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The DNA fragmentation index (DFI) is an essential factor in assessing the quality of 
the genetic material of human sperm. Its influence on the characteristic parameters 
of sperm quality remains a matter of debate. Ours work aim to find a correlation 
between the DNA fragmentation index and the characteristic parameters of sperm 
quality, namely: sperm count, motility, vitality, and morphology. The results showed 
a coefficient of determination between 0.11 and 0.17 suggesting a weakly negative 
correlation between DFI and motility, vitality, and even count. The correlation found 
between the sperm DNA fragmentation index and the rate of morphologically abnormal 
spermatozoa was much weaker, suggesting an absence of correlation.
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1. Introduction

The sperm DNA fragmentation index (DFI) is a critical 
parameter in the integrity of sperm genetic material.  
It assesses the percentage of sperm with a high DNA 
fragmentation index to those with intact DNA. Sperm DNA 
fragmentation results from breaks in sperm DNA that can 
be caused by several factors, including oxidative stress, 
chromatin remodelling defects, and obstructive apoptosis.
For many years, the spermogram and spermocytogram 
have been the first-line tests for diagnosing male infertility. 
Even though they allow the evaluation of characteristic 
parameters of sperm quality and physicochemical 
properties of sperm. They remain ineffective in explaining 
the causes of male infertility. Indeed, we can find men with 
normal sperm parameters but with infertility disorders due 
to poor sperm quality of genetic material, which is often 

associated with reduced fertilization rates, abortions, and in 
vitro fertilization failures. In this sense, Benchaib, Boughali, 
et al., respectively showed a negative correlation between 
the DNA fragmentation index and the different parameters 
of the spermogram except for the morphologically abnormal 
sperm count (Benchaib et al., 2003; Boughali et al., 2006).
Our work aims to find a correlation between the DNA 
fragmentation index and the characteristic parameters of 
sperm quality, namely: sperm count, motility, vitality, and 
morphology.

Patients and methods

Sample collection

This study was carried out at the Laboratoire d’analyses 
médicales et de biologie de la reproduction, “Labomac,” 
Casablanca, Morocco. We established a study group of 
50 standard and pathological samples. Informed consent 
was obtained from all included patients before using their 
semen in this study. Then, the samples were collected after 
3 to 4 days of abstinence in sterile and labelled containers 
(S. E. Lewis-2007). For liquefaction, the samples were 
stored at 35°C until use (Mbaye et al., 2020). We monitored 
at a time interval of 10 min until liquefaction was complete. 
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Microscopic analysis was performed in accordance with 
World Health Organization (WHO) standards and guidelines 
(S. E. Lewis-2007).

Motility 

Sperm motility was assessed using the CASA system. We 
deposited a 10 𝜇l aliquot of the mixture (semen/oil, control) 
on a 20 𝜇m Makler counting chamber. Then we observed 
with CASA: Computer Assisted Semen Analysis Hamilton-
Thorne version 10 HTM IVOS Analyzer (Hamilton-Thorne 
Biosciences, Beverly, MA, USA), immediately after depositing 
the mixture (Hirano et al., 2001).

Vitality 

Sperm vitality was assessed using a 2% eosin stain (Amelar 
1973). We took a smear consisting of one drop of semen 
and one drop of 1% eosin. Subsequently, counting of live 
sperm (colorless) and dead sperm (pink head) via an optical 
microscope (objective × 40) using the same principle of the 
virtual line that was applied in the evaluation of motility, the 
percentage of live sperm and dead sperm on different fields 
was estimated using a counter (Amelar et al., 1973). 

Counting

For the evaluation of the count, we added 380 µl of 1% 
formalin and 20 µl of semen (1:20 dilution) to a tube 
[8]. After carefully homogenizing the mixture with the 
micropipette, we placed a volume of this mixture inside one 
of the Kova cups (a single-use counting cell consisting of 10 
cups, each cup consisting of 20 rows and 8 columns), using 
an optical microscope (objective × 40) (Ali et al., 2013). We 
counted the intact spermatozoa. The following relationship 
estimates the count: 

N = n × 20 × D × 103 × 10-6

N: the count in M/ml
n: the number of sperm counted in a column of 8 squares
D : dilution factor

Morphology

 In a tube, we mixed 1 ml of Earl with a volume of sperm that 
is defined according to the sperm count; in the case of normal 
sperm, we added 0.5 ml of the sperm in the tube. In the case 
of oligozoospermic samples, 1 ml of semen was added to 
the tube containing Earl and centrifuged at 1000 rpm for 
5 minutes. From the pellet, we made a smear which was 
left to dry and then fixed with 97% alcohol. The smear was 
left to dry once more and then stained with haematoxylin 
for 3 min. The slide was then rinsed and placed in a bottle 
containing ammonia (3 times). After rinsing, we placed 
the slide in another vial containing Schoor’s dye for 1 min. 
Finally, the slide was rinsed and then observed under the 
light microscope (objective × 100) (Lannou et al., 2013).

The Sperm DNA Fragmentation Index

Sperm DNA integrity was assessed by the TUNEL test 
using a commercial kit (Roche Diagnostic, Lewes, UK). 
The principle of the TUNEL technique is to use an enzyme, 
terminal deoxynucleotransferase (TdT), capable of adding 
nucleotides to the 3’-OH ends of free DNA.
The semen sample was washed twice in phosphate-buffered 
saline (PBS, Sigma-Aldrich, Gillingham, UK) and adjusted to a 
concentration of 2 x 107 cells/ml in PBS. The cell suspension 
was then fixed in PBS containing 2% formaldehyde (Sigma-
Aldrich) for 60 minutes at room temperature. After a double 
wash with PBS, the sample was centrifuged at 1200 rpm. 
This step was repeated twice. The prepared slides were 
immediately analyzed using a fluorescence microscope 
(Nikon Eclipse 80i) equipped with appropriate filters. 
Images were captured using a CCD camera and XytoGen 
software (Excilone, version 3.8.46, France) (figure 1) 
(Kaarouch et al., 2018).

Statistical analysis

The data obtained in our experiment were statistically 
analyzed. Our results on the correlation of the DNA 
fragmentation index and some characteristic parameters of 
sperm quality were performed by Student’s t-test (t-test). 

Figure 1: Processing method used for evaluating the DNA fragmentation index (DFI) [10].
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Student’s t-test (t-test). All graphs and histograms shown in 
this article were produced using GraphPadPrism7.

Result

Correlation between DFI and some characteristic 
parameters of sperm quality

The linear coefficients of correlation of determination (R2) 
found between the sperm DNA fragmentation index, and the 
different parameters typical of sperm quality studied are as 
follows:

-The coefficient of determination between the DNA 
fragmentation index and the count was R2=0.11 (figure 2A).

-The coefficient of determination between the DNA 
fragmentation index and motility was R2=0.16 (figure 2B).

-The coefficient of determination between the DNA 
fragmentation index and necrozoospermia was R2=0.006 
(figure 2C).

-The coefficient of determination between the DNA 
fragmentation index and vitality was R2=0.13 (Figure 2D).

-The coefficient of determination between the DNA 
fragmentation index and the percentage of normal sperm 
was R2=0.17 (figure 2E).

-The coefficient of determination between the DNA 
fragmentation index and the percentage of abnormal sperm 

Figure 2: the distribution of the different parameters characteristic of sperm quality studied according to the DNA frag-
mentation index. A) count; B) motility; C) necrozoospermia; D) vitality; E) percentage of normal spermatozoa F) percent-
age of abnormal spermatozoa.
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was R2=0.16 (figure 2F).

The correlation coefficients R2 found between the DNA 
fragmentation index and count, motility, vitality, and normal 
spermatozoa, respectively, are less than 0.5. This means 
that the linear relationships between DFI and the latter 
are fragile. In contrast, those for necrozoospermia and 
abnormal sperm percentage are much weaker, suggesting a 
lack of correlation. 

Discussion 

In this work, we are interested in evaluating the impact of 
fragmentations that occur in human sperm DNA on some 
parameter’s characteristics of sperm quality, namely: sperm 
count, motility, vitality, and morphology, in order to prove 
the presence or absence of correlation between them and 
DFI.

The Sperm DNA Fragmentation Index is one of the main 
tests in genetic evaluation that explores the quality of the 
sperm genome by determining the percentage of sperm 
with fragmented DNA compared to those that have retained 
their genetic material intact (Evgeni et al., 2014).. DNA 
fragmentation is a physiological phenomenon due to several 
factors and mechanisms that cause alterations and breaks in 
sperm DNA, indeed sperm DNA fragmentation can influence 
different spermogram parameters, including sperm count, 
progressive motility, vitality, and morphology (Wright et al., 
2014). The linear correlation coefficient R2 measures the 
strength and direction of the linear relationship between 
the two variables (Taylor et al., 1990). The results of our 
work showed that some characteristic parameters of 
sperm quality studied showed a low negative correlation 
with DFI (coefficient of determination R² between 0.11 
and 0.17).  The count, motility, vitality and percentage of 
normal spermatozoa gave correlation coefficients with the 
fragmentation index of R2=0.11 (figure 2A), R2=0.16 (figure 
2B), R2=0.13 (figure 2D), R2=0.17 (figure 2E) respectively. 
Thus, the linear relationships between DFI and these are 
fragile.

On the other hand, those for necrozoospermia and abnormal 
percentage are much weaker, suggesting an absence of 
correlation, as they are respectively R2=0.006 (figure 2C) 
and R2=0.07 (figure 2F).
 Fragmentation of sperm DNA is a critical factor that mainly 
affects the percentage of live sperm and the rate of typical 
forms in the sperm, thus causing a slight decrease in the 
percentage of live sperm and morphologically normal 
spermatozoa. When spermatozoa have a high DFI, sperm 
DNA fragmentation does not affect the percentage of dead 
spermatozoa and the rate of abnormal forms (Gliozzi et al., 
2011).

Our results are in perfect correlation with those of the 
literature, namely: the study of Benchaib et al which showed 
a negative correlation between some parameters of sperm 
quality, notably necrozoospermia and the percentage of 
normal spermatozoa with DFI (Benchaib et al., 2003) and 
the study of Boughali et al, which found that the rate of 
abnormal spermatozoa was correlated with DFI (Boughali 
et al., 2006)

Conclusion

In our study, we found that the count and progressive motility 
are negatively correlated with the DNA fragmentation 
index; we also observed the absence of correlation 
between the two percentages of dead spermatozoa and 
morphologically normal spermatozoa with DFI, while there 
is a negative correlation between the two percentages of 
live spermatozoa and abnormal spermatozoa with the DFI
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