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ABSTRACT

The main objective of this study was to improve the motility and overall quality of spermatozoa from the fresh ram
semen samples using more sensitive depletion programmes of AutoMACS Pro Separator to remove dead sperm cells.
Briefly, ram spermatozoa, given either at high (108) or low (107) concentrations, were incubated with the Dead Cell
Removal kit reagent and magnetically sorted using two very sensitive depletion programmes (Depl05 and Depl025)
with different sample loading rates. Fresh unsorted semen samples (control) as well as both sorted fractions (negative
and positive) were analysed using computer-assisted sperm assay (CASA) to assess the motility parameters and using
flow cytometry to evaluate the proportion of dead cells and overall magnetic-activated cell sorting (MACS) efficiency.
We obtained significantly (P <0.01) lower percentage of dead spermatozoa only after sorting the high concentrated
spermatozoa using a Depl025 programme compared to control samples. However, the negative fractions still contained
more than 20 % of dead cells irrespective of the sorting programme used. In addition, the motility parameters were
significantly improved neither by the used sorting strategy nor by the adjustment of spermatozoa concentration. In
conclusion, further optimization of this method is required in order to sufficiently remove dead spermatozoa and to
improve the spermatozoa motility.
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INTRODUCTION Di Santo et al., 2011). On the other hand, sub-standard
semen samples are usually characterized by the

In general, assisted reproductive technology presence of a large population of morphologically

(ART) is commonly used to solve the infertility in
humans (Tournaye, 2012) or on commercial animal
breeding farms (Niemann et al., 2011). One of the ART
techniques is also a cryopreservation of spermatozoa.
However, it has been reported recently that
increased presence of dead spermatozoa in raw
semen is associated with poor cryopreservation and
insufficient outcomes of in vitro fertilization (IVF)
(Roca et al., 2013) compared with the spermatozoa
from a standard semen sample (Oehninger et al., 2000;

altered and/or dead spermatozoa (Esteves et al., 2012).

Magnetic-activated cell sorting (MACS)
also belongs to ART techniques that has been
used in human assisted reproduction (Said et al.,
2006; Oseguera-Lépez et al., 2019) to eliminate
spermatozoa with deteriorated membranes and
apoptotic-like features (Grunewald et al., 2001)
mainly in humans (Glander et al., 2002; Agarwal et
al., 2009; Vendrell et al., 2014; Bucar et al., 2015)
but also in animals (Vasicek et al., 2014a; b; Mrkun
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et al., 2014) using manual MASC instruments. We
have already applied this technique for the first
time for ram semen samples that were sorted using
fully automated magnetic sorter (Vasicek et al.,
2020). However, the used depletion programmes
(Deplete and Depletes) were not sensitive enough
to efficiently remove dead spermatozoa from the
fresh semen samples. Moreover, the spermatozoa
motility, which is one of the primary indicators of
semen quality (Balazi et al., 2020), was not improved
after sorting. Therefore, in this study in order to
improve sperm motility we used more sensitive
depletion programmes for the elimination of dead
spermatozoa.

MATERIAL AND METHODS

Clinically health and sexually mature rams of
Native Wallachian (n = 2) and Improved Wallachian
(n=1) sheep breeds aged 2-4 years were used
in this study. Rams were kept under external
conditions in individual stalls at the breeding facility
(NPPC, RIAP Nitra, Luzianky, Slovak Republic). They
were fed with hay bale and oats; water and
mineral salt were supplied ad libitum. Prior to
the experiment, semen samples were collected by
an electro-ejaculation once a week for the duration
of several weeks, as described previously (Baldzi
et al., 2020). All semen collections were realized
in autumn. Ram semen samples immediately
after collection were transferred to the laboratory
in a water bath for the subsequent processing.
The experiments were carried out in accordance
with the Code of Ethics of the EU Directive 2010/63/EU
for animal experiments.

Freshly collected semen samples were diluted
and analysed by CASA (Sperm Vision™, MiniTube,
Germany) for concentration (10° per mL), total motility
(motility >5 pm.s?) and progressive motility (motility
>20 um.s?) of spermatozoa, as described previously
(Baldzi et al., 2020). The CASA analyses were
performed again after MACS sorting only in negative
fractions.

In this study, we performed four types of
experiments in order to determine the most
appropriate selection strategy and the number
of sorted spermatozoa. At first, ram spermatozoa
at high concentration (10%) were sorted using two

different sensitive depletion programmes (Depl05
and Depl025; first and second type of experiment,
respectively). Next, ram spermatozoa at low
concentration (107) were sorted using aforementioned
programmes (third and fourth type of experiment,
respectively). Briefly, aliquots of each semen samples
(high and low concentrated) were diluted in 1 or
0.5 ml of a reagent from the Dead Cell Removal
kit (Miltenyi Biotec, Germany), respectively and
incubated for 15 min at room temperature according
to the producer's manual. After incubation, dead
spermatozoa were removed from the ram semen
samples by AutoMACS Pro Separator (Miltenyi
Biotec, Germany). A HEPES buffer (10 mM HEPES,
150 mM NaCl, 5 mM KCI, 1 mM MgCl,, 1.8 mM
CaCl,, at pH 7.2) was used as a sheath fluid instead
of the standard MACS running buffer, since the
commercial kit required a buffer with calcium for
a proper binding of nanoparticles to the cells. The
both depletion programmes (Depl05 and Depl025)
differ mainly in the loading rate. The Depl05
programme loads 0.5 mL of sample per minute,
while the Depl025 provides slower loading rate
(0.25 mL.min%).

The negative and positive fractions obtained
from MACS sorting were stained with allophycocyanin
(APC)-conjugated labelling check reagent (LCR;
Miltenyi Biotec, Germany) in order to determine
the proportion of spermatozoa with bound
nanoparticles. Moreover, all sorted samples,
including fresh unsorted (control) samples, were
mixed with a propidium iodide (Pl at 50 pg.mL?;
Molecular Probes, USA) prior to the analysis in order
to reveal the dead spermatozoa. Stained samples
(at least 10,000 cells) were immediately analysed
using a FACSCalibur flow cytometer (BD, San Jose,
CA, USA).

The experiments were replicated for three
times. Semen samples, which contained more
than 50 % of dead spermatozoa, were used for
the immunomagnetic sorting. Motility parameters
and the percentage of dead spermatozoa were
statistically evaluated using a GraphPad Prism
version 9.0.2 for Windows (GraphPad Software, San
Diego, CA, USA) with a one-way ANOVA (Dunnett's
and Sidak's method, resp.) and expressed as the
mean = SEM. P-values at P <0.05 were considered
as statistically significant.
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RESULTS AND DISCUSSION

We tested the possibility of the potential
use of immunomagnetic dead sperm removal to
improve the semen quality. Two different depletion
strategies (Depl05 and Depl025) for very sensitive
fully automated cell sorting were examined.
Ram spermatozoa were sorted at two different
concentrations (10® and 107) in order to define
a proper concentration according to the column
capacity. High concentrated samples (10%) showed
significantly reduced dead cell number in negative
fractions in comparison to control, when separated
using Depl025 programme (P < 0.01). On the other
hand, the proportion of dead spermatozoa also
decreased slightly but insignificantly after sorting
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using a DeplO5 programme. However, negative
fractions of those samples still contained more than
20 % of dead spermatozoa. On the other hand,
the proportion of dead spermatozoa in positive
fractions using both programmes, Depl05 and Depl025,
increased significantly (over 80 %; P<0.05 and P<0.001,
respectively) in comparison to the control samples
(Figure 1A). On the contrary, no significant changes
in the proportion of dead cells were observed either
in negative or positive fractions of low concentrated
semen samples (107 of cells) irrespective of a used
sorting programme (Figure 1B). Therefore, decreased
concentration of spermatozoa did not facilitate their
sorting, and ram spermatozoa could be effectively
sorted at the higher concentration (108 of cells).
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Figure 1. Changes in the proportion of dead spermatozoa after MACS sorting of high concentrated (A)
and low concentrated (B) ram semen samples using two depletion programmes

Depl05 —sorting programme with loading rate at 0.5 mL.min™; Depl025 — sorting programme with loading
rate at 0.25 mL.min. Percentage of dead cells was determined as a proportion of the spermatozoa
positively stained with a propidium iodide; CON —fresh semen samples before sorting; NEG — negatively
sorted spermatozoa; NEG+LCR — negatively sorted spermatozoa co-stained with a labelling check reagent
(LCR); POS —positively sorted spermatozoa; POS+LCR — positively sorted spermatozoa co-stained with a
labelling check reagent (LCR); * — statistical significance at P < 0.05; ** — statistical significance at P < 0.01;

*** _ statistical significance at P < 0.001.
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Interestingly, a slightly lower proportion of
spermatozoa positive for both, Pl and LCR, was
observed in all samples (NEG+LCR and POS+LCR),
when compared to the total percentage of dead
(PI positive) cells in the NEG and POS fractions (Figure 1).
Similar difference, though significant (P < 0.01), was
noticed between positive fractions in high concentrated
samples sorted using Depl025 (Figure 1A). This might
indicate, that some portion of dead cells was not
detected by the nanoparticles, and/or that those
dead cells were appeared as a result of the sorting
procedure itself, since ram spermatozoa are very
sensitive to any physiological changes.

The aim of this study was to remove the dead
cells from the semen samples in order to improve
their quality in terms of better motility parameters.
However, the total and progressive motility of high
concentrated spermatozoa slightly decreased after
sorting by a Depl05 programme. On the other hand,
the progressive motility of spermatozoa slightly
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but insignificantly increased after sorting using a
Depl025 programme (Figure 2A). Furthermore, both
motility parameters in low concentrated semen
samples had decreasing tendency after sorting
using both programmes (Figure 2B). The same
observation was reported in our previous study
(Vasicek et al., 2020), where the motility of ram
spermatozoa after depleting the dead cells using
fewer sensitive programmes (Deplete and Depletes)
decreased insignificantly, and the proportion of
dead cells in negative fractions was not changed,
when compared to the control samples. Similarly,
another our study (Vasicek et al., 2014b), focused
on the removal of dead cells from rabbit semen
samples using the manual MACS instruments, did
not result in the improving the motility in negative
fractions, as well as did not significantly decrease
the number of dead spermatozoa.

On the contrary, in this study we used fully
automated sorter in order to facilitate the sorting
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Figure 2. Changes in the motility parameters of spermatozoa after MACS sorting of high concentrated (A)
and low concentrated (B) ram semen samples using two depletion programmes
CON —fresh semen samples before sorting; Depl05 —negative fractions of spermatozoa sorted using
programme with loading rate at 0.5 mL.min?; Depl025 — negative fractions of spermatozoa sorted using
sorting programme with loading rate at 0.25 mL.min™.
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process and make it more sensitive to ram spermatozoa.
Nevertheless, manual MACS instruments are commonly
used to remove dead or apoptotic spermatozoa
from human semen samples by this technique with
variable results (Paasch et al., 2003; Delbeés et al.,
2013; Grunewald and Paasch, 2013; Merino-Ruiz
et al., 2019). Paasch et al. (2003) demonstrated an
insignificant loss of progressive motility in negative
fractions after MACS. On the other hand, a significant
improvement in the quality (including motility) of
negatively sorted spermatozoa in combination with
density gradient centrifugation was observed by
Delbes et al. (2013) and Merino-Ruiz et al. (2019).

Although we obtained a significant reduction
in the number of dead spermatozoa in high
concentrated ram semen samples after MACS
(Depl025), nevertheless their presence in samples
was still more than 20 %. It has been reported that
high proportion of dead spermatozoa in fresh semen
samples significantly increased ROS generation and
nuclear DNA fragmentation in frozen-thawed boar
spermatozoa and, thus, negatively affected the IVF
outcomes (Roca et al., 2013). Therefore, it is important
to find an optimal method to decrease dead
spermatozoa number in fresh ram semen of valuable
breeding males to the minimum.

CONCLUSION

Present study indicates that fresh ram
spermatozoa with high proportion of dead cells
(over 50 %) can be free of these cells using a very
sensitive depletion programme (Depl025), when
MACS sorted at high concentrations. However,
a considerable proportion of dead cells (over
20 %) still remains in semen samples after sorting.
Therefore, further studies are needed in order to
optimize this method and significantly improve the
quality of ram semen samples, what could increase
the cryosurvival rates and IVF outcomes of frozen-
thawed spermatozoa.
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