
Magnetic-activated cell sorting in combination 
with swim-up efficiency improve effectivity of 
spermatozoa separation

Abstract
Correct selection of spermatozoa before their using for an assisted reproductive techniques is one of the 
crucial step in therapy of human infertility. It was previously reported that male factor plays a major role in 
infertility. Basic semen analyses and standard methods for sperm selection in many cases does not elimina-
te sufficiently proportion of spermatozoa with genetics defects. Magnetic Activated Cell Sorting (MACS) is 
a selection method which reduce apoptotic sperm and improve sperm and embryo quality.  The aim of our 
study was the comparison of swim-up method and MACS and their combination. We tested swim-up and 
MACS alone and treatment of spermatozoa in combination when was is first swim-up and second MACS 
and vice versa. In this study we evaluated sperm concentration, motility and their DNA integrity before and 
after separtion methods. On the basis of our results we recommend to use swim-up before MACS method. 
This approach brings better results in the sperm selection – lower proportion of spermatozoa with frag-
mented DNA and also it brings better gain of total spermatozoa usable for next IVF or ICSI methods.  
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Introduction
Artificial fertilization techniques still do not 

reach the results as we wish, so there is still con-
siderable scope for research and development in 
this area. Sperm selection for assisted reproductive 
technics (ART) in male infertility, there is currently 
a trend to combine multiple methods to segregate 
inappropriate sperm based on multiple parame-
ters to increase the likelihood of successful fertili-
zation. How many methods are best combined, and 
whether a new MACS selection method really brings 
a better prognosis in terms of conception success, 
or from the point of view of the subsequent deve-
lopment of the fetus, has already been studied seve-
ral times. Spermatozoa selection is one of the most 
important step in IVF methods. The basic method 
of examining the quality of human sperm is the 
spermiogram. However, the limiting factor of the 
spermiogram is that the evaluation is to a certain 
extent subjective and depends on the experience of 
the embryologist. In addition, on the basis of sper-
miogram, about 30 % of male infertility can not be 
detected because not all sperm damages that have 
a negative effect on fertilization have a microsco-
pically clear morphological correlation [1,2]. Such 
damage can be, for example, fragmentation of DNA, 
which not only aggravates the possibility of fertili-
zation, but if the fertilization occurs, the subsequent 
development of the embryo can also be negatively 
affected. In addition, experiments on mice have 
shown that such offspring may have congenital 
problems later on [3]. Correct selection of non-da-
maged sperm DNA is one of the prerequisites for 
achieving successful fertilization and embryo de-
velopment in asssisted reproductive technologies. 
Data from the litarature suggest that the frequency 
of sperm cells with massive DNA fragmentation is 
a marker of sperm quality and also possible pre-
dictor of fertility [4]. Magnetic activated cell sorting 
(MACS) using paramagnetic Annexin V-conjugated 
microbeads has been proposed as a safe method to 
selct non-apoptotic and viable sperm. Altough many 
reports indicate that MACS is a beneficial technique 
to remove apoptotic spermatozoa and provides hi-
gher IVF outcomes compared to canonical sperm 
selection techniques [5,6], the possible beneficial 
effects of this technique in clinical application are 
still debatable. The meta-analyses reported that 
MACS has possitive effect on IVF outcomes by better 
pregnancy rate and lower miscarriage rate [7], but 
in IVF donation cycles MACS method does not im-
prove reproductive outcome [8]. 

The aim of our study was to compare the sperm 
of the conventional swim-up method with the new 
MACS method and also their mutual combinations 
to determine if MACS is really beneficial for ART 
and if so, how best to include it in the separation 
protocol.

Material and methods
Evaluation of sperm concentration and motility

The analyses of sperm concentration and motili-
ty was performed  both in raw and subgrouped se-
men samples according WHO manual [9]. Following 
liquefaction for 60 min a semen drop 5 µl was loa-
ded onto the application area of a Makler counting 
chamber (Medic ring containing the counting grids 
was applied, and a 0.1 mm2 smear was obtained  to 
evaluate the sperm concentration and motility. The 
concentration of the sample was determined by 
counting sperm heads in successive 10 squares. A 
mean was detected after counting three different 
10-square-in-rows. Motility was detected using the 
same chambre, counting at least 200 spermatozoa 
per sample and calculating the sum of motile sperm 
percentage. For all of these evaluations was used 
phase contrast microscope (Nikon, Germany) with 
20x magnification. 

Experimental design
For the study, a total of 11 patients were selected 

for different separation . Each semen sample was 
futher subgrouped as follows: 1) native:  native eja-
culate without separation 2) swim-up: only swim-
-up separation  3)  MACS: only MACS separation 4) 
MACS/swim-up: after MACS separation spermato-
zoa were separated by swim-up 5) swim-up/MACS: 
imediately after swim-up methods spermatozoa 
were selected by MACS.

Preparation of spermatozoa
Following the liquefaction of the semen sample, 

the total volume in each individual subject was equ-
ally divided into four mentioned subgroups.

1) Swim-up: Pipetted semen samples in a 15 ml 
conical centrifuge tube were twice 2 times washed 
in 2 ml Sperm Preparation Medium (Origio, Den-
mark) according manufactures instruction. After 
second washing spermatozoa were gently overlaye-
red  with 1 ml sperm medium (COOK, Ireland). The 
tube was inclined at an angle of about 45°, to incre-
ase to surface area of the semen-culture medium in-
terface, and then incubated for 40 min at 37°C. After 
gently returning the tube to upright position only 
100 µl from surface was collected for another ana-
lyses or appropriative spermatozoa concentartion 
(50 milions) was used for MACS separation.

2) MACS only: We did MACS procedure on the ba-
sic of  manufacture instruction. For this technique 
we used MACS® GMP Annexin V Kit (Miltenyi Bio-
tec, Germany). First step was incubation of sperma-
tozoa with Annexin V-conjugated microbeads for 15 
minutes in room temperature. Afterwards this sus-
pension was loaded in a separation column contai-
ning iron globes, which was fitted in a magnet (Mi-
niMACS; Milteniyi Biotec). The fraction composed of 
apoptotioc spermatozoa was retained in the sepa-
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ration column, and fraction with intact membranes 
was drained through the column and collected as 
non-apoptotic spermatozoa. 

3) MACS/swim-up: Spermatozoa from this group 
were after MACS technique selected second time by 
swim-up method. After finishing of MACS separati-
on spermatozoa were gently centrifuged and super-
natant were discarded. Finally spermatoza swim to 
layer of 200 µl sperm medium as described before.

4) Swim-up/MACS: After first separation of sper-
matozoa by swim-up were adequate number of sper-
matozoa (50 milions according instruction for MACS 
method)  incubated with Annexin V-conjugated mic-
robeads for 15 minutes. Next steps was the same as 
descibed before in MACS groupe.

After performing of these separation technique, 
spermatozoa were analysed by Halosperm method. 
This test is focused on nuclear DNA fragmentation.  

Halosperm
Sperm DNA fragmentation was assessed with the 

help of the improved sperm chromatin dispersion 
test, known as the Halosperm  G2 kit.  Briefly, the se-
men sample was diluted to 20 mil/ml in an appro-
priate sperm extender. Eppendorf tubes were placed 

in a water bath at 90–100 °C for 5 min in order the 
agarose to be fully melted. After 5 min of incubati-
on and since temperature is equilibrated at 37 °C, 
we transfer 50 µl of the diluted semen sample to the 
100 µl melted agarose tube and gently mixed with a 
pipette. Avoiding agarose solidification, we placed 
immediately 8 µl of the cell suspension onto the sam-
ple well (provided by the kit) and we cover with a co-
verslip. Slides were then placed on a glass plate in the 
refrigerator (4 °C) for 5 min in order the agarose to 
be solidified with the sperm cells embedded within. 
After taking out the slides of the fridge, the coverslips 
were gently removed and the slides were placed ho-
rizontally in an elevated position. Finally we applied 
denaturant agent on the surface and we incubated 
for 7 min. The slides afterwards were horizontally 
immersed in a lysis solution and incubated for 20 
min. After washing with abundant distilled water 
for 5 min, the slides were dehydrated in increasing 
concentrations of ethanol (70% and 100% for 2 min 
each) and then were air-dried. For using the bright-
field microscopy in this improved chromatin disper-
sion test, the slides were covered horizontally. Strong 
staining is preferred to visualise the periphery of the 
dispersed DNA loops halos. As provided by the ma-

FIGURE 1 Analyses of spermatozoa for DNA integrity. A) Representative image of spermatozoa after Halosperm test, F –
spermatozoa with fragmented DNA, N – normal spermatozoa, scale bar represents 10 µm. B) Comparison of spermatozoa 
with fragmented DNA (expressed as DFI – DNA Fragmentation Index) before (native) and after separation. Values with 
different superscripts are significantly different (A,B,C, P< 0.05)
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nufacturer spermatozoa with big and medium halo, 
while spermatozoa with small, without halo and de-
generated were considered to be without and with 
fragmentation, respectively (Fig. 1A). 

The DNA fragmentation index (DFI) were calcu-
lated by the form DFI (%) = Fragmented + Degene-
rated/Total cells counted. For the present study, a 
minimum of 500 spermatozoa per sample were sco-
red under the x100 objective of the microscope. To 
reduce the bias, two different technicians counted 
at least 250 spermatozoa each.

Statistical analysis
STATISTICA CZ, version 10 software (StatSoft, 

Inc., Prague, Czech Republic). Package was used to 
perform the statistical analysis. Data were expre-
ssed as mean ±standard error of the mean. Com-
parison of numeric variables between groups was 
performed using one-way analysis of variance. A P 
value 0.05 was considered statistically significant.

Ethical approval: 
The research related to human use has been com-

plied with all the relevant national regulations, in-

stitutional policies and in accordance the tenets of 
the Helsinki Declaration, and has been approved by 
the authors’ institutional review board or equiva-
lent commitee. Ethics Committee of University Ho-
spital Brno (Brno, Czech Republic) from 20.6.2016.

Results
Assessment of sperm concentration and motility

Compared to spermatozoa concentration in native 
sperm samples (average 81,4 mil/ml), sperm con-
centration significantly decreased in all other groups 
separation. Statisticaly significant decreasing was ob-
served in  swim-up (23,2 mil/ml), MACS (29,6 mil/
ml) swim-up/MACS (16,8 mil/ml) and also MACS/
swim-up (23,4 mil/ml). The application of presented 
methods does not bring significant changes in concen-
tration between all selection approaches (Fig. 2A). 

Total motility was significantly higher in all 
approaches were we used swim-up method (92,7 
%), swim-up/MACS (84,5 %) or MACS/swim-up 
(88,1 %) in compare with native ejaculate (52,7 %) 
and also MACS method alone (37,8 %) were detec-
ted significantly lower motility in compare to all 
other groups  (Fig. 2B).

FIGURE 2 Concentration (A) and motility (B) of spermatozoa before (native) and after separation. For spermatozoa se-
paration were used swim-up method, magnetic activated cell sorting methods (MACS) and their combination swim-up 
before MACS and vice versa. Values with different superscripts are significantly different (A,B,C, P< 0.05)
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Evaluation of sperm DNA fragmentation
The assessment of the sperm chromatin integrity 

was analysed by using Halosperm kit. No signifficant 
differnce was observed between native (DFI 30,52 
%), MACS selection (DFI 28,65 %) and combination 
first MACS and second swim-up method (DFI 22,7 
%). However, first swim-up and later MACS method 
significantly reduced proportion of spermatozoa with 
fragmented DNA (DFI 13,8 %) and also suprisingly 
swim-up alone also significantly decreased proporti-
on (DFI 18,2 %) of spermatozoa with fragmented DNA 
in compare to native sample (Fig. 1B). 

Indeed separation methods swim-up/MACS signi-
ficantly decrease ratio of spermatozoa with fragmen-
ted DNA not only in compare with native ejaculate 
but also in comparison with MACS method. 

Discussion
The present study evaluated the extent to which 

removing presumptive apoptotic sperm cells from 
samples of unselected males by means of MACS and 
combination with swim-up affects spermatozoa con-
centration, motility and DNA integrity.

There exist several studies compared the density 
gradient centrifugation (DGC) and MACS method, or 
a combination of these. Most of them concluded that, 
in particular, the mutual combinations of DGC and 
MACS are advantageous because the selected sperm 
have uncompromised higher viability and fewer 
apoptotic markers [6,10-14]. Using of MACS method 
significantly reduces total and progressive sperm 
number in compare to fresh samples [15]. It is not be 
considered as a problem for ICSI cycles, but it should 
be taken into account in the classical IVF or IUI. From 
our results about motility and concentration (Figure 
2) we conclude, in context of limited input concent-
ration (max 50 mil. spermatozoa), that MACS technic 
is not suitable for classical IVF and IUI. 

In this study we presented that DFI of pre-MACS 
samples were sifnificantly higher than that of the po-
st-MACS samples (Fig. 1). This results are consistent 
to older results articles [16]. We also observed that 
our results are similar to those of Tavalaee et al. [12] 
who also reported that for using of MACS is much 
better to make separation as the first step before 
using of MACS than after MACS. Using classic methods 
(swim-up or DGC) in combination with MACS is very 
suitable because MACS does not remove contamina-
ting seminal plasma cells, e.g., leukocytes [10,11]. 
Tavalaee et al., [12] suggested that MACS before DGC 
is more useful for clinical sperm selection than MACS 
after DGC. DGC and swim-up are very freguanted sys-
tems for spermatozoa preparation. We work primary 
with swim-up method because it was previously re-
ported that swim-up is, more gentle and significantly 
decreased proportion of fragmented spermatozoa in 
compare DGC [17]. The big advantage of MACS is its 
ability to remove  apoptotic spermatozoa from sam-
ple. Some authors, however, point to a reduction in 

the number of progressively motile and morphologi-
cally normal sperm when using MACS, either alone 
or in combination [12,15]. Ingestion of the swim-
-up method before using MACS is the most effective 
and brings the greatest benefit to the further use of 
sperm in the embryology lab. MACS has limitations 
regarding sperm concentration and volume for loa-
ding due to the small size and volume of the column. 
Therefore loading raw semen into the MACS column 
may reduce the filtering function of MACS and impede 
its ability to isolate motile non-apoptotic sperm, be-
cause dead/apoptotic sperm bind to the MACS column 
in competition with motile/non-apoptotic sperm.

Some studies have seen a higher level of fertiliza-
tion when using MACS [14,18] and other statistically 
significant differences do not confirm their use [19-
21]. For explanation of this controversial results is 
very important age and reproductive status donors 
of fertilized oocytes. It was reported that sperm DNA 
fragmentation affects the pregnancy rate negative-
ly and is caused by both male factor (DNA damage) 
and female factor (inability to repair DNA) [8]. Stu-
dies that tracked the number of pregnancies occu-
rred showed their higher frequency when the MACS 
method was included in the selection protocol [19-
21], but in case of donation cycles was not observed 
any positive effect [8].

Conclusions
Our study shows that it is appropriate to use 

swim-up separation before the MACS method. This 
approach is effective and can be advantageously used 
in the selection of sperm for assisted reproduction 
methods. Especially because it increases the propor-
tion of non-apoptotic sperm, although at the expen-
se of the overall reduction in the number of motile 
sperm.
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