al., 
2010). Chill storage of semen for 48 hours leads 
to significantly increased DNA fragmentation 
in canine (Hidalgo et al., 2009) and equine 
(López-Fernández et al., 2007) semen. It is 
suggested that DNA damage in case of chilled 
spermatozoa occurs before than decline sperm 
quality (Hidalgo et al., 2009). 

Assessment of sperm DNA damage

For evaluation of different aspects of the sperm 
DNA structure, many techniques including 
single cell gel electrophoresis method (Comet 
assay), Sperm Chromatin Structure Assay 
(SCSA) and Sperm Bos Halomax (SBH) assay 
have been developed. SCSA identifies the ratio 
of ssDNA (abnormal) to dsDNA (native) in the 
exposed toroid linker regions, but not in the 
more compact toroids (Shaman and Ward, 
2006). SCSA has been widely used to assess 
sperm DNA quality in men (Evenson et al., 
1980), bulls (Fortes et al., 2012; D’Occhio et 
al., 2013), stallions (Love and Kenney, 1998) 
and boars (Evenson et al., 1994). Contrarily to 
SCSA, for identification of ssDNA and dsDNA 
breaks. Comet assays allow accessibility to 

both toroid and toroid linker regions (Shaman 
et al., 2007). Sperm DNA breaks move away 
from the head region to form comets following 
electrophoresis, while as intact DNA remains 
in the actual head position (Shaman and 
Ward, 2006). Breaks in ssDNA and dsDNA are 
identified by alkaline Comet assay, whereas 
neutral Comet assay identifies mainly dsDNA 
breaks. In contrast Baumgartner et al. (2009) 
proposed that alkaline Comet assay identifies 
only ssDNA breaks and neutral Comet assay 
identifies dsDNA breaks and closely related 
ssDNA breaks. Based on Sperm Chromatin 
Dispersion Test (SCDT) for humans, the sperm 
DNA integrity in bulls has been assessed by 
Sperm Bos Halomax (SBH) assay (Fernandez 
et al., 2003). SBH assay is similar to Comet 
assay except that treated spermatozoa remain 
unexposed to an electrophoretic field in the 
former. Larger halos are produced due to greater 
DNA fragmentation and less fragmentation of 
DNA yields smaller halos (García-Macías et al., 
2007). Which Comet assay (neutral or alkaline) 
may be more accurate for sperm DNA quality 
evaluation remained unclear (Zee et al., 2009; 
Enciso et al., 2011; Ribas-Maynou et al., 2012a; 
Serafini et al., 2015). Cortes-Gutierrez et al., 
(2007) classified DNA fragmentation evaluation 
techniques into two groups. The first group 
includes various methods that are used to 
mark double and simple strand breaks. These 
include incorporation of marked nucleotides in 
situ such as terminal dUTP nick-end labeling 
(TUNEL) or in situ nick translation (ISNT) by 
application of enzymatic processes. The second 
group comprises the techniques that assess 
the denaturalizing ability of chromatin after 
treatment. This group includes techniques such 
as sperm chromatin structure assay (SCSA), 
single-cell-gel-electrophoresis (SCGE), or comet 
assay, the DNA breakage detection-fluorescence 
in situ hybridization (DBD-FISH) and the sperm 
chromatin dispersion (SCD) test. Using neutral 
and alkaline Comet assays, lesser ssDNA and 
dsDNA breaks had been reported in fertile men 
as compared to subfertile men (Ribas-Maynou 
et al., 2012b). 
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Sperm DNA damage in relation to fertility

An important index of fertility potential in vitro 
is sperm DNA integrity (Nijs et al., 2011). Using 
neutral and alkaline Comet assays, lesser ssDNA 
and dsDNA breaks had been reported in fertile 
men as compared to subfertile men (Ribas-
Maynou et al., 2012b). In case of non sex-sorted 
sperm as compared to sex-sorted sperm of bull, 
neutral Comet assay revealed more DNA breaks 
in non-sorted sperm as compared to sex-sorted 
sperm (Boe-Hansen et al., 2005). 

Fertile males have high sperm motility, 
morphology and SCSA measures and consistent 
with sperm quality (Ballachey et al., 1988; 
Love and Kenney, 1998; Serafini et al., 2016). 
In equines (Serafini et al., 2014) and bovines 
(Serafini et al., 2016), the sensitivity values 
of these DNA assays were high (80–86%) and 
specificity values were low (15–26%), which 
provides an indication that these tests are 
better predictor of likelihood of pregnancy 
(i.e., sensitivity) compared to non-pregnancy 
(i.e., specificity). Sperm DNA assays may have 
an important role in improving the selection 
of buffalo bulls having better quality frozen-
thawed spermatozoa. Regarding DNA quality 
assessment, complementary information to 
the SCSA may be provided by neutral Comet 
assay (Serafini et al., 2016). Using the SCSA 
technique, in sexually mature rams, under 
nutrition leads to higher sperm DNA damage 
than in sperm from well-fed rams (Guan et al., 
2014). Variation in DNA fragmentation index 
(DFI %) among different breeds of sheep has 
already been reported (Malama et al., 2013). 
Semen collection frequency affects DNA damage 
in boars (Strzeiek et al., 1995) and may also 
be responsible for alteration in DFI (%) (Guan 
et al., 2014). In human spermatozoa, distinct 
cutoff values for % DFI associated with low 
fertility (15%) and sterility (30%) have been 
established (Evenson et al., 1999). Due to 
well establish differences between chromatin 
packaging density between humans and rams, 
the %DFI in rams is much lower (Evenson et 
al., 2002). Presences of genetic material defects 

viz., impairments in chromatin condensation, 
DNA integrity or chromosomal abnormalities 
are associated with infertility (Aravindan et 
al., 1997; Tsarev et al., 2009). Heat stress 
is one of the potent causes responsible for 
compromised sperm DNA integrity (Banks et 
al., 2005; Perez-Crespo et al., 2008; Carretero 
et al., 2012). Exposure of sperms to UV light 
was also effective in producing fragmented 
DNA (Carretero et al., 2012). DNA damages 
in spermatozoa have been associated with 
poor embryonic development and offspring 
genetic abnormalities (Kasimanickam et al., 
2007; Loft et al., 2003). Functionally intact 
sperm membranes are essential to achieve 
fertilization and integrity of DNA is necessary 
for development of embryo. Although, Reactive 
oxygen species (ROS) in semen play roles in 
normal fertilization processes (Agarwal et al., 
2006) but high levels of ROS cause damage 
to spermatozoa and result in infertility (Yeni 
et al., 2010). Sperm DNA damage is related to 
semen quality and DNA damage is higher in 
poor quality semen samples as compared to 
good quality semen samples (Aoki et al., 2005; 
Sailer et al., 1995). Abnormal spermatozoa have 
capability to fertilize but lack ability to maintain 
pregnancy and before morulla stage, embryos 
are lost (Paul et al., 2009; Fatehi et al., 2006; 
Saleh et al., 2003).

In conclusion, sperm DNA quality is vital 
for conveyance of genetic material to the 
next generation. In assisted reproductive 
techniques such as in vitro fertilization (IVF) 
and intracytoplasmic sperm injection (ICSI), 
assessment of sperm DNA integrity has now 
a day’s got a pivotal role. Alterations in sperm 
DNA integrity may be responsible for impaired 
development of embryo and hence offspring 
abnormalities. Apoptosis and erroneous 
maturation are some potent factors leading to 
DNA damage in ejaculated spermatozoa. Three 
hypotheses proposed to explain alterations 
in DNA integrity include torsional stress due 
to histone-protamine replacement during 
mid-spermiogenesis, fragmentation of DNA 
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in the male tract due to oxidative stress and 
apoptotic-related DNA strand breakage. DNA 
fragmentation detection and characterization 
using various assays will not only help in 
selection of good freezable bulls but also play 
role in identification of various protocols that 
are less likely to be associated with DNA damage 
and thus aid in improving semen storage 
procedures.

REFERENCES
Agarwal, A., Saleh, R.A. and Bedaiwy, M.A. 2003. 

Role of reactive oxygen species in the patho-
physiology of human reproduction. Fertil. Steril. 
79: 829–843.

Agarwal, A., Sharma, R.K., Nallella, K.P., Thomas, 
A.J., Alvarez, J.G. and Sikka, S.C. 2006. Reactive 
oxygen species as an independent marker of male 
factor infertility. Fertil. Steril. 86: 878–885.

Agbaje, I.M., Rogers, D.A., McVicar, C.M., McClure, 
N., Atkinson, A.B., Mallidis, C. and Lewis, S.E. 
2007. Insulin dependent diabetes mellitus: 
implications for male reproductive function. Hum. 
Reprod. 22(7): 1871-1877.

Aitken, R.J. and Baker, M.A. 2006. Oxidative stress, 
sperm survival and fertility control. Mol. Cell 
Endocrinol., 250: 66–69.

Aitken, R.J., Bronson, R., Smith, T.B. and De Iuliis, 
G.N. 2013. The source and significance of DNA 
damage in human spermatozoa: a commentary on 
diagnostic strategies and straw man fallacies. Mol. 
Hum. Reprod. 19: 475–485.

Aitken, R.J., Gordon, E., Harkiss, D., Twigg, J.P., 
Milne, P., Jennings, Z. and Irvine, D.S. 1998. 
Relative impact of oxidative stress on the functional 
competence and genomic integrity of human 
spermatozoa. Biol. Reprod. 59: 1037–1046.

Alkmin, D.V., Martinez-Alborcia, M.J., Parrilla, I., 
Vazquez, J.M., Martinez, E.A. and Roca, J. 2013. 
The nuclear DNA longevity in cryo-preserved boar 
spermatozoa assessed using the Sperm-Sus-
Halomax. Theriogenology. 79: 1294–300.

Aoki, V.W., Moskovtsev, S.I., Willis, J., Liu, L., 
Mullen, J.B.M. and Carrell, D.T. 2005. DNA 
integrity is compromised in protamine-deficient 
human sperm. J. Androl. 26: 741–748.

Aravindan, G.R., Bjordahl, J., Jost, L.K. and Evenson, 
D.P. 1997. Susceptibility of human sperm to in 

situ DNA denaturation is strongly correlated 
with DNA strand breaks identified by single-cell 
electrophoresis. Exp. Cell Res. 236(1): 231–237.

Ballachey, B.E., Evenson, D.P. and Saacke, R.G. 
1988. The sperm chromatin structure assay 
relationship with alternate tests of semen quality 
and heterospermic performance of bulls. J. Androl. 
9:109–15.

Banks, S., King, S.A., Irvine, D.S. and Saunders, P.T. 
2005. Impact of a mild scrotal heat stress on DNA 
integrity in murine spermatozoa. Reproduction. 
129: 505–14.

Baumgartner, A., Cemeli, E. and Anderson, D. 2009. 
The comet assay in male reproductive toxicology. 
Cell Biol. Toxicol. 25: 81–98.

Bochenek, M., Smorag, Z. and Pilch, J. 2001. Sperm 
chromatin structure assay of bulls qualified for 
artificial insemination. Theriogenology. 56: 557–
56.

Boe-Hansen, G.B., Ersboll, A.K. and Christensen, P. 
2005. Variability and laboratory factors affecting 
the sperm chromatin structure assay in human 
semen. J. Androl. 26: 360–368.

Bordignon, V. and Smith, L.C. 1999. Ultraviolet-
irradiated spermatozoa activate oocytes but arrest 
preimplantation development after fertilization 
and nuclear transplantation in cattle. Biol Reprod. 
61: 1513–1520.

Carretero, M.I., Lombardo, D., Arraztoa, C.C., 
Giuliano, S.M., Gambarotta, M.C. and Neild, D.M. 
2012. Evaluation of DNA fragmentation in llama 
(Lama glama) sperm using the sperm chromatin 
dispersion test. Ani Rep Sci. 13: 63–71.

Celeghini, E.C.C., Arruda, R.P., Andrade, A.F.C., 
Nascimento, J., Raphael, C.F. and Rodrigues, 
P.H.M. 2008. Effects that bovine sperm 
cryopreservation using two different extenders 
has on sperm membranes and chromatin. Anim. 
Reprod. Sci. 104: 119-131.

Colenbrander, B., Gadella, B.M. and Stout, T.A. 
2003. The predictive value of semen analysis in 
the evaluation of stallion fertility. Reprod. Domest. 
Anim. 38: 305–11.

Cortes-Gutierrez, E.I., Davila-Rodriguez, M.I., Lopez-
Fernandez, C., Fernandez, .L. and Gosalvez, J. 
2007. Evaluacion del da˜no del DNA espermatico. 
Act. as Urol. Esp. 31(2): 120–131.

D’Occhio, M.J., Hengstberger, K.J., Tutt, D., 
Holroyd, R.G., Fordyce, G., Boe-Hansen, G.B. and 



18	 Theriogenology Insight: 7(1): 1-9, April, 2017

Lone et al.

Johnston, S.D. 2013. Sperm chromatin in beef 
bulls in tropical environments. Theriogenology. 
79: 946–952.

Enciso, M., Iglesias, M., Galan, I., Sarasa, J., 
Gosalvez, A. and Gosalvez, J. 2011. The ability 
of sperm selection techniques to remove single or 
double-strand DNA damage. Asian J. Androl. 13: 
764–768.

Evenson, D. and Jost, L. 2000. Sperm chromatin 
structure assay is useful for fertility assessment 
methods. Cell Sci. 22:169–189.

Evenson, D.P., Darzynkiewicz, Z. and Melamed, M.R. 
1980. Relation of mammalian sperm chromatin 
heterogeneity to fertility. Sci. 210: 1131–1133.

Evenson, D.P., Jost, L.K., Marshall, D., Zinaman, 
M.J., Clegg, E., Purvis, K., deAngelis, P. and 
Claussen, O.P. 1999. Utility of the sperm 
chromatin structure assay as a diagnostic and 
prognostic tool in the human fertility clinic. Hum. 
Reprod. 14: 1039–1049.

Evenson, D.P., Larson, K.L. and Jost, L.K. 2002. 
Sperm chromatin structure assay: its clinical use 
for detecting sperm DNA fragmentation in male 
infertility and comparisons with other techniques. 
J. Androl. 23: 25–43.

Evenson, D.P., Thompson, L. and Jost, L. 1994. 
Flow cytometric evaluation of boar semen by the 
sperm chromatin structure assay as related to 
cryopreservation and fertility. Theriogenology. 41: 
637–651.

Fatehi, A.N., Bevers, M.M., Schoevers, E., Roelen, 
B.A.J., Colenbrander, B. and Gadella B.M. 2006. 
DNA damage in bovine sperm does not block 
fertilization and early embryonic development 
but induces apoptosis after the first cleavages. J. 
Androl. 27: 176–88.

Fernandez, J.L., Muriel, L., Rivero, M.T., Goyanes, 
V., Vazquez, R. and Alvarez, J.G. 2003. The sperm 
chromatin dispersion test: a simple method for 
the determination of sperm DNA fragmentation. J. 
Androl. 24: 59–66.

Fortes, M.R., Holroyd, R.G., Reverter, A., Venus, 
B.K., Satake, N.,Boe-Hansen, G.B., 2012. The 
integrity of sperm chromatin in youngtropical 
composite bulls. Theriogenology. 78: 326–333.

Gallegos, G., Ramos, B., Santiso, R., Goyanes, V., 
Gosálvez, J., Fernández, J.L., 2008. Sperm DNA 
fragmentation in infertile men with genitourinary 
infection by Chlamydia trachomatis and 
Mycoplasma. Fertil. Steril. 90: 328–334.

García-Macías, V., De Paz, P., Martinez-Pastor, 
F., Alvarez, M.,Gomes-Alves, S., Bernardo, J., 
Anel, E. and Anel, L. 2007. DNA fragmentation 
assessment by flow cytometry and Sperm-Bos-
Halomax (bright-field microscopy and fluorescence 
microscopy) in bull sperm. Int. J. Androl. 30: 88–
98.

Giwercman, A., Richthoff, J., Hjøllund, H., Bonde, 
J.P., Jepson, K. and Frohm, B. 2003. Correlation 
between sperm motility and sperm chromatin 
structure assay parameters. Fertil Sterility. 80: 
1404–12.

Gorczyca, W., Traganos, F., Jesionowska, H. and 
Darzynkiewicz, Z. 1993. Presence of DNA strand 
breaks and increased sensitivity of DNA in situ 
to denaturation in abnormal human sperm cells: 
analogy to apoptosis of somatic cells. Exp Cell Res. 
207: 202–205.

Gosálvez, J., Cortés-Gutierrez, E.I. and López-
Fernández C. 2009. Sperm deoxyribonucleic acid 
fragmentation dynamics in fertile donors. Fert. 
and Ster. 92(1): 170–173.

Guan, Y., Malecki, I.A., Hawken, P.A., Linden, M.D. 
and Martin, G.B. 2014. Under-nutrition reduces 
spermatogenic efficiency and sperm velocity, and 
increases sperm DNA damage in sexually mature 
male sheep. Animal Reproduction Science. 149: 
163–172.

Hidalgo, M., Murabito, M.R., Galvez, M.J., Demyda, 
S., De Luca, L.J., Moreno, M. and Dorado, J. 
2009. Assessment of sperm DNA fragmentation in 
canine ejaculates using the Sperm-Haolmax® kit: 
preliminary results. Reprod. Fertil. Dev. 22: 312- 
313.

Januskauskas, A., Johannisson, A. and Rodriguez-
Martinez, H. 2003. Subtle membrane changes in 
cryopreserved bull semen in relation with sperm 
viability, chromatin structure, and field fertility. 
Theriogenplogy. 60: 743–58.

Kasimanickam, R., Kasimanickam, V., Pelzer, K.D. 
and Dascanio, J.J. 2007. Effect of breed and 
sperm concentration on the changes in structural, 
functional and motility parameters of ram–lamb 
spermatozoa during storage at 40C. Anim. Reprod. 
Sci. 101: 60–73.

Kort, H.I., Massey, J.B., Elsner, C.W., Mitchell-Leef, 
D., Shapiro, D.B., Witt, M.A. and Roudebush, W.E. 
2006. Impact of body mass index values on sperm 
quantity and quality. J. Androl. 27: 450-452.



Sperm DNA damage and fertility

Theriogenology Insight: 7(1): 1-9, April, 2017	 19

Lewis, S.E.M. and Aitken, R.J. 2005. DNA damage 
to spermatozoa has impacts on fertilization and 
pregnancy. Cell Tissue Res. 322(1): 33–41.

Loft, S., Kold-Jensen, T., Hjollund, N.H., Givercman, 
A., Gyllemborg, J., Ernst, E., Olsen, J., Scheike, 
t., Poulsen, H.E. and Bonde, J.P. 2003. Oxidative 
DNA damage in human sperm influences time to 
pregnancy. Hum. Reprod. 18: 1265–1272.

Lopes, S., Sun, J.G., Jurisicova, A., Meriano, J. and 
Casper, R.F. 1998. Sperm deoxyribonucleic acid 
fragmentation is increased in poor-quality semen 
samples and correlates with failed fertilization in 
intracytoplasmic sperm injection. Fertil. Steril. 69: 
528–532.

López-Fernández, C., Crespo, F., Arroyo, F., 
Fernández, J.L., Arana, P. and Johnston, S.D. 
2007. Dynamics of sperm DNA fragmentation in 
domestic animals: II. The stallion. Theriogenology. 
68: 1240–50.

López-Fernández, C., Fernández, J.L., Gosálbez, A., 
Arroyo, F., Vázquez, J.M., Holt, W.V. and Gosálvez, 
J. 2008. Dynamics of sperm DNA fragmentation 
in domestic animals III. Ram. Theriogenology. 70: 
898-908.

Lopez-Fernandez, C., Gage, M.J.G., Arroyo, F., 
Gosalbez, A., Larran, A.M., Fernandez, J.L. and 
Gosalvez, J. 2009. Rapid rates of sperm DNA 
damage after activation in tench (Tinca tinca: 
Teleostei, Cyprinidae) measured using a sperm 
chromatin dispersion test. Reproduction. 138: 
257-266.

Love, C.C. and Kenney, R.M. 1998. The relationship 
of increased susceptibility of sperm DNA 
to denaturation and fertility in the stallion. 
Theriogenology. 50: 955–72.

Malama, E., Bollwein, H., Taitzoglou, I.A., Theodosiou, 
T., Boscos, C.M. and Kiossis, E. 2013. Chromatin 
integrity of ram spermatozoa. Relationships to 
annual fluctuations of scrotal surface temperature 
and temperature–humidity index. Theriogenology. 
80: 533–541.

Marcon, L., and Boissonneault, G. 2004. Transient 
DNA strand breaks during mouse and human 
spermiogenesis new insights in stage specificity 
and link to chromatin remodeling. Biol. Reprod. 
70: 910–918.

Mazzilli, F., Rossi, T., Sabatini, L., Pulcinelli, F.M., 
Rapone, S., Dondero, F. and Gazzaniga, P.P. 1995. 
Human sperm cryopreservation and reactive 
oxygen species (ROS) production. Acta. Eur. Fertil. 
26: 145–148.

Mcpherson, S.M.G. and Longo, F.J. 1992. Localization 
of DNase I hypersensitive regions during rat 
spermatogenesis: stage-dependent patterns and 
unique sensitivity of elongating spermatids. Mol. 
Reprod. Dev. 31: 268–79.

Nijs, M., De Jonge, C., Cox, A., Janssen, M., 
Bosmans, E. and Ombelet, W. 2011. Correlation 
between male age, WHO sperm parameters, DNA 
fragmentation, chromatin packaging and outcome 
in assisted reproduction technology. Andrologia. 
43: 174–9.

Paasch, U., Grunewald, S., Agarwal, A. and Glander, 
H.J. 2004a. The activation pattern of caspases in 
human spermatozoa. Fert. and Ster., 81: 802–809.

Paul, C., Teng, S. and Saunders, P.T. 2009. A single, 
mild, transient scrotal heat stress causes hypoxia 
and oxidative stress in mouse testes, which 
induces germ cell death. Biol. Reprod. 80: 913–9.

Perez-Crespo, M., Pintado, B. and Gutierrez-Adan, 
A. 2008. Scrotal heat stress effects on sperm 
viability, sperm DNA integrity, and the offspring 
sex ratio in mice. Mol. Reprod. Dev. 75(1): 40–47.

Peris, S.I., Morrier, A., Dufour, M. and Bailey, J.L. 
2004. Cryopreservation of ram semen facilitates 
sperm DNA damage relationship between sperm 
andrological parameters and the sperm chromatin 
structure assay. J Androl. 25: 224–233.

Ribas-Maynou, J., Garcia-Peiro, A., Abad, C., 
Amengual, M.J., Navarro, J. and Benet, J. 2012a. 
Alkaline and neutral Comet assay profiles of sperm 
DNA damage in clinical groups. Hum. Reprod. 27: 
652–658.

Ribas-Maynou, J., Garcia-Peiro, A., Fernandez-
Encinas, A., Amengual, M.J., Prada, E., Cortes, 
P., Navarro, J. and Benet, J. 2012b. Double 
stranded sperm DNA breaks, measured by Comet 
assay, are associated with unexplained recurrent 
miscarriage in couples without a female factor. 
PLoS one. 7: e44679.

Rubes, J., Selevan, S.G. and Sram, R.J. 2007. GSTM1 
genotype influences the susceptibility of men to 
sperm DNA damage associated with exposure to 
air pollution. Mutation Res. 625: 20–28.

Rubes, J., Selevan, S.G., Evenson, D.P., Zudova, 
D., Vozdova, M., Zudova, Z., Robbins, W.A. and 
Perreault, S.D. 2005. Episodic air pollution is 
associated with increased DNA fragmentation in 
human sperm without other changes in semen 
quality. Hum. Reprod. 20:2776–2783.



20	 Theriogenology Insight: 7(1): 1-9, April, 2017

Lone et al.

Sailer, B.L., Lost, L.K. and Evenson, D.P. 1995. 
Mammalian sperm DNA susceptibility to in situ 
denaturation associated with the presence of DNA 
strand breaks as measured by terminal deoxy 
nucleotidyl transferase assay. J. Androl. 16: 80–
87.

Sakkas, D., Mariethoz, E., Manicardi, G., Bizzaro, 
D., Bianchi, P.G. and Bianchi, U. 1999. Origin of 
DNA damage in ejaculated human spermatozoa. 
Rev. Reprod. 4: 31–37.

Saleh, R.A., Agarwal, A., Nada, E.A., El-Tonsy, M.H., 
Sharma, R.K. and Meyer, A. 2003. Negative effects 
of increased sperm DNA damage in relation to 
seminal oxidative stress in men with idiopathic 
and male factor infertility. Fertil. Steril. 79: 1597–
605.

Serafini, R., Longobardi, V., Spadetta, M., Neri, D., 
Ariota, B., Gasparrini, B. and Di Palo, R. 2014. 
Trypan blue/giemsa staining to assess sperm 
membrane integrity in salernitano stallions and 
its relationship to pregnancy rates. Reprod Domest 
Anim. 49(1): 41–47.

Serafini, R., Love, C.C., Coletta, A., Mari, G., Mislei, 
B.,  Caso, C. and  Di Palo, R. 2016. Sperm DNA 
integrity in frozen-thawed semen from Italian 
Mediterranean Buffalo bulls and its relationship 
to in vivo fertility. Animal Reproduction Science. 
172: 26–31.

Serafini, R., Romano, J.E., Varner, D.D., Di Palo, R. 
and Love, C.C. 2015. Sperm DNA assays and their 
relationship to sperm motility and morphology in 
bulls (Bos taurus). Ani Rep Sci., 159: 77–86.

Shaman, J.A. and Ward, W.S. 2006. Sperm 
chromatin stability and susceptibility to damage 
in relation to its structure. In: De Jonge, C., 
Barratt, C. (Eds.), The Sperm Cell: Production, 
Maturation, Fertilization and Regeneration. The 
University Press of Cambridge, New York, NY, pp. 
31–48.

Shaman, J.A., Yamauchi, Y. and Ward, W.S. 2007. 
Function of the sperm nuclear matrix. Arch. 
Androl. 53: 135–140.

Simon, L. and Lewis, S.E. 2011. Sperm DNA damage 
or progressive motility: which one is the better 
predictor of fertilization in vitro? Syst. Biol. Reprod. 
Med. 57:133–138.

Singh, N.P., Muller, C.H. and Berger, R.E. 2003. 
Effects of age on DNA double strand breaks and 
apoptosis in human sperm. Fertil. Steril. 80: 
1420–1430.

Sotolongo, B., Lino, E., and Ward, W.S. 2003. Ability 
of hamster spermatozoa to digest their own DNA. 
Biol Reprod. 69: 2029–2035.

Strzeiek, A., Kordan, W., Glogowski, J., Wysocki, 
P. and Borkowski, K. 1995. Influence of semen-
collection frequency on sperm quality in boars,with 
special reference to biochemical markers. Reprod 
Domest Anim. 30: 85–94.

Tsarev, I., Bungum, M., Giwercman, A., Erenpreisa, 
J., Ebessen,T., Ernst, E. and Erenpreiss, J. 
2009. Evaluation of male fertility potential by 
toluidine blue test for sperm chromatin structure 
assessment. Hum. Reprod. 24(7): 1569–1574.

Ward, W.S. and Coffey, D.S. 1991. DNA packaging 
and organization in mammalian spermatozoa: 
comparison with somatic cells. Biol. Reprod. 44: 
569–574.

Wyrobek, A.J., Eskenazi, B., Young, S., Arnheim, 
N., Tiemann-Boege, I., Jabs, E.W., Glaser, R.L., 
Pearson, F.S. and Evenson, D. 2006. Advancing 
age has differential effects on DNA damage 
chromatin integrity, gene mutations, and 
aneuploidies in sperm. Proc. Natl. Acad. Sci. U. S. 
A. 103: 9601–9606.

Yeni, D., Gundogan, M., Cigerci, I.H., Avdatek, F. and 
Fidan, A.F. 2010. Seasonal variation of oxidative 
stress parameters in ram seminal plasma. J Anim 
Vet Adv. 9: 49–54.

Yildiz, C., Napoleon, L., Ottaviani, P., Jarvi, K. and 
McKerlie, C. 2010. Comparison of sperm quality 
and DNA integrity in mouse sperm exposed to 
various cooling velocities and osmotic stress. 
Theriogenology. 74: 1420–1430.

Zee, Y.P., Lopez-Fernandez, C., Arroyo, F., Johnston, 
S.D., Holt, W.V. and Gosalvez, J. 2009. Evidence 
that single-stranded DNA breaks are abnormal 
feature of koala sperm chromatin, while double-
stranded DNA breaks are indicative of DNA 
damage. Reproduction. 138: 267–278.


