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Comparison of the DNA Fragmentation
and the Sperm Parameters after
Processing by the Density Gradient

and the Swim up Methods

ABSTRACT

Introduction: The swim up and the density-gradient centrifu-
gation are the two main techniques which are used to separate
the viable motile sperm fraction in the assisted reproductive tech-
nology. However, there are several published studies about these
methods, but there is no sufficient evidence for recommending the
superiority of one of them. This study was designed to study the
efficiency of the swim-up and the density gradient techniques to
recover the spermatozoa with a high degree of motility, a normal
morphology and a low level of DNA fragmentation.

Material and Methods: A total of 35 semen samples were

included in the study. The semen samples were collected, one
part of the semen was spread on a slide and the remainder was
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prepared by using the swim-up orthe density gradient techniques.
The recovered spermatozoa were evaluated for concentration,
motility, and normal morphology. A comet assay was carried out
to assay the DNA fragmentation in all the samples.

Results: There were significant differences in the sperm
parameters between the density gradient and the swim up
techniques. Also, the swim-up technique showed a significantly
higher level of DNA fragmentation as compare to the density
gradient technique.

Conclusion: The results of this study demonstrated several
benefits of the gradients method in the separation of normal
and motile spermatozoa with healthy DNA, in comparison to the
swim up method.
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INTRODUCTION

In the assisted reproductive technology, swim up and density-
gradient centrifugation are the two main techniques which
are used to separate the viable motile sperm fraction from the
other semen components [1-3]. Although several studies have
been published on the effectiveness of these methods, there is
insufficient evidence for recommending the superiority of one
of them. Over the past years, the comparative studies on the
sperm preparation methods have essentially investigated the
outcomes such as the recovery rates and the conventional semen
parameters [3-5]. And more recently, researchers have focused
on the evaluation of the molecular parameters such as sperm
DNA damage or apoptosis for the comparison of these different
separation methods [6-12]. Spano et al., [7] in 1999, have been
shown that the swim-up sperm separation may improve some
of the sperm chromatin structure assay-related parameters.
Younglai et al., [8] in 2001, have reported that the swim up method
does not induce sperm DNA damage. Furthermore, Zini et al., [5]
in 2000, found that the percentage of sperm with denaturated
DNA was reduced significantly among the swim-up-treated but
not among the density-gradient centrifugation—treated sperm, as
compared to the whole semen. In contrast, it has been reported
that the motile sperms which were obtained by density-gradient
centrifugation had a higher mitochondrial membrane potential
and a lower DNA fragmentation, they generated a lower ROS
and they were more viable than those which were among the
whole semen [9,10]. Also, according to Sakkas et al., [11] results,
there was a significant decrease in the percentage of sperm
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with DNA damage on using the density-gradient centrifugation
technique, whereas on using the swim-up method, the recovered
sperm showed no significant improvement. On the other hand,
some studies have investigated apoptosis in the prepared sperm
by swim-up [12-14] and density-gradient centrifugation [15,16]
and they have reported contradictory results. Because of these
results, there was no consensus about which method was
superior for isolating the “functionally normal” sperm. The aim
of the present study was to compare the effects of the density-
gradient centrifugation and the swim-up methods on the sperm
parameters and the DNA fragmentation.

MATERIALS AND METHODS

Semen Analysis

Semen samples were obtained from 35 men who underwent a
semen analysis. This study was approved by the Research Com-
mittee of Hamadan University of Medical Sciences (Iran). A routine
semen analysis was performed according to the World Health
Organization (WHO) guidelines [17]. The sperm morphology was
assessed by using the WHO criteria at a cut-off point of 30%
normal sperm. From each ejaculate, two aliquots were taken for
density-gradient centrifugation and the swim-up preparation.

Swim-Up

An aliquot of 0.5ml of whole semen was washed with 4ml of
medium (Hams F10,Sigma) which was supplemented with 10%
human serum albumin in a 15ml Falcon conical tube and it
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was then centrifuged at 300g for 10 minutes. The supernatant
was discarded and 0.5ml of medium was gently layered on the
pellet. Then, the tube was inclined at an angle of 45 degrees and
incubated at 37°C for at least 45 minutes. The tube was then
gently set upright and the upper interface was gently aspirated
with a Pasteur pipette. An aliquot was examined for the sperm
concentration and motility, and another aliquot was used for the
comet assay analysis.

Density-Gradient Centrifugation

Silane-coated silica particles were used for the gradient separation
(PureSperm 40/80; Nidacon International, Goteborg, Sweden).
A 2 layer gradient was prepared by using ready-to-use solutions
of 80% and 40% PureSperm. The media were warmed to 37°C.
By using a sterile pipette, 0.5ml of liquefied semen sample was
placed on top of the upper layer in a conical 5ml centrifuge tube.
The tube was centrifuged at 300g for 20 minutes. The supernatant
was then removed and the pellet was suspended in a volume of
1ml of medium. It was again centrifuged at 500g for 10 minutes.
The pellet was resuspended in a volume of 0.5ml of medium. An
aliquot was examined for the sperm concentration and motility, and
another aliquot was used for the comet assay analysis.

The Single Cell Gel Electrophoresis (comet) Assay
Inthis study, the comet assay was performed by using a modification
of the Angelis method [18] in order to detect both the single and
the double stranded breaks.

Pre-cleaned slides (ROTH, Germany) were dipped in a solution of
1.5% (w/v) normal melting point agarose (NMPA) in PBS, coverslips
was then placed on top of them, and the agarose was allowed to
solidify at room temperature overnight. The next day, the coverslips
were removed and 100 micro litter suspensions of spermatozoa in
1% (w/v) low melting point agarose (LMPA), at a concentration of
1x10* cell/ml, were pipetted onto the slides and they were covered
with coverslips. The slides were allowed to solidify at 4°C for 5
minutes and then the coverslips were gently removed, 1% LMPA
was used to form a third layer and the slides were allowed to solidify
at 4°C for at least 1 hour. Then, the slides with the coverslips were
removed and they were placed in cold lysis buffer (2.5 M NaCL,
100 mM EDTA, 10 mM Tris, 1% Triton X-100, 1% DMSO, and 10
mM Dithiothreitol [DDT] at a PH of 10 for 30 min at 4°C. They were
protected from light. The slides were then incubated at 37°C in
10pg/ml of Proteinase K (Sigma) in lysis buffer for 2.5 hours.

Following the cell lysis, all the slides were washed through three
changes of distilled water at 5 min intervals to remove salt and
detergent from the microgels. The slides were placed in a horizontal
electrophoresis tank which was filled with electrophoresis buffer
(10 mM Tris containing 0.08 M boric acid and 0.5 M EDTA pH=8.2)
and they were kept for 20 minutes to allow the DNA to unwind. The
electrophoresis buffer was adjusted at a level of ~0.25 cm above
the surfaces of the slides. The electrophoresis was performed for
20 minutes at 25V which was adjusted to 300 mA, by either raising
or lowering the buffer level in the tank. When the electrophoresis
was completed, the slides were dried and flooded with three
changes of neutralization buffer (0.4 mol/I Tris; PH 7.5), each for
5 minutes. After a neutralization step, the slides were stained with
ethidium bromide (20pg/ml dissolved in distilled water) and they
were mounted with cover slips. The cells were visualized at 200X
by using a fluorescent microscope (Nikon).
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Each cell with fragmented DNA had the appearance of a comet
[Table/Fig-1], with a bright fluorescent head and a tail on one side,
which was formed by the DNA, which contained strand breaks that
were drowned away during the electrophoresis. The samples were
run in duplicate, and 50 cells were randomly analyzed per slide
for a total of 100 cells per sample. The percentage of the sperms
with a comet appearance was considered as the comet index on
each slide.

[Table/Fig-1]: Comet assay, The figure A shows sperm without DNA
fragmentation and the figure B shows sperm with high degree of DNA
fragmentation

STATISTICAL ANALYSIS

The statistical analysis was performed by using the SPSS, version
11 software. The normal distribution of the data was checked by
using the Kolmogrov-Smirnov test. The independent sample t-test
was used to compare the mean differences between the test and
the control samples. The data were represented as mean + S.D.
and a p value of < 0.05 was considered as statistically significant.

RESULTS

The recovery rate of the total count, total motility, and the sperm
with a normal morphology were significantly higher on using the
density-gradient centrifugation as compared to that which was
obtained on using the swim-up preparation [Table/Fig-2] and [Table/
Fig-3]. The means of the sperm concentrations in the density-
gradient centrifugation method were significantly higher than those
in the swim-up method (47.3+13.9 million vs. 50.6+31.1 million).
The total sperm motility in the density-gradient centrifugation
method was also significantly higher as compared to that in the
swim-up method (75+15.1% vs. 52.3+10.2%). The normal sperm
morphology in the density-gradient centrifugation method was also
significantly higher as compared to that in the swim-up method
(28+13.11% vs. 11.4 £8.4%). The mean of the comet index in the
sperms after the density-gradient centrifugation was significantly
lower than that in the swim-up method (23.51+7.59 vs. 32.33+12,
p< 0.001).

commet index
N
b

Swim up Pur sperm

groups

[Table/Fig-2]: Comparsion of comet index after density-gradient centrifu-

gation and swim-up methods. P< 0.05 was considered significant .
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Swim-up Pur Sperm P value
Concentration (x109/ml | 50.3 + 10.2 74.3+ 13.9 <.0003
Total motility (%) 523+ 10.2 | 755+ 15.1 <.0001
Normal morphology (%) 14 +£8.4 28 £ 13.11 <.0001
Comet index 32.33+12 | 23.51 +6.83 <.0001

[Table/Fig-3]: Comparsion of Sperm parameters and comet index after
density-gradient centrifugation and swim-up methods.

Note: Values are mean + SD, P< 0.05 was considered significant.

DISCUSSION

In the present study, the comet assay data showed that the
mean percentage of the DNA fragmented sperms in the swim-
up—processed samples was significantly higher than that in the
gradient-density—processed samples. Our results were inconsistent
with the findings of Jayaraman and colleagues (2012) [19]. Their
results showed no significant differences in the rates of the
apoptotic sperm, which were indicated by the Tunnel technique,
which were recovered by the density-gradient and the swim-up
processing methods. This inconsistency may be have been due
to the different technique (comet assay) which was used for
investigating the DNA fragmentation in our study. According to our
results, the lower percentage of the DNA fragmentation which was
found in the density-gradient fractions, suggested that this method
allowed the removal of most of the sperms with fragmented DNA.
The use of sperms with DNA fragmentation during ART may be one
of the causes for the suboptimal results. The negative association
between the sperm DNA fragmentation and the fertilization rate
has been documented in clinical and experimental studies [16,19].
The sperm DNA fragmentation seems to have a negative impact on
the sperm oocyte penetration. Therefore, the selection of sperms
with normal DNA should be one of the prerequisites for achieving
optimal conception rates after ART [19] and to obtain this goal, the
sperm processing method is important. In the present study, we
compared the two routine sperm separation methods .The lower
percentage of the apoptotic sperm which was found in the density-
gradient fractions suggested that this method allowed the removal
of most of the apoptotic sperm. So, it can be hypothesized that in
comparison to the swim up method, the density-gradient method
induces less DNA fragmentation. Therefore, the risk of selecting
the DNA fragmented sperm during the clinical ART seems to be
low. In agreement with our results, a meta analysis [1] showed that
the density-gradient technique seemed to result in a higher sperm
concentration and in a higher progressive motile sperm recovery
rate than the swim-up technique.

In conclusion, the sperms which are obtained through density
gradient centrifugation provide spermatozoa with a higher quality
in terms of the motility, viability and low DNA fragmented as
compared to those which are obtained by the other conventional
sperm preparation methods.
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