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abStract

The objective of this study was to assess the effectiveness of the MACS technique used for the elimination of apoptotic rabbit 
spermatozoa from heterospermic pool (Experiment 1) as well as from the ejaculates of individual bucks (Experiment 2). The semen 
samples from control (untreated) and magnetically separated spermatozoa (in both E1 and E2) were evaluated by fluorescence 
analysis using Annexin-V-FLUOS Staining Kit (Roche Slovakia, Slovak Republic). Superparamagnetic microbeads conjugated 
with annexin V eliminated spermatozoa with externalized phosphatidylserine via MACS. MACS separation of spermatozoa yields 
two fractions: the annexin V-negative (AnV-) and the annexin V-positive (AnV+). The number of AnV+ sperm was significantly 
lower (P<0.001) in the AnV- fractions than in the AnV+ fractions (in both E1 and E2). Our observations indicate that MACS 
technique could be an adequate method for the elimination of apoptotic spermatozoa with externalized phosphatidylserine from the 
rabbit ejaculates. However, further experiments are required in order to prove this suggestion.
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IntroDuctIon

When artificial insemination (AI) is applied in a 
rabbitry, it is estimated that one single buck may affect 
the fertility and prolificacy of about one hundred does 
(Seleem, 2005). Thus, the bucks employed in AI must 
have good genetic characteristics and provide a good 
semen yield both in terms of quality and quantity (Panella 
and Castellini, 1990; Battaglini, 1992; Castellini and Dal 
Bosco, 1998). There are many factors influencing the 
quality and quantity of rabbit semen such as breed (Amin 
et al., 1987), male (Castellini, 1996), age (Gogol et al., 
2002), season (Bodnar et al., 2000), photoperiod (Theau-
Clement et al., 1995), nutrition (Fodor et al., 2003), 
collection rhythms (Nizza et al., 2003) and transgenesis 
(Chrenek et al., 2007).

Henkel et al. (2004) and Seli et al. (2004) 
observed that the presence of apoptotic spermatozoa 
during in vitro fertilization (IVF) can be one of the 

reasons for obtaining suboptimal fertility results. The 
phenotypic expression of apoptosis has been in relation 
to the presence of abnormal spermatozoa in semen. The 
failure to eliminate these abnormal spermatozoa during 
the spermatogenesis can lead to their presence in semen 
(Sakkas et al., 1999; Barroso et al., 2000; Sakkas et al., 
2002). Therefore, selection and elimination of apoptotic 
spermatozoa is one of the necessary requirements for 
achieving optimal assisted reproduction outcomes. 
For this purpose the MACS (magnetic-activated cell 
sorting) technique is used in human medicine (Said 
et al., 2006a).

Principle of the magnetic separation is difference 
in membrane characteristics of separated cells (Said 
et al., 2006b). The translocation of phospholipid 
phosphatidylserine (PS) is one of the earliest detectable 
features of cells undergoing the initial steps of apoptosis. 
PS has a high and selective affinity for annexin V (Van 
Heerde et al., 1995). Superparamagnetic microbeads 
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conjugated with annexin V eliminated spermatozoa 
with externalized phosphatidylserine via MACS (Meng 
et al., 1996). MACS separation of spermatozoa yields 
two fractions: the annexin V-negative (intact membranes, 
non-apoptotic) and the annexin V-positive (externalized 
PS, apoptotic) (Glander et al., 2002). The selection of 
non-apoptotic spermatozoa may improve sperm quality 
complementary to other separation techniques and assure 
optimal conception rates in human and animal assisted 
reproduction (Said et al., 2005; Vasicek et al., 2010, 
2011a).

The objective of this study was to assess the 
effectiveness of the MACS technique used for the 
elimination of apoptotic rabbit spermatozoa from 
heterospermic pool as well as from the ejaculates of 
individual bucks.

materIal  anD  methoDS

animals
Sexually mature (2 - 3 years old) and clinically 

health rabbit bucks (n = 11) of broiler New Zealand 
White (NZW) line reared in a partially air-conditioned 
hall of a local rabbit farm at APRC Nitra (Animal 
Production Research Centre, Lužianky, Slovak Republic) 
were used in the experiments. The animals were housed 
in individual cages, under a constant photoperiod of 
14 h of light day. Temperature and humidity in the 
building were recorded continuously by means of a 
thermograph positioned at the same level as the cages 
(average relative humidity and temperature during the 
year was maintained at 60 ± 5 % and 17 ± 3°C). The 
rabbits were fed ad libitum with a commercial diet (KV; 
TEKRO Nitra Ltd., Slovak Republic) and water was 
provided ad libitum with nipple drinkers.

The treatment of the animals was approved by 
the Ministry of Agriculture and Rural Development 
of the Slovak Republic, no. SK P 28004 and Ro 
1488/06-221/3a.

In this study the control (untreated) and 
magnetically separated spermatozoa from heterospermic 
pool (Experiment 1) as well as from the ejaculates 
of individual bucks (Experiment 2) were used for 
fluorescence analysis.

Semen collection and handling
Semen samples from 25 NZW bucks were 

collected using an artificial vagina. Each sample of 
fresh ejaculate was evaluated for the concentration and 
motility using Sperm Vision™ (Minitübe, Tiefenbach, 
Germany), a computer assisted sperm motion analyser 
(CASA). For magnetic separation, the best 11 bucks 
(Experiment 1) or the best four bucks (Experiment 2) 
were chosen basing on motility parameters. Ejaculates 

from chosen bucks were collected using an artificial 
vagina once a week during each experiment. In the 
Experiment 1 (E1) the ejaculates from 11 bucks were 
mixed to make heterospermic pool and routinely diluted 
in a commercial insemination diluent (MiniTüb) at 
the ratio of 1:6, whereas in the Experiment 2 (E2) the 
ejaculates from four bucks were handled separately and 
diluted at the same ratio.

Before magnetic sperm separation, the sperm cells 
were washed out of seminal plasma to facilitate better 
annexin V binding to PS. For this purpose the diluted 
semen was carefully filtered through a Sartorius filter (2 
ml per filter) with a pore size of 1.2 µm, so that seminal 
plasma with a diluent passed through a membrane, which 
was then discarded. The rabbit spermatozoa retained 
by filter membrane were carefully flushed out from the 
filter to the collection tube with 2 ml of a binding buffer 
(Annexin V Microbead Kit, Miltenyi Biotec, Germany). 
The filtered spermatozoa were diluted in a binding buffer 
at the ratio of 1:3.66 (E1) or 1:8 (E2). Filtered and diluted 
rabbit semen was divided into the experimental group, 
intended for the magnetic separation, and the control 
group (untreated semen).

macS separation of rabbit spermatozoa
In the Experiment 1, the filtered rabbit spermatozoa 

were incubated with 200 µl of annexin V-conjugated 
nanoparticles (Annexin V Microbead Kit, Germany) for 
15 min at room temperature according to the original 
protocol (Miltenyi Biotec). The MidiMACS Magnetic 
Cell Sorting system (Miltenyi Biotec, Germany) was 
used for MACS assay of rabbit spermatozoa at room 
temperature. The MACS LD column was placed into 
the magnetic field of a MACS Separator and prepared 
by washing with 1 ml of a binding buffer. The filtered 
rabbit spermatozoa (7 ml for LD column) incubated with 
annexin V-conjugated nanoparticles were applied onto 
the column. The annexin V-negative (AnV-) spermatozoa 
passed through the column into the collection tube. Then 
the column was rinsed with 2 ml of a binding buffer, 
removed from the separator and placed onto a suitable 
collection tube. For the recovery of an annexin V-positive 
(AnV+) fraction 1 ml of a binding buffer was pipetted 
onto the column and firmly flushed out using the plunger 
supplied with the column.

The filtered rabbit spermatozoa in the Experiment 
2 were processed as described previously by Vasicek 
et al. (2011b).

apoptosis assay in situ (annexin V/pI/DapI)
For annexin V analysis semen samples obtained 

from control group (untreated), negative (AnV-) and 
positive (AnV+) fractions were in both experiments (E1 
and E2) processed using Annexin-V-FLUOS Staining 
Kit (Roche Slovakia, Slovak Republic). Each sample 
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(106 cells) was centrifuged at 670 g for 8 min, resuspended 
in 500 µl of binding buffer (provided with the Kit) and 
centrifuged again as previously. Semen suspension (30 
µl) was mixed with 50 µl of AnV/PI staining solution and 
incubated for 25-30 min at room temperature. Annexin V 
– FLUOS (4 µl), PI (4 µl) and buffer (192 µl; Annexin-
V-Fluos staining kit) were mixed together in order to 
prepare 200 µl of the AnV/PI staining solution. After 
incubation samples were washed in 500 µl of binding 
buffer and centrifuged. Then aliquots of the semen 
suspension (4 µl) were placed between microslide and 

coverslip into 4µl of the Vectashield anti-fade medium 
containing DAPI fluorescent dye (Vector Laboratories, 
Burlingame, CA, USA). At least 200 spermatozoa 
were checked for staining and counted under a Leica 
fluorescent microscope (Leica Microsystem, Germany) 
at magnification 400x using 488 nm, 535 nm or 420 
nm wave-length filters, respectively. The spermatozoa 
with the annexin V-positive membrane exhibited 
green fluorescence, dead spermatozoa exhibited red 
fluorescence, whilst total spermatozoa count was 
identified by blue signal due to DAPI staining (Fig. 1).

fig. 1: fluorescent staining of the rabbit spermatozoa 

A – fluorescein - FITC (apoptotic spermatozoa), B – propidium iodide (dead spermatozoa), C – DAPI (total spermatozoa count) 

  a   b   c

Statistical analysis
Obtained results were evaluated statistically 

by one-way ANOVA (Holm-Sidak) using SigmaPlot 
software (Systat Software Inc., Germany) and expressed 
as the means ± SEM. P-values at  P<0.05 were considered 
as statistically significant.

reSultS  anD  DIScuSSIon

In the Experiment 1, significantly higher (P<0.001) 
proportion of apoptotic spermatozoa was found in the 
AnV+ fraction compared to the AnV- fraction as well as 
to control samples. However, there were no significant 
differences in percentage of apoptotic cells between 
AnV- spermatozoa and control samples as well as in 
proportion of dead cells among the all semen samples. 
Similarly, in the Experiment 2, we observed significantly 
higher (P<0.001) percentage of apoptotic as well as dead 
cells in AnV+ fractions in comparison to AnV- fractions 
and control samples, whereas there were no differences 
in percentage of apoptotic or dead cells between AnV- 
spermatozoa and control samples (Table 1).

The use of the annexin V assay in livestock 
animals for the identification of different sperm 
subpopulations has already been documented (Chaveiro 
et al., 2007; Peña et al., 2003). Staining of cells with a 

combination of Annexin V and PI allows simultaneous 
distinguishing among live, apoptotic or necrotic sperm 
populations. This method has been used by two authors to 
investigate sperm apoptosis, but conflicting results have 
been obtained (Glander and Schaller, 1999; Oosterhuis 
et al., 2000). In the first study the percentage of apoptotic 
sperm in the ejaculate positively correlated with motility, 
while in the second study a negative correlation was 
observed between apoptotic cells and sperm motility 
and concentration. This difference could be due to the 
different method used and/or to the different patient 
population studied, or more probably to the fact that in 
one study the analysis was carried out on a whole semen 
(Oosterhuis et al., 2000) and in the other study it was 
carried out on sperm separated from seminal plasma 
by Percoll density gradient centrifugation (Glander and 
Schaller, 1999). In our experiments (E1 and E2) we 
noticed similar observation as in the second mentioned 
study (Glander and Schaller, 1999). Percentage of 
apoptotic sperm in AnV+ fractions (Table 1) that were 
washed out from seminal plasma by filtration through 
Sartorius filter apparently negatively correlated with 
the total and progressive spermatozoa motility (data not 
published). Moreover, we compared PS externalization 
(annexin V assay) between the annexin V-negative and 
-positive fractions separated by MACS to assess the 
efficiency of MACS separation. The technique appears 
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table 1:  proportion of apoptotic (anV) or dead (pI) cells in macS treated and control (untreated) rabbit 
spermatozoa

  SEMEN SAMPLE AnV/DAPI (%) PI/DAPI (%)

 Heterospermic pool  Control 4.69 ± 0.69a 2.74 ± 0.94
 (Experiment 1)  AnV- 3.48 ± 0.78a 3.48 ± 1.00
   AnV+ 16.83 ± 0.92b 3.00 ± 0.96

 Individual buck  Control 5.97 ± 0.84a 7.12 ± 1.24a
 (Experiment 2)  AnV- 6.60 ± 0.78a 5.22 ± 1.06a
   AnV+ 59.53 ± 6.00b 34.95 ± 6.40b

 Results are expressed as means ± SEM; a vs b were statistically significant at P<0.001

to be adequate because the number of PS-positive 
(annexin-positive) sperm was lower in the AnV- 
fractions than in the AnV+ fractions (Table 1) similarly 
as reported by Said et al. (2006a) (3.4 ± 1.7 % vs. 
54.9 ± 18.1 %, P<0.001), although there were no statistical 
differences in proportion of apoptotic and dead cells 
between AnV- fractions and control samples. Minimal PS 
externalization was noted in the AnV- fractions, whereas 
a considerable number of spermatozoa that stained 
negative for PS were found in the AnV+ fractions. The 
absence of PS externalization in some spermatozoa in 
the AnV+ fractions may be because beads have already 
blocked the PS binding sites. In addition, annexin V can 
also bind to other enzymes such as protein kinases, and 
phospholipids such as PE (phosphatidylethanolamine), 
despite high affinity for PS (Said et al., 2006a).

We found some difference in the number of 
apoptotic spermatozoa within AnV+ fractions between 
Experiment 1 and Experiment 2 (Table 1). This could be 
due to several factors. Since experiments were carried 
out during different seasons, there may be a seasonal 
influence on male fertility parameters. Other factors may 
be different batch of the kit or the type of column used 
for magnetic separation in Experiment 1 and Experiment 
2. The use of flow cytometry for the annexin V assay 
could be more objective. Moreover, the small size of 
microbeads, about 50 nm in diameter, is advantageous 
in flow cytometry because bound microbeads are unable 
to change the scatter properties of spermatozoa (Miltenyi 
et al., 1990).

concluSIon

Our obtained results indicate that the MACS 
technique could be an adequate method for the 
elimination of apoptotic spermatozoa with externalized 
phosphatidylserine from the rabbit ejaculates. However, 

because of some discrepancies further experiments are 
required in order to prove this suggestion.
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