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Previous studies suggest that sperm DNA fragmentation may be associated with 
aneuploidy. However, currently available tests have not made it possible to simultaneously 
perform DNA fragmentation and chromosomal analyses on the same sperm cell. The 
recently introduced sperm chromatin dispersion (SCD) test allows users to determine this 
relationship. Semen samples from 16 males, including 4 fertile donors, 7 
normozoospermic, 3 teratozoospermic, 1 asthenozoospermic, and 1 oligoasthenoteratozoospermic, were 

processed for DNA fragmentation analysis by the SCD test using the Halosperm kit. Three-color fluorescence in situ 
hybridization (FISH) was performed on SCD-processed slides to determine aneuploidy for chromosomes X, Y, and 
18. Spermatozoa with DNA fragmentation showed a 4.4 ± 1.9-fold increase in diploidy rate and a 5.9 ± 3.5-fold 
increase in disomy rate compared to spermatozoa without DNA fragmentation. The overall aneuploidy rate was 4.6 
± 2.0-fold higher in sperm with fragmented DNA (Wilcoxon rank test: P < .001 in the 3 comparisons). A higher 
frequency of DNA fragmentation was found in sperm cells containing sex chromosome aneuploidies originated in 
both first and second meiotic divisions. The observed increase in aneuploidy rate in sperm with fragmented DNA 
may suggest that the occurrence of aneuploidy during sperm maturation may lead to sperm DNA fragmentation as 
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part of a genomic screening mechanism developed to genetically inactivate sperm with a defective genomic 
makeup.  

     Key words: Human, fragmentation

The presence of spermatozoa with extensive DNA breaks is a well-established observation in human 

ejaculates. A number of studies have demonstrated that the proportion of sperm with fragmented DNA 

appears to be higher in infertile males compared to fertile controls (Ollero et al, 2001; Agarwal 

and Said, 2003). Moreover, men with abnormal semen parameters are more likely to show a higher 

percentage of sperm nuclear DNA damage than men with normal semen parameters (Lopes et al, 1998; 

Irvine et al, 2000; Ollero et al, 2001; Sakkas et al, 2003). Defects in chromatin and DNA structure 

are important parameters to evaluate in order to assess sperm quality. Accumulating evidence shows 

that they could be indicative of male subfertility regardless of sperm concentration, percent 

motility, and morphology (Evenson et al, 1999, 2002). The determination of sperm DNA fragmentation, 

using a variety of assays, could be of great value in the assessment of the fertility potential of 

spermatozoa in vivo (Evenson et al, 1999; Spano et al, 2000), after intrauterine insemination (IUI; 

Duran et al, 2002; Bungum et al, 2004), in vitro fertilization (IVF; Sun et al, 1997; Henkel et al, 

2004), or intracytoplasmatic sperm injection (ICSI) (Lopes et al, 1998; Virro et al, 2004). 

Although the significance of sperm DNA fragmentation in human reproduction is well established, the 

underlying mechanisms responsible for the induction of DNA fragmentation in sperm are poorly 

understood. Several mechanisms have been proposed to explain the presence of sperm with fragmented 

DNA in the ejaculate (Agarwal and Said, 2003). Sperm DNA breaks could be result of defective 

spermiogenesis, due to unrepaired DNA breaks generated during the process of chromatin remodeling 

(Manicardi et al, 1995; McPherson and Longo, 1992). Another mechanism could be DNA damage induced by 

oxidative stress. This could be the result of exposure of mature spermatozoa to excessive levels of 

reactive oxygen species (ROS) produced by immature sperm during comigration from the seminiferous 

tubules to the epididymis (Aitken et al, 1998,Aitken et al, 1998; Ollero et al, 2001; Agarwal et al, 

2003). Finally, DNA fragmentation could be caused by an apoptotic DNA degradation process (Gorczyca 

et al, 1993) resembling that observed in somatic cells.  

Sperm may also be genetically defective at the chromosomal level, containing numerical and/or 

structural chromosomal aberrations (Egozcue et al, 2000). The use of the interspecific in vitro 

fertilization system between human sperm and golden hamster oocytes has allowed the study of sperm-

derived chromosomes. These sperm karyotyping studies have demonstrated that human spermatozoa 

contain higher baseline numerical and structural chromosome aberrations compared to somatic cells, 

as well as a higher incidence of chromosome aberrations after in vitro and in vivo exposure to 

different mutagens (Martin et al, 1989; Genesca et al, 1990; Kamiguchi and Tateno, 2002). More 

recently, the use of fluorescence in situ hybridization (FISH) has demonstrated a higher rate of 

sperm chromosome aneuploidies in infertile men compared with fertile men (Levron et al, 2001; Ohasi 

et al, 2001). Furthermore, the frequency of aneuploidies appears to be higher in semen samples of 

poor quality (eg, from oligoasthenoteratozoospermic patients) (Vegetti et al, 2000; Rubio et al, 

2001). The higher incidence of chromosome anomalies in sperm from infertile men and from males with 

poor sperm quality is correlated with higher levels of sperm DNA fragmentation. Furthermore, it has 

been shown that sperm with a higher aneuploidy rate have lower pregnancy and implantation rates 

after ICSI (Rubio et al, 2001), similarly to those samples with higher levels of DNA fragmentation 

(Lopes et al, 1998,Lopes et al, 1998; Virro et al, 2004).  



We have recently developed a new test for the determination of DNA fragmentation in human sperm 

(Fernández et al, 2003). Sperm are immersed in an agarose matrix on a slide, treated with an acid 

solution to denature DNA strands with DNA breaks, and then lysed to remove the membranes and 

proteins. Removal of nuclear proteins results in nucleoids with a core and with a peripheral halo of 

dispersion of DNA loops. Recognition/detection of DNA breaks with the DNA breakage fluorescence in 

situ hybridization (DBD-FISH) procedure (Fernández and Gosálvez, 2002) demonstrated that those sperm 

nuclei with DNA fragmentation do not produce halos of dispersion of DNA loops or produce very small 

halos, whereas those without DNA fragmentation release their DNA loops forming large halos. This 

relatively simple technique has been designated the sperm chromatin dispersion (SCD) test, and has 

been recently modified and improved (Halosperm kit; INDAS Laboratories, Madrid, Spain) (Fernández et 

al, 2005).  

The SCD test is the only DNA fragmentation assay currently available that allows the simultaneous 

determination of sperm DNA fragmentation and chromosomal analysis by FISH on the same sperm cell. 

Although FISH analysis could be performed on the comets (Santos et al, 1997), those comets with 

fragmented DNA show extremely diffused fragments, thus making discrimination of the signals 

difficult. In contrast, these DNA fragments remain close together when the SCD test is performed. In 

addition, the use of the Halosperm kit further facilitates FISH analysis compared to the original 

SCD test protocol (Fernández et al, 2003). In the latter protocol (Fernández et al, 2005), the lysis 

is considerably more aggressive, resulting in 1) removal of the sperm tails and 2) removal of the 

chromatin from the halos after FISH denaturation, incubation, and washing steps. In contrast, the 

newly improved SCD protocol, using the Halosperm kit, allows better preservation of both the 

flagellum and nuclear chromatin. Therefore, sperm cells can be better discriminated from other cell 

types, and the chromatin is more resistant to the denaturation and washing steps used in FISH. This 

advantage was exploited in the present study to determine, for the first time, the incidence of 

aneuploidies in spermatozoa with fragmented DNA compared to spermatozoa without DNA fragmentation.  

 

Semen Samples

Semen samples from 16 males, 4 fertile and the rest from couples attending an 

infertility clinic, were used in this study. Seven of these samples were 

normozoospermic, 3 teratozoospermic, 1 asthenozoospermic, and 1 was 

oligoasthenoteratozoospermic. All of them except the 

oligoasthenoteratozoospermic patient resulted in pregnancy using assisted reproduction procedures. 

Semen analysis was performed according to the World Health Organization (1999) guidelines.  

SCD Test

The newly modified and improved version of the SCD test (Halosperm kit; INDAS Laboratories) was used 

in this study. An aliquot of each semen sample was diluted to a concentration of 10 million 

spermatozoa/mL in phosphate-based saline (PBS) medium. Eppendorf tubes containing gelled aliquots of 

low-melting point agarose are provided with the kit to process 1 semen sample. The Eppendorf tube 

was placed in a water bath at 90°C to 100°C for 5 minutes to melt the agarose, and then placed in 

a water bath at 37°C. After 5 minutes incubation, to allow for equilibration to 37°C, 60 µL of the 

diluted semen sample was added to the Eppendorf tube and mixed with the fused agarose. Aliquots of 

20 µL of the semen-agarose mixture were pipetted onto an agarose precoated slide, provided with the 

kit, and covered with a 22 x 22 mm coverslip. The slide was placed on a cold plate in the 
refrigerator (4°C) for 5 minutes to allow the agarose to produce a microgel with the trapped sperm 
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cells inside. The coverslip was gently removed and the slide immediately immersed horizontally in an 

acid solution, previously prepared by mixing 80 µL of HCl from an Eppendorf tube provided with the 

kit, with 10 mL of distilled water, and incubated for 7 minutes at room temperature (22°C). The 

slide was horizontally immersed in 10 mL of the lysing solution for 25 minutes. After washing 5 

minutes in a tray with abundant distilled water, the slide was dehydrated in increasing ethanol 

baths (70%–90%–100%) for 2 minutes each, air-dried, and stored in a tightly closed box in the dark 

at room temperature.  

FISH Analysis

FISH analysis was performed on the sperm cells processed for the SCD test immersed in the dried 

microgel. It should be pointed out that the agarose microfilm is very delicate, so the typical DNA 

denaturation with 70% formamide/2xSSC at 70°C may disrupt it. The dried slides were incubated with 

10% formaldehyde in phosphate buffer for 12 minutes, washed in excess of phosphate buffer for 1 

minute, and denatured by incubation in NaOH 0.05N/50% ethanol for 15 seconds. Then they were 

dehydrated in solutions of increasing ethanol concentration (70%–90%–100%) for 2 minutes each, 

air-dried, and incubated with with a mixture of denatured DNA probes for the alphoid centromeric 

regions of X chromosome (DXZ1 Locus, SpectrumGreen; Vysis, Inc, Izasa, Spain), Y chromosome (DYZ3 

locus, SpectrumOrange; Vysis), and chromosome 18 (D18Z1 locus, SpectrumAqua; Vysis). After overnight 

incubation at 37°C, the slides were washed in 50% formamide/2xSSC, pH 7, during 8 minutes, and in 
2xSSC, pH 7, for 5 minutes, both at 44°C. Cells were counterstained with DAPI (2 µg/mL; Roche 

Diagnostics, Barcelona, Spain) in Vectashield (Vector Laboratories, Burlingame, Calif).  

FISH analysis was also performed on conventional sperm spreads. The sperm cells were centrifuged and 

resuspended in 4 mL of methanol:acetic acid (3:1) at 4°C. After an additional centrifugation step, 

the sperm cells were resuspended in methanol:acetic acid, spread onto glass slides, and air-dried. 

To allow the DNA probes to access the chromatin, the sperm nuclei were partially decondensed by 

incubation in the lysing solution from the Halosperm kit, which had been previously diluted in 

distilled water (1:3), for 12 minutes. Then they were washed in abundant distilled water, incubated 

in increasing ethanol baths (70%–90%–100%) for 2 minutes each, and air-dried. The slides were 

denatured in 70% formamide/2xSSC, pH 7, for 2 minutes, dehydrated in solutions of increasing ethanol 
concentrations (70%–90%–100%), air-dried, and incubated with a mixture of denatured DNA probes, as 

described before.  

In order to rule out the potential occurrence of mechanical breaks during the procedure, 2 SCD 

processed samples were denatured and hybridized with a commercial MALT1 dual color probe mix 

(Vysis). This consists of a 460-kb probe labeled in SpectrumOrange that flanks the 5' side of the 

MALT1 gene and a 660-kb probe labeled in SpectrumGreen that flanks the 3' side of the MALT1 gene, in 

the 18q21.31 region. Both probes appear with a fused yellow signal or with a contiguous orange-green 

signal, unless a DNA break occurred within the target, with subsequent chromatin redistribution. 

This target is in the range of size of the alphoid sequences employed for the aneuploidy study.  

Fluorescence Microscopy and Scoring Criteria

The slides were examined with a Nikon fluorescence microscope, equipped with a triple-band pass 

filter and with monochrome filters for DAPI, SpectrumGreen, SpectrumOrange, and SpectrumAqua for 

improved signal resolution. Once again, it should be pointed out that the halos of the nucleoids in 

the agarose microgels are very delicate, so that denaturation and washing steps tend to affect their 

preservation. Therefore, only those slides with well-preserved halos were analyzed. A total of about 

3000 to 6000 spermatozoa were scored per sample. Those sperm nuclei that overlapped or showed 

nullisomy were not directly scored. The presence of sperm tails was confirmed under the SpectrumAqua 



filter set of the microscope, under which it can be clearly visualized. A sperm nucleus was 

considered disomic when it showed 2 fluorescent domains of the same chromosome, comparable in size 

and brightness and separated by at least one-half diameter of the domain of 1 signal in nucleoids 

with big and medium halo size (ie, those without DNA fragmentation) or by a distance of at least 1 

domain in those sperm nucleoids with small halo or without halo (ie, those with DNA fragmentation). 

This is a conservative criterion for comparison. Diploidy was established when 2 distinct chromosome 

18 signals and also 2-signals for X and/or Y chromosomes were present in the same sperm nucleus. 

Although FISH signals in sperm nucleoids with halos may be spread, their dispersion starts from a 

restricted location from the core. Moreover, this origin from which the DNA fiber spread usually has 

a stronger intensity than that of the diffused fibers (Klaus et al, 2001). This may help overcome 

possible questions that may arise in a very few cases. Thus, images were taken with a high-

sensitivity CCD camera at high resolution to perform an electronic manipulation of the grey levels. 

Selecting those pixels with higher fluorescence intensity made it possible to eliminate the 

dispersed signals, so an accurate discrimination of the number of signals per nucleus was achieved.  

In the case of FISH analysis on conventional sperm spreads, sperm were considered disomic when 

showed duplicated domains with similar size, shape and intensity, being separated by a distance of 

at least 1 domain. Sperm nuclei were scored only if they were intact, nonoverlapped, had a clearly 

defined border, and had not been decondensed to more than twice the size of a nondecondensed sperm 

head.  

Statistical Analysis

All data were analyzed using the SPSS 12.5 package software (SPSS Inc, Chicago, Ill). Wilcoxon rank 

test was employed for statistical contrast. Differences within each sample were analysed using 

Pearson's 2 test (P < .05). Associations were determined with Spearman's rank correlation.  
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Figure 1. Sequential FISH on SCD-processed spermatozoa. (A) The cores 
and halos of dispersion of DNA loops are presented in grey-blue, whereas 
the hybridized alphoid sequences from the X chromosome are shown in 
green, those from the Y chromosome in red, and those from chromosome 
18 in blue. Upper left: sperm cell without DNA fragmentation, that is, with a 
big halo, showing an XY chromosome disomy (18, X, Y). Upper right: 
spermatozoon with fragmented DNA, that is, without halo, and without 
aneuploidy for the analyzed chromosomes (18, X). Center: sperm cell 
without DNA fragmentation and without aneuploidy (18, Y). Lower left: 
spermatozoon without DNA fragmentation and without aneuploidy (18, Y). 
The halo size is actually wider than that seen in the picture. Lower right: 
sperm cell with DNA fragmentation and diploid (18, 18, Y, Y). Note its higher 
core size. All of these cells had a tail, 2 in the sperm cell above left, as 
demonstrated under the SpectrumAqua filter set of the microscope. The 
nuclei shown were selected in order to show the different halo patterns of 
sperm DNA fragmentation and are not to be taken as representative of the 
true frequency of aneuploidy in sperm with DNA fragmentation. (B) SCD 
processed sperm cells hybridized with the MALT1 dual color probe. One 
continuous or overlapped green-red signal is observed in each sperm cell, 
except that in the lower left, which reveals 2 signals.
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Sperm nuclei containing DNA fragmentation were visualized as nucleoids 

without halo or with very small halo of dispersion of DNA loops, whereas 

those without DNA fragmentation exhibited large and medium-sized halos under 

the DAPI filter of the fluorescence microscope (Fernández et al, 2005). FISH 

analysis was performed on the nucleoids, so diploidies, disomies, and DNA 

fragmentation were determined simultaneously on the same sperm cell. Total preservation of the halos 

after FISH processing was obtained in 65% of the cases using the Halosperm kit and the protocol of 

denaturation described in "Materials and Methods." However, the preservation of the halos was very 

poor when the sperm cells were processed using the old SCD protocol (Fernández et al, 2003). This is 

probably due to the more aggressive conditions used in the original protocol. The experiments 

carried out in this study were only performed in slides where the chromatin from the halos remained 

totally preserved after the FISH procedure. Furthermore, the percentage of sperm cells with DNA 

fragmentation obtained by the SCD test was similar either in the FISH processed or in the 

nondenatured slides. Spermatozoa with fragmented DNA displayed spotted FISH signals, while these 

FISH signals tend to spread from the core to the halo in the nucleoids of spermatozoa without DNA 

fragmentation (Figure 1A). 

Table 1 shows the percent values of diploidies, disomies, and overall aneuploidy rate in sperm with 

and without DNA fragmentation. The percentage of diploidies in cells with fragmented DNA was 2.19 

(1.80–4.52) (median and Q1: 25% percentile; Q3: 75% percentile), and 0.51 (0.39–0.92) in sperm 

cells without DNA fragmentation. In case of disomies, the percentage was 0.88 (0.48–1.46) in sperm 

cells containing fragmented DNA and 0.15 (0.09–0.31) in sperm cells without DNA fragmentation. 

Concerning aneuploidies (diploidies and disomies), the percentage was 3.03 (2.00–5.17) in 

spermatozoa with DNA fragmentation and 0.66 (0.48–1.36) in those without DNA fragmentation (Figure 

2). In conclusion, sperm nuclei with DNA fragmentation showed a 4.4 ± 1.9-fold increase in diploidy 

rate and a 5.9 ± 3.5-fold increase in disomy rate compared to those without DNA fragmentation. The 

overall aneuploidy rate was 4.6 ± 2.0-fold higher in sperm containing fragmented DNA (Wilcoxon rank 

test: P < .001 in the 3 comparisons). When analysing sample by sample, the differences were 

statistically significant in all samples except 1 in the case of diploidies, and in all except 4 

subjects in the case of disomies. Nevertheless, all samples gave significant differences when 

considering aneuploidies as a whole ( 2 test, P < .05, Table 1). No significant differences were 

evident between fertile and infertile subjects or between normozoospermic subjects and those with 

abnormal semen parameters. It is noteworthy that the higher the frequency of global diploidies, 

disomies, or aneuploidies in the sample, the higher the difference in the frequency of diploidies, 

disomies, or aneuploidies, respectively, in the fraction of sperm cells with fragmented DNA compared 

to the fraction without DNA fragmentation (diploidies: rho = 0.63; P = .009; disomies: rho = 0.66; P 

= .006; aneuploidies: rho = 0.76; P = .001) (Figure 3).  
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Table 1. Results of FISH analysis for chromosomes X, Y, and 18 in sperm processed 
by the SCD test (IF SCD: percentage of sperm cells with fragmented DNA; F: 
fragmented; NF: nonfragmented). Asterisks identify those samples without significant 
differences between sperm cells with and without fragmented DNA ( 2 test; P <.05). 
Subjects 1-4: fertile donors; subjects 5-11: normozoospermic patients; subject 12: 
asthenozoospermic patient; subjects 13-15: teratozoospermic patients; subject 16: 
oligoasthenoteratozoospermic patient. Subjects 1, 4, 5, 6, 7, and 16 were also 
processed by FISH on conventional spreads (below) 



 

 

FISH analysis was also performed on conventional sperm spreads in 6 subjects (Table 1). The main 

objective of this experiment was to compare the overall aneuploidy rate and the diploidy and disomy 

rates obtained using both FISH protocols. No statistically significant differences were found in 

diploidy (P = .36) and disomy (P = .35) rate on either SCD-processed or conventionally processed 

slides. Moreover, no significant differences were found for the different types of diploidies and 

disomies in the 6 samples analysed with both protocols. Furthermore, the potential occurrence of 

mechanical breaks during the procedure was assessed hybridizing 2 SCD processed samples with the 

MALT1 dual color probe mix (Figure 1B). In a total of 9000 cells, no orange-green separation signal 

was observed in either sperm cell type, with or without DNA fragmentation. All these results rule 

out technical and scoring artifacts.  

The distribution of diploidies and disomies for the different chromosomes analyzed are shown in 

Tables 2 and 3 and Figures 4 and 5. The percentage of diploidies was significantly higher in sperm 

cells containing fragmented DNA, either for XY type: 0.88 (0.49–2.06) vs 0.22 (0.13–0.38), P 

= .001; for XX type: 0.64 (0.38–1.26) vs 0.19 (0.12–0.41), P < .001; or for YY type: 0.55 (0.32–

1.11) vs 0.13 (0.10–0.19), P = .001. This was also the case for XY disomies: 0.22 (0.13–0.42) vs 

0.06 (0.03–0.11), P = .002. For XX disomies: 0.19 (0.00–0.33) vs 0.03 (0.00–0.07), P = .011, and 

for YY disomies: 0.02 (0.00–0.15) vs 0.00 (0.00–0.03), P = .041, the differences were not 

statistically significant at the 1% level, presumably due to the low number recorded. Overall, it 

was obvious that DNA fragmentation was increased in sperm cells containing diploidies and disomies 

originated in both the first (XY disomies and diploidies) and in the second (XX and YY diploidies 

and disomies) meiotic divisions.  
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Figure 2. Median (Q1–Q3) of the frequencies of diploidies, disomies, and 
aneuploidies in sperm cells with and without DNA fragmentation.

View larger version 
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Figure 3. Difference level in the frequency of diploidies, disomies, or 
aneuploidies in the fraction of sperm cells with fragmented DNA compared 
to the fraction without DNA fragmentation, in relation to the global frequency 
of diploidies, disomies, or aneuploidies, respectively. (A) Difference of 
percentage of diploidies between sperm cells with fragmented and without 
fragmented DNA. (B) Difference of percentage of disomies between sperm 
cells with fragmented and without fragmented DNA. (C) Difference of 
percentage of aneuploidies between sperm cells with fragmented and 
without fragmented DNA.



 

 

 

 

 

The main finding emerging from this study is the significant increase in 

aneuploidy observed in sperm with fragmented DNA. The analysis of chromosomes 

X, Y, and 18 showed that aneuploidy was not randomly distributed in the sperm 

population. Sperm cells with fragmented DNA had on average a 4.6-fold higher 

level of aneuploidy compared to sperm cells with nonfragmented DNA, with an 
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Table 2. Diploidy frequencies for chromosomes X, Y, and 18, specifying the 
chromosomes, in sperm cells processed by the SCD test (F: fragmented; NF: 
nonfragmented). Subjects 1-4: fertile donors; subjects 5-11: normozoospermic 
patients; subject 12: asthenozoospermic patient; subjects 13-15: teratozoospermic 
patients; subject 16: oligoasthenoteratozoospermic patient. Subjects 1, 4, 5, 6, 7, and 
16 were also processed by FISH on conventional spreads (below) 

View this 
table:

[in this window]
[in a new window]

  

Table 3. Disomy frequencies for chromosomes X, Y, and 18, specifying the 
chromosomes, in sperm cells processed by the SCD test (F: fragmented; NF: 
nonfragmented). Subjects 1-4: fertile donors; subjects 5-11: normozoospermic 
patients; subject 12: asthenozoospermic patient; subjects 13-15: teratozoospermic 
patients; subject 16: oligoasthenoteratozoospermic patient. Subjects 1, 4, 5, 6, 7, and 
16 were also processed by FISH on conventional spreads (below) 
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Figure 4. Median (Q1–Q3) of the frequencies of diploidies, specifying the 
chromosomes, in sperm cells with and without DNA fragmentation.
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Figure 5. Median (Q1–Q3) of the frequencies of disomies, specifying the 
chromosomes, in sperm cells with and without DNA fragmentation.
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average 4.4- and 5.9-fold increase in diploidy and disomy rates, respectively. Although it could be 

argued that in sperm without DNA fragmentation 2 FISH signals from the same chromosome could be 

overlapped by their tendency to spread, resulting in an underestimation of the aneuploidy rate, this 

is a very rare event and unlikely to occur, given the scoring criteria used in this study. 

Nevertheless, in order to rule out this possibility, FISH analysis was also performed on 

conventional spreads of sperm cells from 6 subjects (Table 1). Comparison of the overall disomy and 

diploidy rates obtained by SCD-FISH and conventional FISH analysis did not show statistically 

significant differences, thus ruling out the presence of technical and scoring artifacts in SCD-

processed cells. Moreover, the potential occurrence of mechanical breaks during the procedure was 

ruled out by hybridizing a MALT1 dual color probe mix.  

The mechanisms responsible for spontaneous DNA fragmentation in spermatozoa are not well known. 

Three main hypotheses have been proposed. The first hypothesis postulates that DNA fragmentation is 

the result of changes in DNA topology during the replacement of histones by protamines that take 

place during mid-spermiogenesis. As a result of nucleosomal removal, a high number of unconstrained 

supercoils would be present in the haploid genome of the spermatid. Nevertheless, to eliminate the 

torsional stress and facilitate protamine deposition, an induction and subsequent repair of nicks 

arises in the DNA of the elongating spermatids of mouse, and possibly in the round spermatids of man 

(McPherson and Longo, 1992; Marcon and Boissonneault, 2004). Abnormalities during spermiogenesis 

could lead to an incomplete chromatin maturation process, resulting in DNA breaks that would persist 

unrepaired in differentiated sperm cells.  

The second hypothesis postulates that DNA fragmentation is caused by oxidative stress in the male 

reproductive tract. High levels of reactive oxygen species (ROS) may be produced by 1) activated 

resident leukocytes and/or macrophages in the testis, 2) as a result of inflammatory/infectious 

processes, 3) by ROS-producing immature spermatozoa with excessive cytoplasmic retention (1), and 4) 

by nitric oxide synthase-expressing epithelial cells in the epididymis (Wiszniewska et al, 1997). In 

fact, in vitro exposure of sperm to high levels of ROS from chemical donors results in significant 

DNA damage (Aitken et al, 1998,Aitken et al, 1998; Lopes et al, 1998,Lopes et al, 1998). Moreover, 

spermatozoa from patients with leukocytospermia have higher levels of DNA fragmentation (Saleh et 

al, 2002).  

The third hypothesis postulates that sperm DNA fragmentation is the result of apoptosis-induced DNA 

strand breaks, similar to what occurs in somatic cells (18). Programmed cell death has been shown to 

occur in all 3 phases of spermatogenesis (Braun, 1998). Proliferation of the diploid spermatogonia 

may be blocked in order to maintain a normal ratio of developing germ cells to Sertoli cells. Germ 

cells earmarked for apoptosis express the mediator protein Fas on their surface, which is 

subsequently activated by the Fas ligand (FasL) expressed by the Sertoli cell. Meiotic spermatocytes 

with asynapsed chromosomes may also be removed through apoptosis (Odorisio et al, 1998). Finally, 

the haploid spermatids may also have an inducible death pathway used in quality control. The 

products from gene Bclw, belonging to the Bcl2 anti-apoptotic family, may be involved in this late 

apoptotic pathway (Ross et al, 1998). Sperm cells with fragmented DNA could correspond to apoptotic 

spermatocytes that have completed the processes of meiosis and spermiogenesis. Nevertheless, it 

appears quite unlikely that spermatocytes with extensive DNA breaks could undergo the profound 

structural and functional chromatin changes that take place during the process of meiosis and 

spermiogenesis. Most likely, DNA fragmentation would occur during spermiogenesis (Rodriguez et al, 

2005). Some studies have suggested that the classical apoptotic pathway may be at play in sperm 

cells. Certain caspases, like caspase 3, have been detected in the cytoplasmic droplets of immature 

spermatozoa, but were absent in mature sperm cells (De Vries et al, 2003). Nevertheless, other 

groups reported the presence of activated caspases 8, 1, and 3 in the postacrosomal region and 



caspase 9 in the midpiece (Paash et al, 2004) of sperm. The externalization of phosphatidylserine in 

the cytoplasmic membrane is an initial event of apoptosis in most cells, being detected by annexin-V 

binding. In spermatozoa the presence of activated caspases appears to be associated with annexin-V 

binding (Paash et al, 2004), but sperm capacitation induced by bicarbonate also triggers the 

scrambling of phosphatidylserine (De Vries et al, 2003). The presence of mature sperm cells with 

apoptotic markers, like Fas, Bcl-x, p53, or annexin-V binding in the sperm membrane, especially in 

some infertile men, has suggested an abortive-apoptotic-like mechanism, where some germ cells, 

earmarked for elimination, escape the removal mechanism. Nevertheless, no correlation has been found 

between the presence of these apoptotic markers and DNA fragmentation (Sakkas et al, 2002; Henkel et 

al, 2004; Moustafa et al, 2004). That is, the presence of markers that in other cell types would be 

indicative of apoptosis and DNA fragmentation appears to be dissociated in the case of sperm cells. 

This suggests that the process of sperm DNA fragmentation, if induced via apoptosis, could be 

mediated by a different mechanism than that observed in other cell types.  

Kovanci et al (2001) found a close relationship between the proportion of immature spermatozoa and 

disomies, although this did not apply to diploidies. Immature spermatozoa with excess cytoplasmic 

retention had a 1.5- to 4-fold higher rate of chromosomal abnormalities than mature spermatozoa, 

based on the analysis of chromosomes X, Y, and 17. Moreover, the frequency of aneuploidies, 

especially disomies, was significantly lower in sperm from the 80% Percoll fraction, that is, 

enriched in mature spermatozoa compared to the unprocessed semen sample. Immature spermatozoa also 

show higher levels of DNA fragmentation, as determined by either the sperm chromatin structure assay 

(Ollero et al, 2001) or the SCD test (Fernández et al, 2003). Therefore, aneuploidies and DNA 

fragmentation appear to preferentially occur in immature arrested sperm cells. Accordingly, it has 

been reported that the percentage of aneuploid sperm is associated with the percentage of apoptotic 

sperm, lending further support to the hypothesis of a relationship between DNA fragmentation and 

aneuploidy in sperm (Carrell et al, 2003; Schmid et al, 2003; Liu et al, 2004). Although it cannot 

be ruled out that this could be an epiphenomenon, it seems reasonable to assume that there is a 

causal relationship. In fact, it has been proposed that missegregated chromosomes themselves may 

trigger apoptotic cell death (Dobles et al, 2000), which could possibly be related to a polyploidy 

checkpoint (Castedo et al, 2004).  

In different cell types, apoptotic DNA fragmentation by an endogenous nuclease is triggered through 

checkpoint pathways when DNA damage has been originated (Envan and Littlewood, 1998). Thus, in these 

situations, apoptosis could be related to a quality control mechanism to maintain the integrity of 

DNA in order to avoid the production of abnormal or unstable genomes that could promote neoplastic 

growth. In our case, aneuploidy could trigger DNA fragmentation, resembling an apoptotic-like 

process mediated by endogenous nucleases, as part of a mechanism designed to genetically inactivate 

a sperm nucleus with an abnormal genomic constitution. This could contribute to arresting the sperm 

cell at an immature stage and unable to fertilize the egg. Since mature protaminated chromatin is 

not very sensitive to nuclease digestion (Sakkas et al, 1995), it is more likely that this putative 

nuclease would fragment the DNA during chromatin maturation, since at this stage the chromatin is 

not highly packed. In fact, it is known that active gap filling repair occurs in the late elongating 

spermatid from mice, when the DNA is being tightly packed, as long as the DNA is still accessible 

(McMurray and Kortum, 2003). Another possibility could be that the occurrence of DNA fragmentation 

is a passive process and secondary to partial arrest at the nuclear level during chromatin 

remodeling. In this case, after detection of chromosome anomalies, the genomic surveillance 

mechanisms would retain the ability to repair DNA breaks originated to remove the DNA super-coiling 

in the process of the exchange of histones by protamines. The persistence of the DNA nicks would not 

prevent protamination and disulfide bonding. Further support is derived from the fact that knockout 

mice for telomerase, with critically short telomeres, show a 6-fold increase in the percentage of 



sperm cells with fragmented DNA (Rodriguez et al, 2005). In this case, dysfunctional telomeres, or 

the subsequent derived chromosomal abnormalities, may be detected, triggering DNA fragmentation.  

DNA breaks as a result of apoptotic DNA degradation or persistence of unrepaired DNA nicks should 

correspond to a massive DNA damage level. Although sperm with fragmented DNA can penetrate the 

oocyte (Henkel et al, 2004), embryo development would be greatly compromised, since the DNA repair 

capacity of the oocyte is very limited (Twigg et al, 1998; Ahmadi and Ng, 1999), both in rate and in 

fidelity. This might lead to sperm chromatin decondensation failure (Sakkas et al, 1996) or result 

in cell arrest during initial embryonic development (Henkel et al, 2004; Seli et al, 2004). In fact, 

although there is some controversy (Gandini et al, 2004), pregnancy rates, either natural or using 

IUI, IVF, and ICSI procedures, tend to be lower in patients with higher levels of sperm DNA 

fragmentation (Lopes et al, 1998; Evenson et al, 1999; Spano et al, 2000; Duran et al, 2002; Bungum 

et al, 2004; Sun et al, 1997; Henkel et al, 2004; Virro et al, 2004). Therefore, aneuploid sperm 

cells with fragmented DNA would not fertilize the oocyte. Even if this occurs, it would produce a 

nonviable embryo, thus preventing the development of an offspring with an abnormal genetic makeup. 

Perhaps this could be the case not only with numerical anomalies but also when certain structural 

chromosomal aberrations are present in the sperm nucleus.  

Recently, pregnancy rates have been reported to be higher after ICSI compared to conventional IVF 

when sperm samples with high DNA fragmentation values were used for insemination (Host et al, 2000; 

Bungum et al, 2004). If confirmed, this would suggest that perhaps ICSI bypasses a screening 

mechanism that precludes the fertilization of oocytes by spermatozoa with fragmented DNA. Although 

fertilization does occur under these conditions, the fertilization of an oocyte by a spermatozoon 

with fragmented DNA could result in defective embryo and/or fetal development. This is consistent 

with studies that show that sperm DNA fragmentation could be associated with recurrent abortion 

(Carrell et al, 2003).  

Finally, if this putative genomic surveillance mechanism failed to be triggered, this could result 

in the production of aneuploid spermatozoa with intact DNA, thus increasing the probability of 

obtaining an aneuploid conceptus. Therefore, aneuploid sperm without fragmented DNA would be even 

more harmful than sperm with fragmented DNA. Perhaps FISH analysis in sperm with nonfragmented DNA 

could be more informative of the true risk of chromosomal abnormalities in the embryo or fetus, 

especially when using ICSI for the treatment of couples with severe male factor infertility.  

In conclusion, our results support the hypothesis that aneuploidy during sperm maturation may lead 

to sperm DNA fragmentation as part of a genomic surveillance mechanism developed to genetically 

inactivate sperm with a defective genomic makeup. Further studies are required to assess the 

incidence of sperm aneuploidies in sperm with intact DNA. The possible association between DNA 

fragmentation and aneuploidy could perhaps be dependent on the origin of the infertility. It may be 

speculated that those patients with spermatogenic problems could have a differential aneuploidy 

rate, with different levels of association depending on the infertility subgroup. Otherwise, such 

association could be masked in those with high oxidative damage that is produced after spermiation, 

that is, with sperm DNA fragmentation being produced in the genital tract through exogenous damaging 

agents. More extensive work should be performed to address these possibilities.  

 

Supported by the Xunta de Galicia (PGIDIT 05SAN43PR).  

   Footnotes 



 
Agarwal A, Said TM. Role of sperm chromatin abnormalities and DNA damage in 
male infertility. Hum Reprod Update. 2003; 9: 331 –345.
[Abstract/Free Full Text]

Agarwal A, Saleh RA, Bedaiwy MA. Role of reactive oxygen species in the 
pathophysiology of human reproduction. Fertil Steril. 2003;79: 829 –843.
[CrossRef][Medline]

Ahmadi A, Ng S. Fertilizing ability of DNA-damaged spermatozoa. J Exp Zool. 1999; 284: 696 –704.
[CrossRef][Medline]

Aitken RJ, Gordon E, Harkiss D. Relative impact of oxidative stress on the functional competence and 
genomic integrity of human spermatozoa. Biol Reprod. 1998; 59: 1037 –1046.[Abstract/Free Full Text]

Aitken RJ, Gordon E, Harkiss D, Twigg JP, Milne P, Jennings Z, Irvine SD. Relative impact of 
oxidative stress on the functional competence and genomic integrity of human spermatozoa. Biol 
Reprod. 1998;59: 1037 –1046.[Abstract/Free Full Text] 

Braun RE. Every sperm is sacred-or is it? Nature Genet. 1998;18: 202 –204.[CrossRef][Medline] 

Bungum M, Humaidan P, Spano M, Jepson K, Bungum L, Giwercman A. The predictive value of sperm 
chromatin structure assay (SCSA) parameters for the outcome of intrauterine insemination, IVF and 
ICSI. Hum Reprod. 2004;19: 1401 –1408.[Abstract/Free Full Text] 

Carrell DT, Wilcox AL, Lowy L, Peterson CM, Jones KP, Erickson L, Campbell B, Branch DW, Hatasaka 
HH. Elevated sperm chromosome aneuploidy and apoptosis in patients with unexplained recurrent 
pregnancy loss. Obstet Gynecol. 2003; 101: 1229 –1235.[Abstract/Free Full Text] 

Castedo M, Perfettini J, Roumier T, Andreau K, Medema R, Kroemer G. Cell death by mitotic 
catastrophe: a molecular definition. Oncogene. 2004;23: 2825 –2837.[CrossRef][Medline] 

De Vries KJ, Wiedmer T, Sims PJ, Gadella BM. Caspase-independent exposure of aminophospholipids and 
tyrosine phosphorylation in bicarbonate responsive human sperm cells. Biol Reprod. 2003; 68: 2122 –
2134.[Abstract/Free Full Text]

Dobles M, Liberal V, Scott ML, Benezra R, Sorger PK. Chromosome missegregation and apoptosis in mice 
lacking the mitotic checkpoint protein Mad2. Cell. 2000; 101: 635 –645.[CrossRef][Medline] 

Duran EH, Morshedi M, Taylor S, Oehninger S. Sperm DNA quality predicts intrauterine insemination 
outcome: a prospective cohort study. Hum Reprod. 2002; 17: 3122 –3128.[Abstract/Free Full Text] 

Egozcue S, Blanco J, Vendrell JM, García F, Veiga A, Aran B, Barri PN, Vidal F, Egozcue J. Human 
male infertility: chromosome anomalies, meiotic disorders, abnormal spermatozoa and recurrent 
abortion. Hum Reprod Update. 2000;6: 93 –105.[Abstract/Free Full Text] 

Envan G, Littlewood T. A matter of life and cell death. Science. 1998;281: 1317 –1322.
[Abstract/Free Full Text]

Evenson DP, Jost LK, Marshall D, Zinaman MJ, Clegg E, Purvis K, de Angelis P, Claussen OP. Utility 
of the sperm chromatin structure assay as a diagnostic and prognostic tool in the human fertility 
clinic. Hum Reprod. 1999;14: 1039 –1049.[Abstract/Free Full Text] 

Evenson DP, Larson KJ, Jost LK. Sperm chromatin structure assay: its clinical use for detecting 
sperm DNA fragmentation in male infertility and comparisons with other techniques. J Androl. 2002; 

   References 
Top
Abstract
Materials and Methods
Results
Discussion
References



23: 25 –43.[Medline] 

Fernández JL, Gosálvez J. Application of FISH to detect DNA damage: DNA breakage detection-FISH 
(DBD-FISH). Methods Mol Biol. 2002;203: 203 –216.[Medline] 

Fernández JL, Lourdes M, Goyanes VJ, Segrelles E, Gosálvez J, Enciso M, Lafromboise M, De Jonge C. 
Simple determination of human sperm DNA fragmentation with an improved sperm chromatin dispersion 
(SCD) test. Fertil Steril. 2005; 84: 833 –842.[CrossRef][Medline] 

Fernández JL, Muriel L, Rivero MT, Goyanes V, Vázquez R, Alvarez JG. The sperm chromatin dispersion 
test: a simple method for the determination of sperm DNA fragmentation. J Androl. 2003; 24: 59 –66.
[Abstract/Free Full Text]

Gandini L, Lombardo F, Paoli D, Caruso F, Eleuteri P, Leter G, Ciriminna R, Culasso F, Dondero F, 
Lenzi A, Spanò M. Full-term pregnancies achieved with ICSI despite high levels of sperm chromatin 
damage. Hum Reprod. 2004; 19: 1409 –1417.[Abstract/Free Full Text] 

Genesca A, Barrios L, Miró R, Caballín MR, Benet J, Fuster C, Bonfill X, Egozcue J. Lymphocyte and 
sperm chromosome studies in cancer-treated men. Hum Genet. 1990; 84: 353 –355.[Medline] 

Gorczyca W, Traganos F, Jesionowska H, Darzynkiewicz. 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. 1993; 207: 202 –205.[CrossRef][Medline] 

Henkel R, Hajimohammad M, Stalf T, Hoogendik C, Mehnert C, Menkveld R, Gips H, Schill W, Kruger TF. 
Influence of deoxyribonucleic acid damage on fertilization and pregnancy. Fertil Steril. 2004; 81: 
965 –972.[CrossRef][Medline] 

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. 2000;79: 599 –563. 

Irvine S, Twigg JP, Gordon EL, Fulton N, Milne PA, Aitken RJ. DNA integrity in human spermatozoa: 
relationships with semen quality. J Androl. 2000;31: 33 –44. 

Kamiguchi Y, Tateno H. Radiation- and chemical-induced structural chromosome aberrations in human 
spermatozoa. Mutat Res. 2002;504: 183 –191.[Medline] 

Klaus AV, McCarrey JR, Farkas A, Ward WS. Changes in DNA loop domain structure during spermatogeneis 
and embryogeneis in the Syrian Golden Hamster. Biol Reprod. 2001; 64: 1297 –1306.
[Abstract/Free Full Text]

Kovanci E, Kovacs T, Moretti E, Vigue L, Bray-Ward P, Ward DC, Huszar G. FISH assessment of 
aneuploidy frequencies in mature and immature spermatozoa classified by the absence or presence of 
cytoplasmic retention. Hum Reprod. 2001; 16: 1209 –1217.[Abstract/Free Full Text] 

Levron J, Aviram-Goldring A, Magdar I, Raviv G, Barkai G, Dor J. Sperm chromosome abnormalities in 
men with severe male factor infertility who are undergoing in vitro fertilization with 
intracytoplasmic sperm injection. Fertil Steril. 2001; 76: 479 –484.[CrossRef][Medline] 

Liu CH, Tsao HM, Cheng TC, Wu HM, Huang CC, Chen CI, Lin DP, Lee MS. DNA fragmentation, 
mitochondrial dysfunction and chromosomal aneuploidy in the spermatozoa of 
oligoasthenoteratozoospermic males. J Assist Reprod Genet. 2004;21: 119 –126.[CrossRef][Medline] 

Lopes S, Jurisikova A, Sun J-G, Casper RF. Reactive oxygen species: potential cause for DNA 
fragmentation in human spermatozoa. Hum Reprod. 1998;13: 896 –900.[Abstract/Free Full Text] 

Lopes S, Sun JG, Jurisikova A, Meriano J, Casper RF. Sperm deoxyribonucleic acid fragmentation is 



increased in poor-quality semen samples and correlates with failed fertilization in intracytoplasmic 
sperm injection. Fertil Steril. 1998; 69: 528 –532.[CrossRef][Medline] 

Manicardi GC, Bianchi PG, Pantano S, Azzoni P, Bizzaro D, Bianchi U, Sakkas D. Presence of 
endogenous nicks in DNA of ejaculated human spermatozoa and its relationship to chromomycin A3 
accessibility. Biol Reprod. 1995; 52: 864 –867.[Abstract] 

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

Martin RH, Rademaker A, Hildebrand K, Barnes M, Arthur K, Ringrose T, Brown IS, Douglas G. A 
comparison of chromosomal aberrations induced by in vivo radiotherapy in human sperm and 
lymphocytes. Mutat Res. 1989;226: 21 –30.[CrossRef][Medline] 

McMurray CT, Kortum IV. Repair of haploid male germ cells occurs late in differentiation as 
chromatin is condensing. Chromosoma. 2003; 111: 505 –508.[Medline] 

McPherson SMG, Longo FJ. Localization of DNAse I-hypersensitive regions during rat spermiogenesis: 
stage-dependent patterns and unique sensitivity of elongating spermatids. Mol Reprod Dev. 1992; 31: 
268 –279.[CrossRef][Medline] 

Moustafa MH, Sharma RK, Thornton J, Mascha E, Abdel-Hafez MA, Thomas AJ, Agarwal A. Relationship 
between ROS production, apoptosis and DNA denaturation in spermatozoa from patients examined for 
infertility. Hum Reprod. 2004; 19: 129 –138.[Abstract/Free Full Text] 

Odorisio T, Rodriguez TA, Evans EP, Clarke AR, Burgoyne PS. The meiotic cheekpoint monitoring 
synapsis eliminates spermatocytes via p53-independent apoptosis. Nature Genet. 1998; 18: 257 –261.
[CrossRef][Medline]

Ohasi Y, Miharu N, Honda H, Samura O, Ohama K. High frequency of XY disomy in spermatozoa of severe 
oligozoospermic men. Hum Reprod. 2001;16: 703 –708.[Abstract/Free Full Text] 

Ollero M, Gil-Guzmán E, Sharma RK, López MC, Larson KL, Evenson DP, Agarwal A, Thomas AJ, Alvarez 
JG. Characterization of subsets of human spermatozoa at different stages of maturation: implications 
in the diagnosis and treatment of male infertility. Hum Reprod. 2001;16: 1912 –1921.
[Abstract/Free Full Text]

Paasch U, Grunewald S, Agarwal A, Glandera HJ. Activation pattern of caspases in human spermatozoa. 
Fertil Steril. 2004; 81: 802 –809. 

Rodriguez S, Goyanes V, Segrelles E, Blasco M, Gosálvez J, Fernández JL. Critically short telomeres 
associate to sperm DNA fragmentation. Fertil Steril. 2005; 84: 843 –845.[CrossRef][Medline] 

Ross AJ, Waymire KG, Moss JE, Parlow AF, Skinner MK, Russel LD, MacGregor GR. Testicular 
degeneration in Bclw-deficient mice. Nature Genet. 1998; 18: 251 –256.[CrossRef][Medline] 

Rubio C, Gil-Salom M, Simón C, Vidal F, Rodrigo L, Mínguez Y, Remohí J, Pellicer A. Incidence of 
sperm chromosomal abnormalities in a risk population: relationship with sperm quality and ICSI 
outcome. Hum Reprod. 2001; 16: 2084 –2092.[Abstract/Free Full Text] 

Sakkas D, Manicardi G, Bianchi PG, Bizzaro D, Bianchi U. Relationship between the presence of 
endogenous nicks and sperm chromatin packaging in maturing and fertilizing mouse spermatozoa. Biol 
Reprod. 1995;52: 1149 –1155.[Abstract] 

Sakkas D, Manicardi GC, Bizzaro D. Sperm nuclear damage in the human. In: Robaire B, Hales BF, eds. 
Advances in male mediated developmental toxicity. New York: Kluwer Academic/Plenum Publishers; 2003: 



73 –84. 

Sakkas D, Moffatt O, Manicardi GC, Mariethoz E, Tarozzi N, Bizzaro D. Nature of DNA damage in 
ejaculated human spermatozoa and the possible involvement of apoptosis. Biol Reprod. 2002; 66: 1061 
–1067.[Abstract/Free Full Text] 

Sakkas D, Urner F, Bizzaro D, Bianchi PG, Wagner I Jacquenoud N, Manicardi GC, Campana A. Sperm 
chromatin anomalies can influence decondensation after intracytoplasmic sperm injection (ICSI). Hum 
Reprod. 1996;11: 837 –843.[Abstract/Free Full Text] 

Saleh RA, Agarwal A, Kandirali E, Sharma RK, Thomas AJ, Nada EA, Evenson DP, Alvarez JG. 
Leukocytospermia is associated with increased reactive oxygen species production by human 
spermatozoa. Fertil Steril. 2002;78: 1215 –1224.[CrossRef][Medline] 

Santos SJ, Singh NP, Natarajan AT. Fluorescence in situ hybridization with comets. Exp Cell Res. 
1997; 232: 407 –411.[CrossRef][Medline] 

Schmid TE, Kamischke A, Bollwein H, Nieschlag E, Brinkworth MH. Genetic damage in oligozoospermic 
patients detected by fluorescence in-situ hybridization, inverse restriction site mutation assay, 
sperm chromatin structure assay and the comet assay. Hum Reprod. 2003; 18: 1474 –1480.
[Abstract/Free Full Text]

Seli ES, Gardner DK, Schoolcraft WB, Moffat O, Sakkas D. Extent of nuclear DNA damage in ejaculated 
spermatozoa impacts on blastocyst development after in vitro fertilization. Fertil Steril. 2004; 82: 
378 –383.[CrossRef][Medline] 

Spanó M, Bonde JP, Hjollund HI, Kolstad HA, Cordelli E, Leter G, the Danish first pregnancy planner 
study team. Sperm chromatin damage impairs human fertility. Fertil Steril. 2000; 73: 43 –50.
[CrossRef][Medline]

Sun J, Jurisikova A, Casper RF. Detection of Deoxyribonucleic acid fragmentation in human sperm: 
correlation with fertilization in vitro. Biol Reprod. 1997; 56: 602 –607.[Abstract] 

Twigg JP, Irvine DS, Aitken RJ. Oxidative damage to DNA in human spermatozoa does not preclude 
pronucleus formation at intracytoplasmic sperm injection. Hum Reprod. 1998; 13: 1864 –1871.
[Abstract/Free Full Text]

Vegetti W, Van Assche E, Frias A, Verheyen G, Bianchi MM, Bonduelle M, Liebaers I, Van Steirteghem 
A. Correlation between semen parameters and sperm aneuploidy rates investigated by fluorescence in-
situ hybridization in infertile men. Hum Reprod. 2000; 15: 351 –365.[Abstract/Free Full Text] 

Virro MR, Larson-Cook KL, Evenson DP. Sperm chromatin structure assay (SCSA) parameters are related 
to fertilization, blastocyst development, and ongoing pregnancy in in vitro fertilization and 
intracytoplasmic sperm injection cycles. Fertil Steril. 2004; 81: 1289 –1295.[CrossRef][Medline] 

Wiszniewska B, Kurzawa R, Ciechanowicz A, Machalinski B. Inducible nitric oxide synthase in the 
epithelial epididymal cells of the rat. Reprod Fertil Dev. 1997; 9: 789 –794.[CrossRef][Medline] 

World Health Organization. WHO Laboratory Manual for the Examination of Human Semen and Sperm-
Cervical Mucus Interaction. 4th ed. Cambridge, United Kingdom: Cambridge University Press; 1999 .

This article has been cited by other articles: 



D. T. Carrell
The Clinical Implementation of Sperm Chromosome Aneuploidy 
Testing: Pitfalls and Promises
J Androl, March 1, 2008; 29(2): 124 - 133.  
[Abstract] [Full Text] [PDF] 

 

This Article

Abstract  

Full Text (PDF) 

All Versions of this Article:
28/1/38    most recent
Author Manuscript (PDF)  

Alert me when this article is cited 

Alert me if a correction is posted 

Services

Similar articles in this journal 

Similar articles in PubMed 

Alert me to new issues of the journal 

Download to citation manager 

Citing Articles

Citing Articles via HighWire 

Citing Articles via Google Scholar 

Google Scholar

Articles by Muriel, L. 

Articles by Fernández, J. L. 

Search for Related Content 

PubMed

PubMed Citation 

Articles by Muriel, L. 

Articles by Fernández, J. L. 

HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH TABLE OF CONTENTS


