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Abstract 
The correlation between semen DNA fragmentation level and the male age was investigated. The dependence for 
the blastocyst formation rates on the sperm DNA fragmentation has been examined in patients with low 
reproductive function. The increase of DNA fragmentation level correlates with the decrease of the blastocyst 
formation rates (p < 0.05). The significant negative relationship between sperm DNA fragmentation and the male 
age is proved (p < 0.05). The age of 35 years old could be discussed as clinically critical male age for the process 
of chromatin compaction during the process of spermatogenesis. 
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1. Introduction 
1.1 Sperm DNA Fragmentation as a Male Infertility Factor 

Recently high attention in the reproductive medicine is paid to the paternal genome failures. Assisted 
reproductive techniques (ART) such as conventional in vitro fertilization (IVF), and especially intracytoplasmic 
sperm injection (ICSI), allow couples whose sperm characteristics are impaired to obtain a pregnancy, whereas a 
few years ago, these couples would have had to use sperm donation in order to obtain their child. One can 
nevertheless wonder about the capacity of poor quality sperm samples to generate embryos having normal 
capacities of development. Among the factors involved in the failure of obtaining embryos and/or pregnancies, 
the impaired sperm genome is frequently incriminated (Ahmadi, 1999). Sperm DNA fragmentation is rather new 
discussible reason of male infertility. There are contradictory data about the possible influence of sperm DNA 
fragmentation on the sperm fertilization ability and the process of embryo development, particularly on the 
process of the blastocyst formation (Agarwal, 2003; Findikli, 2004; Borini, 2006). There are data about the 
correlation of the sperm DNA fragmentation level and high percentage of the spontaneous miscarriages for 
patients included in the IVF treatment (Benchaib, 2003; Seli, 2005; Oleszczuk, 2011). Sperm DNA 
fragmentation consists of single and doublestranded DNA breaks, frequently occurring in semen of subfertile 
patients (Lopes et al., 1998; Irvine et al., 2000; Muratori et al., 2000). Despite the origin and the mechanisms 
responsible for such genomic anomaly are not yet clarified, it has been proposed that sperm DNA fragmentation 
could be a good parameter to predict the male fertility status as an alternative or in addition to poorly predictive 
standard parameters presently determined in routine semen analysis (Lewis, 2007; Erenpreiss et al., 2006). 
Spermatogenesis is a complicated process that includes spermatozoa development and maturation. It depends on 
such factors as genetics, hormonal statement, environmental conditions etc. Spermatogenesis failures could lead 
to the formation of aneuploid sperm or sperm with the DNA damage (Cayli, 2004; Tesarik, 2002).  

1.2 The Etiology of Chromatin Compactization Failures 

The level of sperm DNA fragmentation reflects the integrity of genetic material of the gamete. This parameter is 
important since DNA lesions of many types induce mutations commonly observed in mutated oncogenes and 
tumour suppressor genes (Marnett, 2000). The possible reason of sperm DNA fragmentation are changing of 
chromatin structure during the process of spermatogenesis and apoptosis (Brugnon, 2006; Schlegel, 2005; Calle, 
2008). Defects of the process of spermatozoa maturation should also be discussed. In average about 20% of 
spermatozoa in ejaculate could be found as apoptotic in men with different deviations in the semen analysis 
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(Mehdi, 2003; Muratori, 2008). It is also found out that the sperm DNA fragmentation level is statistically higher 
for patients with spermatogenesis failures comparing with men with normal semen parameters (Speyer, 2012). 
On the next side there are data that DNA fragmentation level has no correlation with such semen parameters as 
motility, concentration or sperm morphology (Luke, 2010). There is still discussible question about the 
dependence of sperm DNA fragmentation level on the male age (Bronet, 2012). Results of studies aimed to 
establish whether the amount of sperm DNA fragmentation could predict the outcome of Assisted Reproduction 
Techniques (ARTs) are conflicting. 

1.3 The Research Design 

The aim of the presence work was to investigate the correlation for sperm DNA fragmentation level on the male 
age and to examine if there is any dependence in the process of the early embryo development on the sperm 
DNA fragmentation in patients with low reproductive function during the infertility treatment using the methods 
of ART. Taking into account that the most important criteria of the normal embryo development is the blastocyst 
formation, the affect on sperm DNA fragmentation level on the blastocyst formation rates were examined for 
infertile patients during the infertility treatment using the IVF procedure including the manipulation of ICSI. It 
was also very important to compare sperm DNA fragmentation level in the group of infertile patients and in men 
with normal reproductive function. 

2. Method 
2.1 Sperm DNA Fragmentation Level Examination 

Sperm DNA fragmentation level was examined using the method of the sperm chromatin dispersion (SCD) 
(HaloSperm, Halotech, Spain). The method is based on the chromatin dispersion around the spermatozoa nuclei 
that allows finding the spermatozoa with fragmented DNA. The SCD test is based on the principle that sperm 
with fragmented DNA fail to produce the characteristic halo of dispersed DNA loops that is observed in sperm 
with non-fragmented DNA, following acid denaturation and removal of nuclear proteins. The SCD test is a 
simple, accurate, highly reproducible, and inexpensive method for the analysis of sperm DNA fragmentation in 
semen and processed sperm. It could potentially be used as a routine test for the screening of sperm DNA 
fragmentation in the andrology laboratory (Fernández, 2003). The examination was carried out using the 
fluorescent microscope Nikon Eclipse 80i. The obtained photos were documented with the cytogenetic program 
Lucia FISH (LIM, Czech Republic). Normally the sperm DNA fragmentation level should not be higher then 
20.0%. 

2.2 Participants Characteristics 

During the investigation the group consisted of 33 infertile patients with the male low reproductive function 
were formatted. The middle male age in the group was 38.0 ± 5.7 years old. The IVF procedure and the 
examination of the sperm DNA fragmentation level were carried out for all the participants of the mentioned 
group. Simultaniously the control experiment with a normal group consisted of 20 fertile men was carried out to 
compare the value of DNA fragmentation level. The middle male age in the control group was 34.0 ± 6.9 years 
old. Basic sperm parameters (concentration, motility and morphology) showed a high variability among 
individual patients, ranging between normal values and severe oligoasthenoteratozoospermia. Blastocyst 
formation rates were variable for the patients (Table 1). 
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Table 1. Basic sperm parameters of examined group of infertile patients 

Patient 
Basic sperm parameters Sperm DNA 

fragmentation, % 
BFR, % 

Concentration (× 106/ml) Motility, % Normal forms, % 

1 15 52 22 38.0 18.1 

2 34 26 31 3.0 12.5 

3 23 17 12 14.5 56.2 

4 54 70 37 27.5 0 

5 72 31 41 14.5 69.5 

6 12 34 39 3.8 50.0 

7 43 63 19 5.2 100.0 

8 7 13 15 20.0 0 

9 32 49 34 10.0 50.0 

10 8 35 21 33.4 62.5 

11 19 41 36 11.7 25.0 

12 21 15 45 13.2 78.2 

13 59 48 42 22.3 42.1 

14 37 52 39 42.2 44.4 

15 29 24 17 12.3 33.3 

16 3 23 5 10.5 47.1 

17 51 63 39 21.3 33.3 

18 26 17 14 61.5 14.3 

19 38 46 34 18.3 54.5 

20 6 10 11 37.5 14.2 

21 42 23 13 12.4 77.8 

22 40 39 25 9.8 37.5 

23 74 57 57 12.0 61.5 

24 67 68 54 2.0 80.0 

25 31 20 35 3.5 58.3 

26 18 23 13 60.0 20.0 

27 4 16 10 5.5 60.0 

28 22 46 24 1.5 61.5 

29 65 58 51 7.5 28.5 

30 11 29 9 14.5 50.0 

31 9 14 35 5.2 50.0 

32 20 36 21 46.7 38.4 

33 38 48 18 38.0 55.5 

 

2.3 IVF Procedure 

During the IVF programs the protocols with a-GnRH (antagonist-Gonadotropin Releasing Hormone) were used 
for controlled ovary stimulation for oocytes retrieval. Ovary stimulation took not less then 10 days in every case. 
In the day of the transvaginal puncture the size of follicles achieved 18 mm. To maintain the luteal phase the 
progesterone consisted medicines were used. Oocyte retrieval was carried out under general anaesthesia by a 
vaginal ultrasonography-guided aspiration. At 16-18 h after insemination or microinjection, as previously 
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described (Borini et al., 2004a, 2004b), oocytes were assessed for two PN presence.The fertilization of oocytes 
was carried out using the procedure of ICSI taking into account the male factor of infertility. ICSI manipulation 
was done on the inverted microscope Nikon Eclise TI-u with the Eppendorf micromanipulators. Spermatozoa 
were immobilezed using the laser system OCTAX (MTG, Germany). The obtained oocyted and embryos were 
cultured in the Universal IVF Medium and ISM-1 Medium (Medicult) during the first three days and in the Blast 
Assist (Medicult) till the fifth day of culture. The gametes and embryos were cultured in temperature 36.8 ºС - 
37.1 ºС and in 5.5% - 5.8% CO2 level. 

2.4 Statistics 

The obtained data for abnormal distribution were statistically checked using nonparametric methods of statistic 
analysis. The correlation was examined by the method of analysis with the Spearman coefficient. Calculation 
was done using the program module Statistica-6. 
3. Results 
The positive correlation between the sperm DNA fragmentation level and male age was proved for the examined 
group. Total Spearman coefficient is 0.35 (p < 0.05). The critical male age for the sperm DNA fragmentation 
level growth is 35 years old. Spearman coefficient for patients elder then 35 years old is 0.45 (p < 0.05). There is 
no any correlation for DNA fragmentation and male age in the group of patients younger then 35 years old. 
Spearman coefficient for the group of patients younger then 35 years old is -0.04 (p > 0.05). The obtained results 
are mentioned in Table 2. 

 

Table 2. Correlation between the sperm DNA fragmentation level and male age 

Age group N Age, years DNA fragmentation, % rs rcritical p 

≤ 35 years 11 30.7±2.7 13.5±6.6 -0.04 0.58 p > 0.05 

> 35 years 22 41.6±4.4 21.2±15.0 0.45 0.43 p < 0.05 

Total group 33 38.0±5.7 18.6±12.5 0.35 0.34 p < 0.05 

 

The significant negative correlation between the semen DNA fragmentation level and blastocyst formation rates 
is proved. However, the DNA fragmentation less then 5.0% did not impair the blastocysts formation rates. The 
critical DNA fragmentation level for blastocysts formation rates is 5.0%. The Spearmen coefficient for the group 
of patients with the DNA fragmentation level higher then 5.0% is -0.44 (p < 0.05). The Spearmen coefficient for 
the total examined group is -0.41 (p < 0.05). The obtained results are mentioned in Table 3. 

 

Table 3. Correlation between the semen DNA fragmentation level and blastocyst formation rates 

Critical DNA fragmentation level N DNA fragmentation, % BFR, % rs rcritical p 

> 5.0% 28 21.4±12.6 43.2±18.6 -0.44 0.38 р < 0.05

< 5.0% 5 2.8±0.8 52.5±17.0 -0.60 0.94 р > 0.05

Total group 33 18.6±12.5 44.9±18.9 -0.41 0.34 р < 0.05

 

Photo of spermatozoa with the fragmented DNA and with normal compactization of chromatin is present on 
Figure 1.  
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Figure 1. Sperm DNA fragmentation by the method of SCD 

 
The average semen DNA fragmentation level in the control group of fertile men was 5.48 ± 2.03. The level of 
DNA fragmentation level was significantaly higher in infertile patients comparing with the control (р < 0.05). 
Such fact could prove the influence of the sperm chromatin compactization failures on the semen parameters and 
male reproductive function. Further investigations should be performed. 

4. Discussion 
In studies investigating the impact of sperm DNA fragmentation on reproduction, the prevailing idea is that 
sperm with damaged DNA, even if retaining the ability to fertilize the oocyte (Ahmadi, 1999), affect the 
subsequent steps resulting in increased failure of embryo development and miscarriage (Agarwal, 2004; Lewis, 
2005; Li, 2006). However, data on the relationship between DNA damage and ART outcome are very conflicting 
(O’Brien, 2005; Li, 2006). The obtained data confirmed that DNA fragmentation could be one of the male 
infertility factor that effects the embryo development. The increase of DNA fragmentation showed negative 
correlation with the blastocyst formation rates (BFR) (p < 0.05). The level of sperm DNA fragmentation 5.0% 
could be reported as a critical one for the process of blastocyst formation in ART (assisted reproductive 
techniques). Such conclusion is practically important because of an absence of the strict recommendations about 
normal or abnormal level of semen DNA damage levels. The discussible range of acceptable level of semen 
DNA fragmentation varies in diapasone 10%-40% in different studies (Benchaib, 2003). The studies by previous 
workers reported above, supported by the present study, indicate clearly that strand breaks in the sperm 
DNAhave little or no effect on fertilization and early embryo growth but begin to have an effect at the stage of 
blastocyst development, and then have a very marked effect on implantation of the embryo, but the exact 
clinically important DNA fragmentation level that could impair the blastocyst development is still discussible 
(Ahmadi, 1999; Fatehi, 2006). There was no significant effect on fertilization rate or early cleavage, but the 
effects on blastocyst development and implantation rate were very marked. The negative correlation between the 
sperm DNA fragmentation on the male age is proved (p < 0.05). The patients’ age 35 years old could be 
discussed as clinically critical male age for the process of chromatin compaction during the spermatogenesis. 
Such conclusion is clinically important, taking into account that nowadays more attention to the female age is 
paid and there is a little information about the age of male fertility. As both males and females decide to conceive 
later, the question of whether this may impact their fertility individually and as a couple becomes even more 
crucial. A paternal age of over 40 years at the time of conception is a frequently quoted male age threshold, 
however, currently there is no clearly accepted definition of advanced paternal age or even a consensus on the 
implications of advancing male age (Humm, 2013). Further study is also needed to determine if there is any 
dependence of sperm DNA damage on the basic sperm parameters. Several studies have stressed the importance 
of traditional sperm parameters as predictors of fertility potential (Nallella et al., 2006). Because of the evidence 
of correlations between sperm DNA fragmentation and clinical pregnancy and pregnancy loss rates, it would be 
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practically important to find a relationship between traditional sperm evaluation parameters (concentration, 
motility and morphology) and pregnancy and pregnancy loss rates in IVF groups. 
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