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Abstract: This study investigated the efficiency of two sperm preparation
methods, namely, density gradient centrifugation and the swim-up method,
in selecting spermatozoa based on the DNA fragmentation index and the
apoptosis levels. Fifteen semen samples from infertile couples underwent
sperm preparation in this study. The Makler® counting chamber and Eosin
Y staining were used to analyse the sperm concentration, motility and
viability. The sperm chromatin dispersion assay was used to determine the
sperm DNA fragmentation index, while western blotting was used to
determine the apoptosis levels. This study showed that Swim Up (SU) and
Density Gradient Centrifugation (DGC) methods were able to select sperm
with lower DFIs compared to sperm from whole semen. The SU method
selected for sperm in both the “moderate” and “severe” DFI categories that
have low DFIs better than the DGC method. Western blotting for the
expression of caspase 3 in sperm showed a band of ∼35 kDa and this band’s
intensity was lower in post-SU sperm compared to post-DGC sperm. Both
methods selected for sperm with low caspase 3 expression, although the SU
method selected for sperm with low activity of caspase 3 better than the
DGC method. In addition to selecting for sperm with better progressive
motility and viability, the SU and DGC methods also selected for sperm
with low sperm DFIs and apoptosis levels.
Keywords: Swim-Up, Density Gradient Centrifugation, Sperm Dna
Fragmentation, Apoptosis

Introduction
Intrauterine Insemination (IUI), an Assisted
Reproductive Technique (ART), is a method for
increasing the number of sperm that reach the fallopian
tubes in order to increase the chances of fertilization.
However, according to the American Pregnancy
Association, the average success rate for IUI ranges from
10-20%. Several prognostic factors for the success of IUI
has been investigated, such as the woman's age,
endometrial thickness, the number of follicles mature at
the time of ovulation, the time and the frequency in
which the insemination was performed, the percentage of
sperm with abnormal morphology, the type and the
percentage motility of sperm and the total number of
sperm inseminated. However, there are couples who did
not achieve any pregnancy even after several IUI

attempts, despite no obvious abnormalities in both the
men and the women (Muriel et al., 2006).
Studies have shown correlations between increased
rates of miscarriage, pregnancy and ART failure with
DNA fragmentation or low DNA integrity in sperm
(Singh and Agarwal, 2011). Men with normal
spermiogram examination results could be infertile and
the problem may be associated with abnormalities in the
sperm DNA (Jackson et al., 2010; Agarwal and
Allamaneni, 2005; Shamsi et al., 2008). The incomplete
formation and abnormal packaging of sperm chromatin
during protamination can result in endogenous nicks on
the DNA, which is characteristic of apoptosis and lead
to the elimination of the defective germinal cells
(Agarwal and Allamaneni, 2005). Therefore, sperm
with normal DNA is required for fertilization and
embryonic and fetal development.
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37°C. After incubation, the tube was fixed vertically and
the upper phase was then gently aspirated with a Pasteur
pipette (Falcon, New York, USA). An aliquot of the
upper phase was further analysed for sperm quality.

To increase the chances of pregnancy after IUI,
ovulation can be synchronized either naturally or by
stimulation with drugs and the sperm is prepared
(washed) before injection into the uterus (Duran et al.,
2002). Sperm preparation is performed to increase the
fertilization capacity of the sperm (Chiamchanya et al.,
2010). There are various methods of sperm preparation.
However, two methods of preparation are currently the
most frequently performed, namely the Swim-Up (SU)
method and the Density-Gradient Centrifugation (DGC)
method. Studies have investigated which of the two
sperm preparation methods could select for better sperm
quality, sperm concentration and motility.
Controversies regarding the advantages and
disadvantages of the SU and the DGC methods have been
reported by many studies. This study aimed to re-evaluate
the efficiency of these methods in selecting for sperm
before being used for IUI and based the evaluation on the
sperm DNA fragmentation index and apoptosis level. This
investigation included the measurement of the sperm
DNA Fragmentation Index (DFI) by Sperm Chromatin
Dispersion (SCD) assay and a confirmation test using
caspase 3 activity detection by western blot analysis.

Density-Gradient Centrifugation
A two-layer gradient was prepared with 2 mL each of
80 and 40% ready-to-use gradient media (Sil Select Plus,
FertiPro NV, Belgium) in 15 mL Falcon tubes. Using a
sterile pipette, 1 mL of a liquefied semen sample was
placed on top of the upper gradient phase and centrifuged
at 300×g for 20 min. Next, the supernatant was discarded
and the pellet was suspended in 1 mL rinse medium and
centrifuged again at 500×g for 10 min. The pellet was
resuspended in 0.5 mL rinse medium. An aliquot of the
resuspension was further analysed for sperm quality.

SCD Assay
The sperm was evaluated using the Spermfunc® DNAf
kit (BRED Life Science Technology Inc., China). A
microtube containing 0.1% low melting agarose was
placed in a water bath set between 90-100°C for 5 min to
melt the agarose. Once melted, the agarose was then
transferred into a second water bath set at 37°C for 5 min.
Twenty-five microliters of the semen sample were added to
the agarose and stirred until mixed. Twenty-five microliters
of the sperm cell suspension in the agarose was then put
into a 0.65% agarose-coated slide and covered with a 20×20
mm cover-slip. The slide was then refrigerated in a
horizontal position at 4°C and the suspension was allowed
to solidify for 5 min. After the suspension had solidified,
the coverslip was gently removed and the slide was
incubated in a horizontal position with a denaturation
solution containing 0.08 N HCl at 22°C for 7 min. The
remaining denaturation solution was removed. The slide
was then incubated with a lysis solution for 25 min at
room temperature. The slide was then washed with ddH2O
for 5 min. A progressive dehydration series was
performed by incubating the slide in increasing
concentrations of ethanol (70, 90 and 100%) for 2 min
each. The slide was then air-dried and stained with Wright
staining solution for 25 min. The slide was then rinsed
flowing water and dried. The staining intensity was
observed under a light microscope. A total number of five
hundred sperm cells per slide were classified according to
the standard criteria for SCD assays for unfragmented
DNA (big and medium halo) and fragmented DNA (small,
no halo and degraded sperm cell) (Fernandez et al., 2005).
The experiment was performed at least two times for each
sample by one observer and the set of experiments were
completed by at least two observers.

Materials and Methods
Semen Collection and Analysis
Semen samples were obtained from 15 men from
infertile couples (normozoospermia) who underwent IUI.
All subjects were Asian and partners of women who
failed to conceive after 24 months of unprotected
intercourse. The study was approved by the institutional
ethical committee. Routine semen analysis was
performed according to World Health Organization
(WHO) guidelines (WHO, 2010). From each ejaculate,
two aliquots were taken for SU and DGC preparation
and another aliquot was taken for the SCD and the
Western blot assay. The DFI samples were obtained as
follow: in whole semen, there were 7 samples per each
category, whereas in post-SU, there were 10 samples of
good category, 4 samples of moderate category and 7
samples of severe category and in post-DGC, there were
8 samples of good category, 6 samples of moderate
category and 7 samples of severe category.

Swim-Up
An aliquot of 0.5 mL whole semen was washed with
2 mL medium (Sperm preparation medium, Origio,
Denmark) in a 15 mL Nunc conical tube (Thermo
Scientific Nunc, New York, USA) and then centrifuged
(Thermo Scientific Centrifuge, New York, USA) at
300×g for 10 min. The supernatant was discarded and
the pellet was recovered and transferred to a tube
containing 1 mL of sperm preparation medium. The tube
was fixed at an angle of 45° and incubated for 45 min at

Western Blot Analysis
The total protein from sperm was extracted by
solubilizing the sperms in Sodium Dodecyl Sulfate
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(SDS) buffer containing 10% SDS, 10% sucrose, 0.375
M Tris HCl (pH 6.8) and a protease inhibitor cocktail
supplement (Roche, Manneheim, Germany) for five min
at 100°C. Soluble protein was obtained by centrifugation
at 9000×g for 10 min. Fifteen micrograms of protein
were then separated by 10% SDS-PAGE and transferred
to a Hybond-P PVDF membrane (Amersham,
Bucinghamshire, UK) (Canale et al., 1994; Bjorndahl et al.,
2005). The membranes were blocked using 5% Bovine
Serum Albumin in 1× TBST (10 mM Tris/HCl 7.6, 150
mM NaCl, 0.05% Tween 20) for 1 h at room
temperature. The membranes were then incubated
overnight at 4°C with caspase 3 rabbit polyclonal
antibody (Cell Signaling Technology, Massachusetts,
USA) used with a 1:1000 dilution. The antibody
recognizes a protein with MW = 35 kDa. The
membranes were washed with 1× TBST three times for
5 min each and then incubated with a Horse-Radish
Peroxidase
(HRP)-conjugated
goat
anti-rabbit
secondary antibody (Santa Cruz Biotechnology, Ltd.,
Texas, USA) used with a 1:1000 dilution for two hours
at room temperature. The membranes were washed
again with 1× TBST three times for 5 min each and
HRP was detected using a Western blot
chemiluminescence detection system (Amersham,
Bucinghamshire, UK). The antigen-antibody reaction
was detected using a Luminescent Image Analyzer
(Imagequant™ LAS 4000, GE Healthcare Life
Sciences, Sweden). The intensity of the caspase 3 band
was measured with ImageJ (NIH).

Sperm DNA Fragmentation in Sperm from Whole
Semen and Prepared Sperm
Twenty one samples were used in the examination of
sperm DNA fragmentation using the SCD assay. In the
SCD assay, prepared semen samples predominantly
contained sperm with large and medium halos (Fig. 1B
and 1C), whereas whole semen samples were dominated
by sperm that were classified as small, no halos and
degraded (Fig. 1A).

Statistical Analysis
Comparisons between the sperm parameter and
DFI of sperm from whole semen and prepared sperm
(post-SU or post-DGC), were performed using the
Mann-Whitney test. The Mann-Whitney test was used
too to compare the intensities of the caspase 3 bands
in sperm from post-SU and post-DGC. The level of
significance was set at p<0.05. Data were analyzed
using SPSS (16th version).

Results
Sperm Parameters in Whole Semen and Prepared
Sperm
The percentage of progressive motile sperm was
significantly higher in prepared sperm (p = 0.013 at
post-DGC and p = 0.001 at post-SU) than in sperm
from whole semen, while the number of progressive,
motile sperm was higher in post-SU sperm than in
post-DGC sperm. The percentage of viable sperm was
also higher in post-DGC and post-SU samples than in
whole semen, even though the results were not
statistically significant (Table 1).

Fig. 1. The results of the sperm DNA chromatin (SCD) assay.
(A) The result of the SCD assay in whole semen samples;
(a) indicates a sperm with a large halo; (b) indicates a
sperm with a medium halo; (c) indicates a sperm with a
small halo; (d) indicates a sperm with no halo and (e)
indicates a degraded sperm cell. (B) The result of the
SCD assay in post-DGC samples. (C) The result of the
SCD assay in post-SU samples. Both (B) and (C) showed
more sperm with large and medium halos
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Silvia W. Lestari et al. / OnLine Journal of Biological Sciences 2016, 16 (4): 152.158
DOI: 10.3844/ojbsci.2016.152.158

Fig. 2. The sperm DNA fragmentation index (DFI) of human sperm in whole semen and prepared semen. In the “good” category
(black), the average DFIs of post-DGC and post-SU sperm were higher than the DFI of sperm from whole semen. In the
“moderate” (dark grey) and “severe” categories (light grey), the average DFI of sperm of post-DGC and post-SU were lower
than the DFIs of sperm whole semen

Fig. 3. Western blot analysis to detect caspase 3 expression in sperm from whole semen and prepared sperm. The result showed that
the intensities of (A) the ∼35 kDa band (B) were lower in post-SU compared to that of sperm from post-DGC. Tubulin was
used as a housekeeping protein
Table 1. Conventional sperm parameters in whole and prepared sperm
Whole semen
Post DGC
Post US
p-value
Percentage of motile sperm (%)
44.5±5.5
65.33±4.2
74.0±4.0
0.013a;0.001b
Viable sperm (%)
63.2±4.04
73.0±5.0
73.17±5.05
0.160a;0.164b
Note: Values are mean ± SE; ‘a’ is the p value from the comparison of sperm from whole semen and post-DGC semen; ‘b’ is the p
value from the comparison of sperm from whole semen and post-SU semen
155
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progressive motile sperm was higher post-SU than postDGC. The percentage of viable sperm was also higher in
post-DGC and post-SU samples than in whole semen.
However, it does not mean that the SU method is better
than the DGC method because even the quality of the
samples were the same (normozoospermia which has
percentage of motile sperms >32%), but those samples
have different percentage of motile sperms. The choice
of the best technique for sperm preparation depends on
the quality of the sample (Canale et al., 1994). If we
have normozoospermia semen sample (i.e., normal
concentration, motility and morphology), then we prefer
the SU method. On the other hand, we prefer the DGC
method
for
low
quality
semen
samples
(oligozoospermia, asthenozoospermia, teratozoospermia
or combination). In addition, the SU method produces a
higher level of non-sperm components (e.g., debris,
bacteria) compared to the DGC method (Bjorndahl et al.,
2005). Our study compared, for the first time, the sperm
DNA fragmentation indices and the apoptotis levels of
sperm prepared by the SU and the DGC methods. In
addition to the routine semen parameters, this study also
compared the DFIs of sperm prepared by either the SU or
the DGC method to the DFIs of sperm from whole semen.
The result showed that prepared sperm (either post-SU
and post-DGC) had lower DFIs compared to sperm from
whole semen. This study supports the finding by
Jayaraman et al. (2012) that there was an elevation in
DNA damage during the preparation of sperm. It assumed
that the preparation methods during the sperm selection
process affected the level of DNA integrity.
In the “moderate” and “severe” DFI category, the
DFI of post-DGC sperm was higher than that of post-SU
sperm. It means that the decrease in the DFI of post-SU
sperm was greater compared to that of post-DGC sperm.
Incubation at room temperature or 37°C after sperm
isolation using the DGC method can reduce DNA
fragmentation. In addition, repeated centrifugation during
sperm preparation can induce iatrogenic DNA damage.
This study supports the findings by Lampiao et al. (2010)
that centrifugation for 10 and 30 min damaged both the
motility and the viability of sperm and that 30 min
centrifugation was more damaging than 10 min.
According to Marchesi et al. (2010) both the DGC and
the SU methods can improve sperm DNA integrity, but
the SU method improved the quality of DNA more than
the DGC method. Xue et al. (2014) also stated that the
SU method selected for sperm with reduced DNA
fragmentation and vacuolization core better than the
DGC method. In addition, this study also supports the
finding by Jayaraman et al. (2012) that post-SU sperm
obtained higher DNA integrity than post-DGC sperm. In
addition, this study supports the findings by (Irvine et al.,
2000; Zini and Sigman, 2009) that the two sperm
preparation methods showed differences in the

The DFI indicates the percentage of sperm with
fragmented DNA in the sample. According to
Mathwig et al. (2010) the DFIs can be classified into the
following categories: (1) good (DFI 0-15%), (2)
moderate (DFI >15-<30%) and (3) severe (DFI >30%)
(Mathwig et al., 2010). In this study, sperm that can be
classified into the “good”, “moderate” and “severe” DFI
categories were observed. The result indicated that
sperm from whole semen classified into the “good”
category (black) had an average DFI of 9.42±0.56%,
whereas sperm from whole semen classified into the
“moderate” category (dark grey) had an average DFI of
29.67±3.18% and sperm from whole semen classified
into the “severe” (light grey) had an average DFI of
43.65±2.16%. Meanwhile, post-DGC sperm classified
into the “good” category had an average DFI of
11.92±1.24%, whereas post-DGC sperm classified into
the “moderate” category had an average DFI of
26.67±2.91% and sperm from post-DGC classified into
the “severe” category (light grey) had an average DFI of
41.45±2.81% (Fig. 2). In addition, post-SU sperm
classified into the “good” category had an average DFI of
11.5±1.11%, whereas post-SU sperm classified into the
“moderate” category had an average DFI of 24.67±5.69%
and post-SU sperm classified into the “severe” category
had an average DFI of 38.02±2.66%. These results
suggest that both post-DGC and post-SU sperm in the
“moderate” and “severe” categories showed a lower DFI
compared to whole semen (p<0.513 and p<0.116), while
post-DGC and post-SU sperm in the “good” category
showed DFIs similar to that of sperm from whole semen
(p<0.599), both were not statistically significant.

Caspase 3 Expression in Sperm from Prepared
Sperm
Western blot analysis was performed to determine
the expression of the caspase 3 protein in sperm. The
result showed bands with molecular weights of ∼35
kDa in all samples (Fig. 3A). A strong and bold band
corresponding to caspase 3 expression was detected in
both post-SU and post-DGC sperm, but post-SU sperm
showed a smeared and weaker band (Fig. 3A). The
result showed that the band intensities were lower in
post-SU (p<0.712) compared to that of sperm from
post-DGC sperm (p<0.712) (Fig. 3B), both were not
statistically significant.

Discussion
The selection process for the most efficient sperm is
highly important for reproductive clinical practice. The
efficiency of the sperm is measured as the percentage of
motile sperm (WHO, 2010). This study showed that the
percentage of motile sperm was significantly higher in
prepared sperm (post-DGC and post-SU) than in sperm
from whole semen and that the concentration of
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both the “moderate” and “severe” DFI categories that
have low DFIs better than the DGC method.
Furthermore, both methods selected for sperm with low
caspase 3 expression, although the SU method selected
for sperm with low activity of caspase 3 better than the
DGC method. In conclusion, the SU and the DGC
methods can select for sperm with low DFIs, which can
be confirmed by the low expression of caspase 3.

production of Reactive Oxygen Species (ROS) and
sperm DNA damage.
Another finding of this study was the changes in
caspase 3 expression, which represented the levels of
apoptosis. In previous studies, caspase 3 expression was
detected on the neck of the sperm and it was related to
low sperm motility or decreased concentration, motility
and abnormal morphology of the sperm (Almeida et al.,
2005). However, it is not yet known whether ejaculated
sperm are still able to initiate the apoptosis cascade or a
marker of apoptosis in the sperm indicates a process of
abortive apoptosis which was initiated before
ejaculation (Lachnaud et al., 2004). In sperm, the
activation of caspases is a sign of immaturity and is
visible mostly in cases of male infertility. In addition,
caspase activity in mature sperm can be observed after
the induction of apoptosis in subphysiological
conditions, such as during the cryopreservation process
and thawing (Grunewald et al., 2009). Consequently, it
can be presumed that post-ejaculation sperm has a poor
ability to initiate apoptosis pathways and deaths
primarily occur due to necrosis.
According to Grunewald et al. (2009) the analysis of
caspase
3
activity
in
infertile
men
with
oligoasthenoteratozoospermia and teratozoospermia
indicated an increase in protease activity compared with
the fertile men. This study supports the finding by
Almeida et al. (2005) that there was a relationship
between the expression of caspase 3 in sperm and
decreases in both the morphology and the progressive
motility of normal sperm. In some studies on sperm
preparation, it was shown that the DGC method reduced
the number of sperm that expressed caspase 3 in both
fertile and infertile men. This reduction is related to the
loss of immature sperm that have high caspase 3
expression. On the other hand, the SU method produced
sperm with low caspase 3 expression in infertile men.
This study showed that the intensity of the caspase 3
band in SU method was lower compared to the DGC
method. Therefore, the low of caspase 3 expression in
SU method was in line with the DFI level in post SU. In
addition, the low expression of caspase 3 was in line
with the percentage of motile sperms and the low of DFI
after sperm preparation. These results correspond with
the findings of (Grunewald et al., 2009).
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