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 Male factor in infertility is often due to sperm abnormalities, such as an 

inadequate number (oligozoospermia), disturbed motility 

(asthenozoospermia), defective morphology (teratozoospermia), or 

oligoastenoteratozoospermia (OAT), and also in conditions of 

normozoospermia. Furthermore, it is necessary to determine predictors 

that can explain other abnormalities, such as sperm DNA fragmentation 

(DFI) and chromatin maturation (CM). Therefore, this study aims to 

compare the DFI and CM between oligo, astheno, teratosoospermia, and 

OAT in infertile men. Sperm samples of infertile patients were collected 

consecutively at Ciptomangunkusumo Hospital, Jakarta, Indonesia. 

Analysis was carried out based on WHO recommendation, while DNA 

DFI and CM were assayed with the sperm chromatin dispersion and 

Sperfumc kits, respectively. The result showed significant differences in 

DFI between the groups, as indicated by p<0.05. Specific significance 

was found in the comparison of DFI in OAT versus fertile 

normozoospermia, as indicated by p<0.05. Each group’s CM ratio was 

insignificant (p>0.05), and there was no correlation between DFI and 

CM. In conclusion, sperm DFI is a more accurace predictor of sperm 

quality abnormality than other analytic parameter, particularly in 

oligoasthenoteratozoospermia. Additionally, sperm chromatin 

maturation does not predict sperm quality disorder. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Infertility can be caused by male factor due to sperm abnormalities, such as an inadequate number 

(oligozoospermia), disturbed motility (astenozoospermia), defective morphology (teratozoospermia), or a 

combination of the three (oligoastenoteratozoospermia/OAT). Therefore, it is necessary to determine 
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predictors that can explain other abnormalities in sperm, especially in its genetic material [1- 3]. 

 

In addition to sperm abnormalities such as oligozoospermia, asthenozoospermia, teratozoospermia, or OAT, 

male infertility can also occur in conditions of normozoospermia, characterized by normal sperm 

concentration, motility, and morphology. In this case, other abnormalities that occur in sperm cannot be 

explained by the semen analysis. This indicates that semen analysis is no longer the best predictor of male 

fertility. Therefore, it is necessary to determine other predictors that can explain the abnormalities in sperm, 

especially in its genetic material [4]. 

 

Increased sperm DNA fragmentation affects fertility status due to disruption of the male genome, and 

decreases pregnancy rates, both naturally and in assisted reproduction. Several studies have shown DFI to 

cause lower fertilization, impaired embryonic development, lower rates of pregnancy and live births, and 

high rates of miscarriage in assisted reproductive techniques (ART) such as intrauterine insemination (IUI) 

and in vitro fertilization (IVF) - intracytoplasmic sperm injection (ICSI) [5- 7]. 

 

Chromatin also plays an important role in maintaining sperm integrity due to its involvement in sperm 

packaging. Sperm DNA needs to be packaged as tightly as possible in order to fit in a sperm head that is 

very small and resistant to environmental disturbances, such as impact or heat. The presence of a toroid-

shaped chromatic structure in sperm cells makes this packaging process possible, in contrast to the 

solenoid-like arrangement in somatic cells. One of the existing tests to determine its quality is chromatin 

maturation. Previous studies have proven a correlation between sperm chromatin maturation and embryo 

development in the IVF-ICSI program [8]. 

 

The various semen analysis disorders mentioned above have more or less the same etiology, ranging from 

hypogonadism, the aging process, unhealthy lifestyle, such as excessive alcohol consumption, smoking, 

obesity, and stress, as well as environmental influences. These factors increase reactive oxygen species 

(ROS), which significantly affect the number, motility, and morphology of sperm, as well as have 

implications for DNA fragmentation and impaired sperm chromatin maturation. Various semen analysis 

disorders also have different degrees of severity. Therefore, this study aims to learn sperm DNA 

fragmentation (DFI) and chromatin maturation (CM) in oligozoospermic, asthenozoospermic, 

teratozoospermic, and OAT infertile men [9- 16]. 

 

2. Subjects and Methods 

 

2.1 Subjects 

The study involved data from 49 samples divided into 15 oligozoospermic, 15 asthenozoospermic, 9 

teratozoospermic, 9 OAT (observation group), and 10 normozoospermic fertile samples (control group). 

Samples were collected from patients at the Yasmin Infertility Clinic, Cipto Mangunkusumo Hospital 

(RSCM) Kencana Jakarta, who met the inclusion criteria, namely aged 25-40 years, performed sexual 

abstinence for 3-5 days, and signed informed consent. Ethical approval was obtained from the Health 

Research Ethics Committee FKUI-RSCM with letter number KET-944/UN2.F1/ETI/PPM.00.02/2020. 

 

2.2 Semen Analysis 

The semen of all infertile men was collected into sterile plastic containers by masturbating, and the samples 

were analyzed in accordance with WHO 2010 criteria [17]. Sperm concentration and motility were 

evaluated using a Makler counting chamber after semen samples had been liquefied. Additionally, sperm 

morphology was performed by Diff-Quick staining at Ankebio, Chongqing, China. Afterward, the sperm 
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samples were divided and forwarded for further processing, namely sperm DNA fragmentation and sperm 

chromatin maturation assays [17]. 

 

2.3 Sperm DNA fragmentation assay 

DNA fragmentation test was performed using the sperm dispersion chromatin method by Spermfunc® 

DNA kit at BRED Life Science Technology Inc., China. The agarose was placed at a temperature of 90-100 

°C for 5 minutes and heated at 37°C for 5 minutes. Then, the semen was added to the agarose and mixed 

well. The suspension was poured on agarose-coated slides and covered with a 20x20 mm cover glass. The 

slides cooled at 4°C for 5 minutes, then were slowly opened. They were then incubated in a denatured 

solution at 22°C for 7 minutes and with lysis solution at room temperature for 25 minutes. After washing 

with ddH2O for 5 minutes, they were dehydrated with graded ethanol at 70, 90, and 100% for 2 minutes per 

concentration. The slides were dried and stained with Wright's solution for 25 minutes. This is followed by 

observation via a light microscope based on various halo images, namely large, medium, small, no halo, and 

degraded sperms. The big and medium halos were classified as un-fragmented DNA, while others as 

fragmented DNA [18]. Observations were made by two observers through the determination of the 

fragmented and un-fragmented DNA randomly in 500 sperm as DNA fragmentation index (DFI) [9], [10], 

[19- 21]. 

 

2.4 Sperm chromatin maturation assay 

The sperm chromatin maturation test was performed using a SpermFunc® Histone kit. A drop of raw semen 

was spread on a glass slide, air-dried, and the smear was fixed in a 3% glutaraldehyde solution for 30 min. 

After being washed in PBS and dried, the slide was stained with 5% aqueous AB mixed with an acetic acid 

solution to control pH (3.5) for 7 min. Afterward, the stained slide was washed with PBS solution, air-dried, 

and covered by the cover glass. Sperm heads with mature chromatin were stained red-purple, while those 

with immature chromatin were stained blue.22 Observations were made by two observers through the 

determination of the mature and immature chromatin randomly in 200 sperms [8], [21], [23], [24]. 

 

2.5 Statistical Analysis 

Data analysis begins with the Shapiro-Wilk normality and the Levene homogeneity test. The independent t-

test or ANOVA is used when the data is normally distributed, otherwise, the Mann-Whitney or Kruskal-

Wallis test is used. The correlation between DFI and the level of chromatin maturation is known through 

the Pearson test. All statistical analyses were carried out using SPSS 25 for Mac and checked by a statistic 

expert. The significance level was set at 5%, which is p ≤ 0.05. 

 

3. Results 

 

3.1 Sperm DNA fragmentation 

The DFI data obtained from the samples was 22.47 ± 6.55% in normozoospermia, 26.61 ± 9.63% in 

oligozoospermia, 25.36 ± 12.26% in asthenozoospermia, 19.87% in teratozoospermia and 37.02 ± 9% in 

OAT. The statistical test results showed that there were significant differences between the groups, 

indicated by p<0.05, where specific significance was found in the comparison of DFI in OAT versus fertile 

normozoospermia (p<0.05), as shown in Table 1. 

 

Table 1. Comparison of DFI and CM of sperm in samples from the Oligozoospermia, Asthenozoospermia, 

Teratozoospermia, and OAT. (*p ≤0.05) 

 Group  
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 Fertile 

Normozoospermia 

Oligozoospermia Asthenozoospermia Teratozoospermia OAT p 

DFI 

(%) 

22.47 ± 6.55 26.61 ± 9.63 25.36 ± 12.26 19.87 37.02 

± 9 

0.248a; 

0.503 b; 

0.489 c; 

0.001 d*; 

0.041e* 

CM 

(%) 

84.8 ± 6.68 81.8 ± 6.03 80.53 ± 5.19 84.4 85 0.255 a; 

0.086 b; 

0.901 c; 

0.968 d; 

0.318 e 

“a” fertile normozoospermia vs oligozoospermia, “b” fertile normozoospermia vs asthenozoospermia, “c” 

fertile normozoospermia vs teratozoospermia, “d” fertile normozoospermia vs OAT, “e” all groups; 

Abbreviations: DFI = sperm DNA fragmentation index, CM = chromatin maturation; OAT= 

oligoasthenoteratozoospermia; * = significance level (p<0.05) 

 

This study shows the halo appearance formed from various samples. Figure 1A shows that sperm with un-

fragmented DNA, namely halo large/a and medium/b, are more numerous than the oligozoospermic, 

asthenozoospermic, teratozoospermic, and OAT groups. This is contrary to Figures 1B to 1E, which show 

more sperms with fragmented DNA, namely small halo/c, sperm that do not form halo/d, and degraded 

sperm/e more than the normozoospermic group. Furthermore, figure 1E, which is the OAT group, shows 

more sperms of fragmented DNA compared to 1B to 1D (Figure 1). 

 

 
Figure 1. The appearance of the sperm halo in samples of (A) Fertile Normozoospermia, (B) 

Oligozoospermia, (C) Asthenozoospermia, D (Teratozoospermia), and (D) OAT 

Description: (a) big halo, (b) medium halo, (c) small halo, (d) no halo, 

(e) Degraded sperm. Abbreviation: OAT = oligoasthenoteratozoospermia 

 

3.2 Sperm Chromatin Maturation 

The average sperm chromatin maturation rate was 84.8 ± 6.68%, 81.8 ± 6.03%, 80.53 ± 5.19%, 84.4%, and 

85% for the normozoospermic fertile group, oligozoospermia, asthenozoospermia, teratozoospermia, and 

OAT, respectively. Based on the results of the Kruskal-Wallis test, the chromatin maturation ratio of each 

group was not significant, as indicated by p>0.05 (Table 1). 

 

This study also showed the results of AB staining to describe the chromatin maturation of sperm in various 

samples, as shown in Figure 2. Overall, for both normozoospermic, infertile oligozoospermic, 
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asthenozoospermic, teratozoospermic, and OAT samples, the proportion of mature sperm chromatin 

maturation was not significantly different from the immature. 

 

 
Figure 2. The appearance of sperm chromatin maturation in sample group (A) Fertile Normozoospermia, 

(B) Oligozoospermia, (C) Asthenozoospermia, (D) Teratozoospermia, and (D) OAT. Description: (a) 

Mature Chromatin, (b) Immature Chromatin. Abbreviation: OAT = oligoasthenoteratozoospermia 

 

3.3 Correlation of DFI and Sperm Chromatin Maturation 

The Pearson correlation coefficient for DFI and sperm chromatin maturation level is 0.007 with a p-value of 

0.958, indicating a weak and insignificant relationship between the two parameters of sperm quality. 

 

4. Discussion 

 

4.1 Sperm DNA Fragmentation 

This study found that the mean DFI of oligozoospermia, asthenozoospermia, and OAT was higher than the 

normozoospermia fertile group. However, only the comparison of DFI of OAT versus fertile was 

considered statistically significant. Sperm abnormalities in the oligozoospermia, asthenozoospermia, and 

teratozoospermia categories only involved one analysis parameter, namely concentration/amount, motility, 

or morphology. In contrast, OAT involved all three semen analysis parameters at once. Sperm 

concentration, motility, and semen volume are the three most important factors in determining sperm 

quality, which in turn determines the severity of male infertility [25]. However, previous studies stated that 

morphology parameters can better predict fertilization success than sperm concentration and motility 

parameters [26]. The cellular mechanism underlying the pathological conditions of this sperm abnormality, 

namely oxidative stress, was found to occur more in infertile than fertile men and also in OAT compared to 

other sperm abnormalities [27]. 

 

The results of this study are consistent with the reports of previous studies that DNA fragmentation is 

negatively correlated with the number and motility of sperm. However, the correlation is positive on the 

morphological abnormalities of the sperm themselves. This can be attributed to the presence of ROS in the 

semen of the individual concerned [10], [11], [19], [28- 30]. 

 

ROS is the main cause of sperm damage, as it causes peroxidation of polyunsaturated fatty acids (PUFA) in 

sperm membranes (defects in morphology), damages flagella (impair motility), and attacks mitochondria, 

resulting in apoptosis. ROS can also interfere with the chromatin maturation process, causing the protamine 

ratio in sperm to be less than 85-87%. In fact, this maturation is an essential process for chromatin 

condensation to protect DNA. In a looser state of chromatin, DNA will be more easily exposed to ROS, 

thus, implications such as DNA single and double-stranded fragmentation, as well as oxidation of the DNA 

constituent bases, can rise, thereby forming 8-hydroxy deoxyguanine (8-OHdG). The presence of 8-OHdG 
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interferes with the efforts of sperm to repair the DNA damage that occurs [9], [13], [21], [31- 34]. 

 

According to [35], the quality of sperm is strongly influenced by ROS, since a higher number of ROS 

results in more damage. Furthermore, DNA fragmentation is negatively correlated with a person’s fertility. 

[32] found that infertile male sperm still can fertilize an ovum, but the problem occurs when the zygote is 

formed and begins the division process. At that time, the female body recognizes that there is something 

wrong with the zygote, resulting in an abortion of the structure. In the case of success in the fertilization 

process, there is a high possibility of the child suffering from various disorders because the chromosomes 

donated by the father's sperm have an unstable genome. To maximize the likelihood of a successful ART 

treatment that results in healthy, well-adjusted offspring, it is imperative that clinicians select the best 

quality sperm [26- 28], [31- 33]. 

 

4.2 Sperm Chromatin Maturation 

Analytically, the comparison of chromatin maturation levels between groups was not statistically 

significant, as indicated by p>0.053. There are two opinions regarding this matter; the first argues that 

chromatin maturation correlates with abnormal sperm parameters. [24], [34] assumed that chromatin 

maturation affects all three parameters of sperms, namely number, motility, and morphology. [8], [36] 

opined that this correlation is only related to sperm morphology. On the other hand, [33], [37] believe that 

chromatin maturation does not correlate with sperm parameters. This is because chromatin maturation is 

related only to the packaging of sperm DNA, not direct to its quality or integrity. Additionally, there are 

differences between the sperm and somatic cells in terms of histone and protamine composition. In sperm 

cells, there are more protamine in about 70% compared to histone. This protamine will optimally package 

the DNA (genetic material) to fit in the sperm head and is protected during transportation from pressure or 

other external factors [38]. The protection of genetic material reduces the likelihood of incurring damages 

[8], [32- 39]. 

 

4.3 Correlation between DFI and Chromatin Maturation Rate 

The Pearson correlation coefficient between the two variables is 0.088, with a p-value of 0.936. Based on 

the test results, the correlation between DFI and chromatin maturation level in the group in this study was 

very weak and insignificant. Indeed, DNA fragmentation is more likely to occur when there is a disturbance 

in chromatin maturation. This is because looser chromatin arrangement may make it easier for ROS to 

access DNA, but not vice versa. Impaired chromatin maturation is independent of sperm DNA 

fragmentation. As previously mentioned, the disruption of chromatin maturation will not necessarily cause 

DNA fragmentation due to the presence of protamine. Therefore, the relationship between the two is only 

one-way, and the degree can be neglected. 

 

5. Conclusion 

Conclusively, DNA fragmentation predicts quality disorder in abnormalities of sperm analysis parameters, 

particularly in oligoasthenoteratozoospermia, compared to others. Additionally, sperm chromatin 

maturation does not predict sperm quality disorder. 
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