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Abstract
Purpose The aim of this study was to investigate the most
suitable sperm preparation technique to apply in order to ob-
tain a spermatozoon population with minimal DNA damage
during in vitro fertilization procedures. We compared four
preparation techniques: direct swim-up (DSU), pellet swim-
up (PSU), density gradient (DG), and density gradient follow-
ed by swim-up (DG-SU), evaluating the effects of each tech-
nique on the DNA damage rate, evaluated by DNA fragmen-
tation index of the spermatozoa obtained.
Methods In this observational study, 98 semen samples from
couples undergoing IVF/ICSI cycles were included. Data
were collected between April and November 2014 at the
ANDROS Day Surgery Clinic, Palermo, Italy.
Result(s) The percentages of DNA fragmentation were 18.30
± 10.8 in raw samples, 6.6 ± 5.7 after DSU, 4.2 ± 3.8 after
PSU, 12.9±9.9 after DG, and 3.7±4.0 after DG-SU respec-
tively. Compared to the raw evaluation, all the preparation
techniques significantly decreased the total rate of the DNA
fragmentation (DSU Z=−8.60, P< 0.008; PSU Z=−8.54,
P<0.008; DG Z=−6.42, P<0.008, and DG-SU Z=−8.60,
P<0.008, respectively). Comparing them, spermatozoa with
intact DNA after PSU and DG-SU were significantly higher

than after DSU (Z=−7.12, P<0.008; Z=−6.59, P<0.008,
respectively) and after DG (Z=−8.41, P<0.008; Z=−8.60,
P<0.008, respectively). The difference between PSU and
DG-SU was not significant (Z=−2.21, P=0.03).
Conclusion(s) There are, above all, two techniques of sperm
preparation which allow for the recovery of spermatozoa with
the lowest DNA fragmentation rate. Furthermore, given low
costs and reduced time, we believe that PSU is the best option
in the treatment of semen samples during IVF/ICSI.
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Introduction

Assisted reproductive technologies (ART) involve a variety of
procedures for separating spermatozoa from seminal plasma
in order to select the most viable gametes capable of fertilizing
the eggs. The main aim of these techniques has long been to
gain a population of motile spermatozoa with suitable mor-
phology, although these parameters are insufficient to evaluate
the viability of a spermatozoon. The processes, such as mem-
brane modifications (which the spermatozoa undergo on en-
tering the female genital tract) can be partially reproduced in
an ART laboratory, and consist of separation and migration
techniques. The most common sperm-processing protocols
used in routine ART laboratories are those of swim-up and
density gradient centrifugation.

According to the WHO laboratory manual for the exami-
nation and processing of human semen [1], the swim-up meth-
od is useful in selecting motile spermatozoa as it is based on
the ability of sperm to swim into the culture medium. This
method may be performed by layering the culture medium
directly over the semen, or layering the culture medium over
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the pellet, which is obtained after the centrifugation of the
sample. Density gradient centrifugation, which can be per-
formed alone or in combination with the swim-up technique,
separates the various cell types, thereby providing a selection
of spermatozoa with suitable morphology.

Despite the widespread use of these techniques, there exists
no consensus, nor are there any guidelines regarding their use,
and to date, it has not been established which techniques are
more suitable, also considering costs and execution time
[2–4]. The limitations of conventional sperm preparation tech-
niques are due to the inability to investigate the functional
competence and the genome (nuclear) integrity of the sperm.

Several studies have shown that sperm DNA fragmenta-
tion, involving the presence of single- or double-strand
DNA damage, is negatively correlated with ART outcomes.
Specifically, this damage concerns failed fertilization, im-
paired embryo development, and an increased risk of pregnan-
cy loss after IUI, IVF, and ICSI [5–12].

Current methods used to establish the degree of sperm
DNA fragmentation may be used only as diagnostic tools,
meaning that the cells analyzed in the assays cannot be used
for in vitro fertilization [13]. Taking this evidence as our
starting point, we posited the question as to whether there
was a way to distinguish among four preparation techniques:
direct swim-up (DSU), pellet swim-up (PSU), density gradi-
ent (DG), and density gradient followed by swim-up (DG-
SU), also evaluating the effects of each technique on the
DNA damage rate of the sperm population obtained.
Although all these techniques reduce the presence of damaged
spermatozoa [14], we decided to identify which technique
might have the greatest capacity to recruit an amount of sper-
matozoa with a lower DNA fragmentation index (DFI).

Thus, the ultimate goal of our research was to isolate a com-
mon criterion in selecting the most eligible sperm preparation
technique prior to in vitro fertilization. Accordingly, the aim of
this study was to compare the effects of the most commonly
used sperm preparation methods in selecting spermatozoa by
evaluating DNA fragmentation.

Materials and Methods

Patient inclusion criteria

Semen samples were obtained from patients undergoing IVF/
ICSI cycles at the Andros Clinic, Reproductive Medicine
Unit, Palermo, Italy, in a period between April and
November 2014. Only samples with a sperm concentration
≥10×106, progressive motility ≥5 %, total motility ≥35 %,
and a volume ≥2 ml were included in the study. All samples
were obtained by masturbation. According to the required
statistical sample size, a total of 98 semen samples were in-
cluded in the study.

Sperm preparation

After production, each semen sample was placed in an incu-
bator at 37 °C to liquefy for a maximum period of 1 h. On
completion, or within 1 h from production if liquefaction was
incomplete, an initial evaluation of semen parameters was
performed. A 50-μl sample was drawn in order to ascertain
the basal level of DNA fragmentation, and the remaining sam-
ple was split into four aliquots and each of them was prepared
as follows.

With regard to the direct swim-up technique (DSU), 1 ml of
culture medium (Sperm Preparation Medium, Origio,
Denmark) was gently stratified above the semen. The tube
was inclined at an angle of 45° and incubated for 1 h (37 °C,
6 % CO2). A supernatant was then aspirated and transferred
into an empty tube. As regards the pellet swim-up technique
(PSU), the semen aliquot was diluted in a 1:2 ratio (1+1) with
the culture medium (Sperm Preparation Medium, Origio,
Denmark) and centrifuged for 10 min at 1500 rpm.
Thereafter, the supernatant was discarded and 1 ml of fresh
culture medium was layered above the pellet. Again, the tube
was incubated for 1 h (37 °C, 6 % CO2) and the supernatant
was aspirated and transferred into an empty tube.

With regard to the density gradient technique (DG), the
semen sample was gently stratified above the discontinuous
density gradients (55 and 80 %, SupraSperm 100, Origio,
Denmark) and centrifuged for 20 min at 1500 rpm.
Thereafter, the 80 % fraction was aspirated and put into an
empty sterile conical tube; at least 3 ml of the culture medium
(Sperm Preparation Medium, Origio, Denmark) was added
and the tube was centrifuged for 10 min at 1500 rpm. The
pellet was then resuspended in 0.5 ml of the same fresh culture
medium.

The final technique of sperm preparation (DG-SU) in-
volved the pellet being covered with 1 ml of the
abovementioned culture medium, after treatment with the den-
sity gradient, to allow the spermatozoa to migrate. The super-
natant was then aspirated and transferred into an empty 2-ml
Eppendorf tube.

Clinical use

Spermatozoa obtained from one of the aforementioned tech-
niques were used for the insemination of the oocytes, follow-
ing the empirical criteria usually utilized, irrespective of the
results of the DNA fragmentation.

Sperm chromatin dispersion test

In order to assess the degree of spermDNA fragmentation, the
sperm chromatin dispersion (SCD) test (Halosperm® G2 kit,
Halotech DNA, S.L., Spain) [15] was utilized. We chose this
commercial kit for the following reasons: the test was easy to
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set up and it did not require access to expensive equipment,
which would have been unavailable in the routine laboratory
where the study was carried out; this test also bears the CE
marking. Moreover, it has been demonstrated that the sperm
chromatin dispersion test is an effective tool for assessing
sperm DNA fragmentation when compared with other tests
[11, 16, 17]. The SCD test and TUNEL assay have the capac-
ity to give similar results in terms of DNA fragmentation, and
it has been demonstrated that the SCD test is even more sen-
sitive than the TUNEL assay [18].

Aliquots of 50 μl of semen were gently and rapidly mixed
in 100 μl of agarose gel (1 %; low melting point), which had
previously been melted in a water bath for 5 min. Thereafter, a
drop of 8 μl of each semen-agarose solution was placed onto
pre-coated slides and covered with a coverslip. The slides
were then refrigerated at 4 °C on a cold surface and left to
gel for 5 min. Each coverslip was subsequently removed by
gently sliding it off and the slides being incubated with an acid
denaturation solution; the latter was used to denature DNA-
containing breaks, for 7 min at room temperature.
Immediately afterwards, the slides were incubated in a lysis
solution for 20 min at room temperature in order to eliminate
membranes and proteins. The lysis solution was then washed
off with filtered water (Elix ® 5, Millipore) using a disposable
pipette for 5 min. After washing, the slides were incubated
with 70 % ethanol (2 min), followed by 90 % ethanol
(2 min) and left to dry at room temperature. The slides were
then stained and left to dry for microscope observation under
bright field using a ×40 objective lens. A total of 490 tests
were performed (5 tests for each of the 98 semen samples).

Spermatozoa with large- or medium-sized halos were clas-
sified as having intact DNA, whereas those with a small halo,
without a halo and degraded ones, were classified as sperma-
tozoa with DNA fragmentation (see Fig. 1). Only sperm cells
with intact tails were classified in accordance with the halo
size. The DFI was calculated as follows: number of sperma-
tozoa with fragmented DNA divided by the number of sper-
matozoa analyzed 100×.

Statistical analysis and sample size calculation

A preliminary sample size calculation was conducted on a
data sample of 25 patients, who had been consecutively re-
cruited. The percentage of DNA fragmentation observed was
15.90±7.8 in a raw semen sample, and a comparison of tech-
niques revealed the largest difference as 9.60, between DG
and PSU (1.62 vs 11.22, respectively). Given that the aim of
the research was to find at least one significant difference
among the four techniques discussed in this study, and assum-
ing P significant at 0.008 with a statistical power of 0.80, the
sample size required for the main study was 98 subjects.

An assessment strategy for detecting normality violations
was conducted in accordance with the recommendations by

Tabachnick and Fidell [19]. Owing to the fact that data were
not distributed normally, nonparametric statistics were used,
namely the Mann-Whitney and Wilcoxon tests, in order to
compare differences between groups in DNA fragmentation.
The first test was a statistical test of the difference between the
distributions of data, as applied to unmatched groups of cases,
by comparing the distributions of the ranks of the scores. The
second is a statistical test verifying the relative size of the
scores of the same or matched subjects under two experimen-
tal conditions, by comparing the distributions for positive and
negative differences of the ranks of their absolute values.

The data were initially processed by a square root transfor-
mation in order to check for any potential effect of a nuisance
factor (subject variability); having achieved a normal distribu-
tion, the data were randomized and a complete block design
ANOVA was performed thereon. As the primary analysis of
the study required multiple comparisons, the Bonferroni cor-
rection was applied to protect against the threat of a type 1
error. The resulting P value required for these comparisons to
be considered statistically significant was P<0.008 (0.05/6).
The statistical analysis was performed with version 18 PASW
software.

Results

The descriptive statistics for the DNA fragmentation of sperm
percentages of the different groups are presented in Table 1.
Medians, means, and standard deviations are reported in
Table 1 as a general indicator of central tendency of data. The
resulting percentages of DNA fragmentation were 18.30±10.8
in raw semen samples, 6.6±5.7 after direct swim-up, 4.2±3.8
after pellet swim-up, 12.9 ± 9.9 after density gradient, and
3.7 ± 4.0 after density gradient followed by swim-up.
Compared with raw semen, the sperm DNA fragmentation rate
was significantly lower after swim-up (Z=−8.60, P<0.008),
pellet swim-up (Z = −8.54, P < 0.008), density gradient

Fig. 1 Spermatozoa after SCD test (magnification ×400). Blue arrows
indicate spermatozoa with DNA fragmentation (without any halo); white
arrows indicate spermatozoa with intact DNA (with halo)
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(Z=−6.42, P<0.008), and density gradient followed by swim-
up (Z=−8.60, P<0.008).

In pursuing the stated aim of this study, a comparison
among the four techniques was performed (Table 1): the re-
sults revealed that the percentage of DNA fragmentation in the
pellet swim-up and density gradient followed by swim-up
methods were significantly lower than in the swim-up method
(Z=−7.12, P<0.008, Z=−6.59, P<0.008 respectively) and
in the density gradient method (Z = −8.41, P < 0.008,
Z=−8.60, P<0.008, respectively). The difference between
pellet swim-up and density gradient followed by swim-up
was not significant (Z=−2.21, P=0.03), whereas the percent-
age of DNA fragmentation in direct swim-up was lower than
in density gradient (Z=−6.42, P<0.008).

These results were confirmed after checking for any poten-
tial effect from the nuisance factor (subject variability): re-
garding the fragmentation percentage, the four sperm prepa-
ration techniques remained significantly different to each oth-
er (F3,291 = 159.49; P<=0.001). Tukey’s post hoc analysis
confirmed the previously reported significant differences
among techniques (P<=0.008), in addition to the lack of
any significant differences between the two enhanced tech-
niques: pellet swim-up and density gradient followed by
swim-up (=0.230).

Discussion

The increasing demand for assisted reproductive technology
has led to necessary improvements in the procedures routinely
used in IVF labs worldwide. One of the most subjective areas
in the field of IVF work concerns the preparation of semen.
Several methods are available and widely used in this field,
but there is no consensus as to which method is more suitable

than another. Each of these methods, based on themigration or
separation of spermatozoa, is useful in selecting suitable mor-
phology and motility cells, but they are not capable of
selecting intact genome spermatozoa. To effect the latter, var-
ious techniques are available but none of these can be used
clinically, since the sperm analyzed is wasted for the test. In
combining the use of one of these tests, to investigate sperm
DNA integrity, and the use of all the available techniques of
sperm preparation, we attempted to ascertain which type of
preparation is more suitable, on the basis of the best recovery
of spermatozoa with DNA intact.

The suitability of one technique over another is irrefutable
as sperm quality negatively influences not only fertilization
outcomes, but also embryo development [20]. Moreover, it
has been demonstrated that alterations in the paternal genome,
such as high levels of fragmentation, may have negative ef-
fects on the cleavage speed and embryo morphology,
appearing to influence blastocyst formation and implantation
rates after IVF and ICSI cycles [21]. Several studies have been
carried out in order to identify whether DNA damage may be
considered a good predictor of ARToutcomes and how it may
influence pregnancy rates. In one of the largest ever reported
studies investigating the predictive value of a DNA fragmen-
tation assay in the determination of intrauterine insemination
(IUI), IVF, and ICSI, the DFI was identified as a new deter-
mining factor in ART outcome [22].

Despite the lack of clarity regarding associations between
sperm DNA fragmentation and conventional semen parame-
ters, several assays have been developed to assess DNA in-
tegrity and, simultaneously, to identify a significant correla-
tion between DNA damage and male infertility. In our study,
we decided to use the sperm chromatin dispersion (SCD) test,
an assay first described by Fernandez and colleagues in 2003
[23]. This test detects DNA fragmentation, using the principle

Table 1 Differences in DNA
fragmentation among the
different sperm preparation
techniques

DNA fragmentation DNA fragmentation (Differences vs basal) Wilcoxon Z

% mean (±SD) % median Fold change Wilcoxon Z

Basal 18.3 (±10.75) 15.95

DSU 6.57 (±5.66) 5.3 −2.8 −8.5961

PSU 4.17 (±3.81) 2.6 −4.4 −8.5961

DG 12.86 (±9.94) 10.6 −1.4 −6.4221

DG-SU 3.74 (±4.04) 2.62 −4.9 −8.5961

DSU vs PSU −7.1181

DSU vs DG −7.7561

DSU vs DG-SU −6.5581

PSU vs DG −8.4121

PSU vs DG-SU −2.2082

DG vs DG-SU −8.5961

DSU direct swim-up, PSU, pellet swim-up, DG density gradient, DG-SU density gradient followed by swim-up
1P< 0.008, 2P=N. S.
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that spermwith non-fragmented DNA produce a characteristic
halo of DNA dispersion after acid denaturation and removal of
nuclear proteins. The halo is formed due to relaxed DNA
loops still attached to nuclear structures. Despite assessment
of the DFI (obtained by using the SCD test) being based on the
observation of a few hundred sperm and it being a subjective
assessment, this test is a useful assay as it does not require
expensive equipment or expertise, and the results are available
in a relatively short period of time. In our case, the use of this
test enabled us to identify which sperm preparation technique
was capable of selecting the most intact DNA from the sper-
matozoa. A recent study states that the SCD test is even more
sensitive than another DNA fragmentation assay (TUNEL,
terminal deoxynucleotidyl transferased UTP nick end label-
ing) in evaluating sperm DNA damage [24].

Moreover, it seems that there might be a correlation be-
tween sperm DNA fragmentation and embryo morphology.
A study by Tandara and colleagues has shown that halos ob-
tained with the Halosperm represent a prognostic parameter of
good embryo quality. In their study, they found a significant
correlation between large halos, good morphology embryos,
scored on day three of development, and the achievement of a
pregnancy [25].

We decided to perform the study including only those sam-
ples with a minimum volume of 2 ml, a minimum sperm
concentration of 10 million/ml, and a minimum of total mo-
tility of 35%. These inclusion criteria were selected in order to
divide each sample into five different aliquots and to obtain a
minimum spermatozoon concentration with which to perform
the SCD test. Moreover, given that three out of four tech-
niques chosen included swim-up procedures, we excluded
sperm samples with total motility of less than 35 %. Out of a
total of 490 tests undertaken, we observed that all the sperm
preparation techniques were able to decrease the total sperm
population with DNA fragmentation, in accordance with the
findings of other authors [26]. Specifically, only two methods
out of the four used—the pellet swim-up and the density gra-
dient followed by swim-up—exhibited the best results. Mean
DFI values obtained after swim-up and density gradient
followed by swim-up were significantly lower than those ob-
served in direct swim-up and density gradient.

With regard to the result showing a lower DNA fragmen-
tation rate in direct swim-up compared with density gradient,
we assume that the sperm selection obtained by the latter
technique is only based on the cells’ molecular weight, which
means that the filter action of this procedure might not ensure
good selection in terms of fragmentation rate. It is possible
that in the direct swim-up, only spermatozoa with good mo-
tility and, perhaps, better DNA integrity are selected.

However, our results are inconsistent with the findings pre-
sented by Amiri and colleagues [26], which compared the
swim-up and density gradient preparations on samples of
men undergoing semen analysis. In their study, they found

that the DNA-fragmented spermatozoa in the samples pre-
pared with the swim-up method were more numerous than
in those processed with the density gradient. We might add
that our findings agreed with those of Ghaleno and colleagues
[27], which stated that mean DNA fragmentation in samples
processed by density gradient centrifugation was found to be
higher when compared to conventional swim-up.

Taking these data as a starting point, we believe that despite
the two techniques being equivalent in terms of good intact
DNA spermatozoa recovery, the density gradient in associa-
tion with the swim-up is a more expensive procedure, thereby
increasing execution time. On the contrary, the conventional
pellet swim-up method entails lower costs and is less time-
consuming, thereby representing the elective choice in IVF
laboratories. One limitation of our study was that we did not
correlate sperm DNA fragmentation with any IVF/ICSI
outcomes.

In conclusion, given the diminished financial outlay and
reduced time requirement, we believe that pellet swim-up is
the best option in the treatment of semen samples during IVF/
ICSI. As we did not correlate DNA fragmentation rates with
any outcomes, we suggest that these findings should be vali-
dated with further investigations mainly linked with IVF/ICSI
outcomes.
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