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ABSTRACT 
 

Previous studies have suggested that the presence of circulating nucleic acids (cell-free DNA) in 
seminal plasma may indicate disease states. However, the potential association between cell-free 
DNA (cfDNA) levels in seminal plasma and sperm fertility parameters has not yet been definitively 
determined. 
In this study, we will compare seminal free DNA levels between normozoospermic samples and 
those from different pathologies related to characteristic parameters of sperm quality 
(asthenozoospermia, azoospermia, teratozoospermia, oligozoospermia and a few samples with a 
high fragmentation index) in order to detect a potential association between free DNA levels in 
seminal plasma and these different pathologies of male fertility.  
The recovery of free DNA from our different samples was done with the MACHEREY-NAGEL 
NucleoSpin® kit. This kit allows isolation of DNA from cell-free biological fluids using rapid silica 
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column procedures. The quantification of free DNA in our samples was performed by quantitative 
PCR (RT-qPCR).  
Our results showed a significant difference in the level of free seminal DNA between 
normozoospermic samples and oligozoosperimic, teratozoosperimic, azoosperimic samples and 
those with a high DNA fragmentation index. On the other hand, no significant difference in the level 
of seminal free DNA was noted between normozoospermic and asthenozoospermic samples.  
These results suggest that seminal free DNA may be an important biomarker in the assessment of 
human sperm fertility. 
 

 
Keywords: Cell-free DNA; oligozoospermic; teratozoospermic; azoospermic and normozoospermic. 
 

1. INTRODUCTION  
 
Circulating nucleic acids (cell-free DNA) 
constitute a very important source of non-
invasive biomarkers which are very useful in 
current practice for the detection and monitoring 
of various pathologies [1]. Circulating nucleic 
acids including free DNA result from the release 
of dying cells [2]. According to the VLASSOV et 
al team, living cells can also release them [3]. 
 
In human pathology, they are the diagnostic and 
/ or prognostic tools of choice, owing to the fact 
that they can be easily dosed in different 
biological fluids, in particular amniotic fluid [4], 
blood plasma [5], and cerebrospinal fluid [4,6], 
saliva [7], blood [8] and urine [9].  
 
Since then, in recent years, they have found a 
very growing interest in several fields and 
potential clinical applications such as cancer 
detection and prognosis, prenatal diagnosis, 
forensic investigation and human fertility with the 
sole aim of being able to improve the 
management of infertile couples or even the poor 
results of in vitro fertilization [10].  
 
Thus, in medically assisted procreation (MAP), 
circulating nucleic acids have proven their 
effectiveness in evaluating the quality of the 
follicular microenvironment [11], in identifying 
certain pathologies of the ovarian reserve [12], in 
predicting embryonic development in vitro [13] 
and to detect potential abnormalities in 
spermatogenesis [14]. Moreover, it is in this 
sense that several studies have shown a 
significant difference in the rate of free seminal 
nucleic acids between azoospermic and 
normozoospermic samples [2,10,12].  
 
In this present study, we will compare the levels 
of free nucleic acids between a few different 
pathologies of sperm quality (oligozoosperimic, 
teratozoosperimic, azoosperimic and those with 
a high DNA fragmentation index) and the 

normozoospermic sample in order to detect 
them. a possible association between each 
abnormality and the level of cell-free DNA.  
 
2. MATERIALS AND METHODS 
 

2.1 Collecting Samples  
 
The collection of our samples was carried out at 
the Laboratory of Medical Analysis and 
Reproductive Biology, "Labomac", Casablanca, 
Morocco. We had to establish a group of 18 
samples divided into different subgroups 
according to the specifications of the WHO 
(2010): 3 samples from men diagnosed as 
normozoospermic (progressive motility ≥ 32%), 3 
samples from men diagnosed as 
Asthenozoospermic (progressive motility < 32%), 
3 samples from men diagnosed as Azoospermic 
(absence of sperm in the ejaculate), 3 samples 
from men diagnosed teratozoospermic (normal 
sperm ≤ 4% ),3 samples from men diagnosed 
oligozoospermic (sperm count < 15 million/mL),3 
samples from men diagnosed with high DNA 
fragmentation index (TUNEL Assay with a result 
> 4%). 
  

2.2 Preparation of Our Samples  
 
To confirm the presence and quantify free 
seminal DNA (CfDNA) in our various samples. 
Our seminal plasmas were obtained by low 
speed centrifugation to avoid cell lyses (500 × g 
for 10 min and the seminal plasma was then 
centrifuged again at 10,000 × g for 5 min). 
Seminal plasma obtained by high-speed 
centrifugation was subjected directly to the 
isolation of seminal free DNA (CfDNA). 
 

2.3 Recovery of Free DNA   
 

This study was carried out at the molecular 
biology unit at the regional analysis and research 
laboratory of the National Office of Sanitary 
Safety of Food Products "ONSSA", Morocco.  
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The recovery of free DNA from our different 
samples was done with the MACHEREY-NAGEL 
NucleoSpin® kit. This kit allows the isolation of 
DNA from biological fluids using rapid silica 
column procedures. No extraction of phenol 
chloroform was necessary. DNA specifically 
binds to the MACHEREY-NAGEL NucleoSpin® 
silica membrane as contaminants pass through. 
PCR inhibitors such as cations and divalent 
proteins are completely removed in three efficient 
wash steps leaving pure DNA to elute in water 
(RNase-Free H2O) supplied with the kit.   
 
The test sample size was 200 μl for each sample 
giving a final elution volume of 50 μl. The 
extractions were made in a dedicated room, at 
room temperature, under a biological safety 
cabinet (BSC) and after careful cleaning of the 
bench to avoid contamination as much as 
possible. 
 
2.4 Measuring the Distribution of Free 

DNA Quantities 
 
For the quantification of free DNA, real-time PCR 
was performed as described above [2] with an 
Applied Biosystems 7500 Fast Real-Time PCR 
system using SYBR GREEN fluorescence 
detection of amplified products. For our q RT-
PCR, we used the human growth differentiation 
factor (hGDF) gene, a regulator of cell growth 
and differentiation in embryonic and adult 
tissues. The two primer pairs were as follows: 
forward 5'-CGCAGAGGTCAGGAAACTGTC-3 ', 
reverse 5'-GGCAGGTACACATGACGGTCT-3. It 
was chosen for its cellular and ubiquitous 
specificities. 
 
Duplicate measurements were carried out per 
sample and a four-step temperature protocol was 
applied as follows: 95°C for 10 min (initial 
denaturation); 35 cycles of 25 s at 95°C 
(denaturation); 30 s at 60ºC (annealing), 30 s at 
72ºC (elongation) and 8 s at 84ºC (fluorescence 
measurement). A melting curve was generated at 
the end of each cycle to ensure product 
consistency. The calibration curve was 
constructed using CfDNA concentrated in serial 
dilutions. 
 

2.5 Statistical Analysis  
 
The data obtained in our experiment were 
subjected to a statistical study. The comparison 
of our results between the levels of free            

DNA found in our different pathological          
samples (oligozoospermic, teratozoospermic, 
azoospermic and those with a high index of DNA 
fragmentation) and the normozoospermic sample 
was done by Student's t-test. All the graphs and 
histograms represented in this article were made 
with the software: GraphPadPrism7. 
 

3. RESULTS  
 

Each seminal plasma sample was measured in 
duplicate. From these two values, we had to 
calculate the average concentration.  
 

The measured values were in μg / ml. 
 

The lowest value was 0.08 μg / ml while the 
highest was 1.47 μg / ml. 
 

The «control» normozoospermic group had 
seminal free DNA concentrations of 0.39 ± 0.42 
μg / ml with a minimum at 0.08 μg / ml and a 
maximum at 0.10 μg / ml. 
 

Analysis of each abnormality compared to 
normozoospermic samples showed: 
 

Comparison of the rate of free seminal DNA 
(CfDNA) of normozoospermic samples (0.09 ± 
0.01 μg / ml) and that with a high index of DNA 
fragmentation (1.10 ± 0.44 μg / ml) showed a 
significant increase (p = 0.052) in the latter         
(Fig. 1A). 
 

The comparison of the rate of free seminal DNA 
(CfDNA) between normozoospermic samples 
(0.09 ± 0.01 μg / ml) and that of oligozoospermic 
samples (1.26 ± 0.22 μg / ml) showed a 
significant increase (p = 0.051) in the latter         
(Fig. 1B). 
 

The comparison of the rate of free seminal DNA 
(CfDNA) of normozoospermic samples (0.09 ± 
0.01 μg / ml) and that of teratozoospermic 
samples (1.30 ± 0.22 μg / ml) showed a 
significant increase (p = 0.01) in the latter         
(Fig. 1C). 
 

Comparison of the free DNA level of 
normozoospermic samples (0.09 ± 0.01 μg / ml) 
and that of azoospermic samples (1.25 ± 0.09 μg 
/ ml) showed a significant increase (p = 0.003) in 
the latter (Fig. 1D). 
 

Comparison of the seminal free DNA (CfDNA) 
level of asthenozoospermic patients (0.85 ± 0.01 
μg / ml) and that of normozoospermic samples 
(0.09 ± 0.01 μg / ml) showed no significant 
difference. 



 
Fig. 1. Comparison of seminal free DNA (CfDNA) levels between samples of each pathology 

(high DNA fragmentation index 
(n = 3), teratozoospermic (n = 3) (C) and azoospermic (n = 3) (D)) and that of normozoospermic 

samples (n = 3)) s. Data are expressed as mean ± standard deviation
 

4. DISCUSSION 
 
The aim of this study was to compare the 
seminal free DNA (CfDNA) levels of 
some pathologies of sperm quality 
(asthenozoospermia, oligozoospermia, 
teratozoospermia, azoospermia and those with a 
high DNA fragmentation index) and the sampl
normozoospermic in order to detect a possible 
potential between these levels of free seminal 
DNA and these various pathologies.
 
This study also confirmed the presence of free 
DNA in human sperm plasma. 
 
The characteristics of our standard curve, 
namely: the correlation coefficient (R2) (0.995), 
the slope (-3.285) and the efficiency (109.335) 
show that our qRT-PCR worked perfectly and 
allowed satisfactory amplifications.
 
Analysis of our results showed that the 
comparison between the seminal free D
(CfDNA) levels of normozoospermic samples 
and some abnormalities such as those with a 
high DNA fragmentation index (p = 0.052) (Fig
1A), the oligozoospermic samples (p = 0.051) 
(Fig. 1B), the teratozoospermic samples (p = 
0.01) (Fig. 1C) and the azoospermic samples (p 
= 0.003) (Fig. 1D) showed a significant 
difference. In contrast, comparison of free 
seminal DNA levels between asthenozoospermic 
and normozoospermic samples showed no 
significant difference. Thus, we can say that 
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Fig. 1. Comparison of seminal free DNA (CfDNA) levels between samples of each pathology 
(high DNA fragmentation index (DFI) (n = 3) (A), oligozoospermic (n = 3) (B), oligozoospermic 

(n = 3), teratozoospermic (n = 3) (C) and azoospermic (n = 3) (D)) and that of normozoospermic 
samples (n = 3)) s. Data are expressed as mean ± standard deviation

The aim of this study was to compare the 
seminal free DNA (CfDNA) levels of               
some pathologies of sperm quality 
(asthenozoospermia, oligozoospermia, 
teratozoospermia, azoospermia and those with a 
high DNA fragmentation index) and the samples. 
normozoospermic in order to detect a possible 
potential between these levels of free seminal 
DNA and these various pathologies. 

This study also confirmed the presence of free 

The characteristics of our standard curve, 
namely: the correlation coefficient (R2) (0.995), 

3.285) and the efficiency (109.335) 
PCR worked perfectly and 

allowed satisfactory amplifications. 

Analysis of our results showed that the 
comparison between the seminal free DNA 
(CfDNA) levels of normozoospermic samples 
and some abnormalities such as those with a 
high DNA fragmentation index (p = 0.052) (Fig. 
1A), the oligozoospermic samples (p = 0.051) 

1B), the teratozoospermic samples (p = 
ermic samples (p 

1D) showed a significant 
difference. In contrast, comparison of free 
seminal DNA levels between asthenozoospermic 
and normozoospermic samples showed no 
significant difference. Thus, we can say that         

the results for this sample cohort seem 
encouraging. 
 
Our results are in line with the results of Pierre Di 
Pizio who found significant differences in the 
level of seminal CfDNA in azoospermic (p = 
0.03), teratozoospermic (p = 0.008) patients and 
an absence of significant difference between the 
levels of seminal CfDNA in patients versus 
matched controls. Unlike us, he found an 
absence of significant difference between 
circulating seminal DNA concentrations in 
oligozoospermic patients and controls [15].
 
Our results also on the significant increase in the 
level of CfDNA in the azoospermic patients (P = 
0.003) and the controls are in perfect with those 
of Li et al, who found a significant increase of 
(P <0.05) [16]. 
 
According to the team of Gonzales et al, the 
presence of free seminal DNA in human sperm is 
due to several processes such as apoptosis, 
necrosis and / or netosis which lead to DNA 
release. free in the extracellular environment 
[17]. It is in this same perspective that the team 
of Brinkmann et al, showed that
free seminal DNA in oligozoospermic patients 
would result from a deficient spermiogenesis. 
That is, when sperm maturation is poor, cellular 
checkpoints come into play and cause these 
defective elements to go into apoptosis [18]. 
However, the presence of free seminal DNA in 
patients with a high DNA fragmentation index is 
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not well documented. Nevertheless, it can be 
thought that it is due either to the apoptosis of 
germ cells during spermatogenesis in 
mammalian testes [18], or to the result of 
secretions by cells of the glandular organs, 
namely the secretions of seminal vesicles, 
prostate and bulburethral glands, which make up 
about 90% of semen volume. According to the 
team of Dimopoulou et al, the presence of high 
seminal free DNA in teratozoospermic patients 
results from deficient spermiogenesis [19]. 
 
Certain pathological conditions, such as certain 
inflammations, cancers, trauma, etc., which 
cannot be detected by current WHO guidelines, 
may contribute to high concentrations of free 
DNA [20]. 
 

5. CONCLUSION 
 
Significant increases in seminal free DNA 
(CfDNA) levels in teratospermia, 
oligozoospermia, azoospermia, and high 
fragmentation index compared to controls show 
that seminal CfDNAs may be important 
biomarkers in the management of infertility of 
these abnormalities. In contrast, in 
asthenozoospermic patients no significant 
difference was noted. 
 
CONSENT 
 
Informed consent was obtained from all patients 
included before using their sperm in this study. 
Samples were then collected after 3 to 4 days of 
abstinence in sterile, labelled containers [13]. 
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