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A B S T R A C T

Selecting the optimal sperm population is essential for success with reproductive techniques. Por-
cicoll (formerly Androcoll-P) is a colloid formulation for selection of high-quality boar spermato-
zoa by single layer centrifugation (SLC). To date, most studies have been carried out with fresh
semen and large volumes. We carried out 2 experiments to test the use of Porcicoll for thawed
boar semen in small volumes. In Experiment 1, cryopreserved semen doses were thawed, split in
200- l aliquots and layered on 1 mL of Porcicoll 70%, 80% or 90%, or buWer without colloid.

We assessed sperm recovery (the proportion of the loading dose that appeared in the pellet, %),
and the physiology of the selected spermatozoa (Vow cytometry: Viability, apoptotic changes, ca-
pacitation, mitochondrial activity, intracellular reactive oxygen species). The most suitable pro-
portion was Porcicoll 80%, allowing acceptable sperm recovery (16.9 4.2%, compared to 70%

(35.4% 3.0, p < 0.001) and 90% (8.2% 3.0, P = 0.001), and improved quality (mitochon-

drial activity: Porcicoll 80%: 77.7 1% vs Control: 60.3 0.7%, P < 0.05). In Experiment 2,

we compared 3 supplements to Porcicoll 80%: 500 mM reduced glutathione (GSH), 20% semi-
nal plasma (SP) and 0.5% bovine serum albumin (BSA). Supplementation with GSH or BSA did
not cause relevant changes relative to Control. In contrast, SP induced membrane and acroso-
mal changes resembling capacitation, which might preclude its use in some applications, and de-
creased recovery (5.5% 1.9 vs. 24.3% 1.2 Control; P < 0.001). However, it could be useful

prior to other applications such as in vitro fertilisation. Overall, Porcicoll is an effective colloid
for isolating a high-quality population from thawed boar sperm, 80% being a balanced option for
good recovery and high quality. Supplements could be useful depending on the proposed use of
the spermatozoa.
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1. Introduction

The swine industry is a dynamic and economically relevant activity worldwide. Recently it has experienced significant changes
mainly due to genetic selection (Roca et al., 2016), with artiUcial insemination (AI) playing a significant role. However, the use of
cryopreserved semen is still marginal, despite many advantages, (Yeste, 2015).

Boar spermatozoa are vulnerable to cryopreservation, which has motivated the quest to develop methods for selecting functional
spermatozoa. Colloid centrifugation has been used in different species to improving the quality of spermatozoa, either before cryop-
reservation (Martinez-Alborcia et al., 2012) or after (Dorado et al., 2013). One suggestion is to use density gradient centrifugation
(DGC) (Noguchi et al., 2015), since optimal spermatozoa may be denser than others. However, DGC can be time-consuming because
of the preparation of the colloid column (Morrell and Rodriguez-Martinez, 2011), and thus single-layer centrifugation (SLC), using
only one layer of a silane-coated silica colloid, has been proposed as a practical alternative. This technique has the advantages of
simplicity, time-saving and no toxicity (Morrell et al., 2009). The Urst report of SLC with boar semen used Porcicoll (formerly known
as Androcoll-P), a colloid optimized for this species (Morrell et al., 2009). This methodology has been scaled-up to process the large
volumes of ejaculates typical for boar semen (van Wienen et al., 2011), for pathogen removal (Blomqvist et al., 2011) and for improv-
ing semen cryopreservation (Martinez-Alborcia et al., 2012, 2013).

However, there are no studies testing the effect of the post-thawing application of SLC on boar semen, dealing with the lower
semen volumes resulting from thawing one straw of frozen semen.

Various substances have been shown to have a positive effect on boar spermatozoa in previous studies: reduced glutathione (GSH)
used in cryopreservation and after thawing (Yeste et al., 2014); seminal plasma, playing an active role in maintaining of sperm phys-
iology (Garcia et al., 2010; Fern ndez-Gago et al., 2013, 2016); and BSA, as cell membrane protector (Zhang et al., 2015).

Thus, the aim of the present study was to evaluate the ability of SLC with Porcicoll to select a high-quality population from cryop-
reserved boar semen. First, different concentrations of Porcicoll were tested with thawed boar semen, to assess their ability to select a
sperm subpopulation with good functionality. Moreover, the effect of supplementing the colloid with different substances was studied.

2. Materials and methods

2.1. Experimental design

Commercial cryopreserved semen doses were obtained from Topigs-Norsvin Spain and only ejaculates with at least 70% motile
and 75% morphologically normal spermatozoa immediately after collection were used to prepare doses. Therefore, this study did not
involve live animals. Five experimental sessions were conducted in each of two experiments. In each session, a pool was prepared
from 3 good-quality doses thawed at 37 C for 30 s in a circulating water bath. Immediately after thawing, sample centrifugation with
Porcicoll was carried out in 1.5-ml microcentrifuge tubes The sperm concentration of the pooled samples was adjusted to 150 106

mL−1 with PBS and 200 l of this sperm suspension were carefully layered on top of the Porcicoll. The tubes were centrifuged at
300g for 10 min at 25 C. The pellet was washed with 500 l of PBS-BSA (0.5% BSA, 600 g for 3 min) and resuspended with 150 l
of PBS-BSA. Sperm quality was analyzed before and after SLC and after a post-SLC incubation of 1 h at 37 C.

In the Urst experiment, we tested 1 mL Porcicoll at 70%, 80% and 90%. Control samples were carefully layered on top of 1 mL
PBS, to determine the effect of the centrifugation itself on post-thaw sperm quality. The preparations were centrifuged and processed
as described above. In this experiment, the spermatozoa retained at the interface between the colloid and semen were also analyzed,
to determine the number of good-quality spermatozoa prevented from passing into the colloid.

In the second experiment, Porcicoll 80% was supplemented with either 500 mM glutathione (GSH), 20% seminal plasma (SP, sub-
stituting SP for the buWer when preparing Porcicoll 80%) or 0.5% bovine serum albumin (BSA). A control tube contained Porcicoll
80% with no supplements. Tubes were centrifuged and processed as indicated.

2.2. Reagents and media

General reagents were purchased from Sigma (St. Louis, MO, EE UU.). Fluorescence probes were bought from Invitrogen (Carlsbad,
CA, EE UU.). Stock solutions were prepared in deionized water (propidium iodide, 1.5 mM; Hoechst 33342, 9 mM; PNA FITC, 1 mg/
ml) or DMSO (YO PRO 1, Mitotracker deep red, Merocyanine 540, MitoSOX, CM H2DCFDA, 1 mM), and stored at −20 C. Porcicoll,
adapted for boar semen, and its speciUc dilution buWer were supplied by Prof. J.M. Morrell at the Swedish University of Agricultural
Sciences (SLU).

2.3. Semen collection and preservation

Semen doses were obtained from the Technological Centre of ArtiUcial Insemination (Topigs-Norsvin Spain, Campo de Villavidel,
Le n, Spain), according to the technique described by Pel ez et al. (Pel ez et al., 2006). Boar semen (Landrace breed) was extended
in lactose-egg yolk (3% glycerol) at 109 mL−1 and packaged at 5 C in 0.25 mL straws. Straws were frozen in a programmable
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freezer. (Digitcool 5300 ZB 250; IMV, L'Aigle Cedex, France) The freezing rate was −3 C/min from +5 to −6 C, hold for 1 min,
and at −20 C/min from −6 C to −100 C. Samples were then plunged into liquid nitrogen (−196 C) for storage.

2.4. Seminal plasma collection

The SP was obtained from ejaculates of 11 boars (Duroc, Large White and Landrace) yielding good semen quality and proliUcacy.
The pooled ejaculates were submitted to a double centrifugation (800g for 10 min at 25 C). After checking that no spermatozoa were
present, the supernatant was aliquotted and stored at −20 C.

2.5. Sperm recovery assessment

Sperm concentration was assessed in order to estimate the recovery in each SLC column. Samples were loaded in a B rker hemo-
cytometer and analyzed using a computer-assisted sperm analyzer (CASA), consisting of an optical phase-contrast microscope (Eclipse
200, Nikon; Tokyo, Japan) with a Basler A302 fs digital camera (Basler Vision Technologies, Ahrensburg, Germany). Images were
analyzed using the ISAS software (Proiser, Valencia, Spain). The recovery was calculated as [cells in the pellet]/[cells layered on the
column] 100.

2.6. Flow cytometry

Different combinations of the following Vuorescent probes in PBS (0.5% BSA) were used for assessing cell physiology
(Mart nez-Pastor et al., 2010): YO PRO 1 (100 nM) for membrane permeability, propidium iodide (PI, 3 M) for membrane in-
tegrity, Mitotracker deep red (MTdr, 100 nM) for mitochondrial activity, PNA FITC (1 g/ml) for acrosomal status and Merocya-
nine 540 (M540, 2 M) for capacitation status. For the Urst experiment, we used the combinations YO PRO 1/PI/MTdr, PNA FITC/
PI and YO PRO 1/M540. We used the proportions of viable spermatozoa (YO PRO 1−/PI−), viable spermatozoa with increased
membrane permeability (%YO PRO 1+ within the PI− population, termed apoptotic ), spermatozoa with active mitochondria
(YO PRO 1−/MTdr+), and viable capacitated spermatozoa (%M540+ within the YO PRO 1− population) and acrosomal damaged
(%PNA FITC both PI+ and PI−). In the second experiment, we further analyzed mitochondrial production of superoxide ([O2

−]m)
and intracellular H2O2 ([H2O2]i), MitoSOX (1 M) and CM H2DCFDA (1 M) respectively, with the combinations YO PRO 1/MitoSOX
and CM H2DCFDA/PI. We recorded the proportions of viable spermatozoa with high ([O2

−]m (%MitoSOX+ within the YO PRO 1−

population) and viable spermatozoa with high ([H2O2]i (%CM H2DCFDA+ within the PI− population). Spermatozoa were added at
106 mL−1 and incubated for 15 min at 37 C in the dark. Hoechst 33342 (H342, 5 M) was added to all tubes for excluding debris
from the Vuorescence proUles.

Analyses were performed using a CyAn ADP cytometer (Beckman Coulter, Brea, CA, USA), equipped with three diode lasers (violet
at 405 nM, blue at 488 nM and red at 635 nM). The Vuorescence was collected by photodetectors provided with Ulters 450/50 (violet
line, blue Vuorescence: H342), 530/40 (blue line, green Vuorescence: YO PRO 1, PNA-FITC, H2DCFDA), 613/20 (blue line, red Vuo-
rescence: PI, MitoSOX) and 665/20 (red line, red Vuorescence: Mitotracker deep red). All parameters were visualized in a logarithmic
scale. Spermatozoa were gated as H342+ events, collecting at least 5000 spermatozoa. Data were processed using Weasel v3.1 (http:
//www.frankbattye.com.au/Weasel/).

2.7. Statistical analysis

The statistical analyses were carried out with the R statistical package. Data were analyzed using linear mixed-effects models, with
the treatments (Porcicoll concentrations or supplements) and incubation time as Uxed effects, and the replicate as the grouping factor
in the random part of the model. Pairwise comparisons were adjusted by Tukey s method. Results are presented as means SEM, and
the threshold for significance was set at P < 0.05.

3. Results

3.1. Experiment 1: evaluation of porcicoll concentrations in sperm recovery and quality

The sperm recovery for the Porcicoll columns was 35.4% 3.0, 16.9% 1.2 and 8.2% 3.0 (70, 80 and 90%, respectively)
(P < 0.001 for 70% vs. 90%, P = 0.001 for 80% vs. 90%).

Table 1 summarizes sperm quality after centrifugation. We did not detect a significant interaction between treatment and incu-
bation time, and therefore we analyzed them as main effects. Sperm viability, mitochondrial activity and acrosomal integrity in the
pellet (selected spermatozoa) increased when using Porcicoll at 80% or 90%, whereas 70% did not improve them relative to Control
(Control 70% < 80% < 90%, P < 0.05). The proportion of viable spermatozoa with capacitation-like features (M540 staining) was
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Table 1
Effect of Single Layer Centrifugation (SLC) with different proportions of Porcicoll (70%, 80% and 90%) on sperm quality parameters.

Viability
(%)

Apoptotic cells (ratio of
viable, %)

Mitochondrial activity
(%)

Damaged acrosomes
(%)

Capacitation (ratio of
viable, %)

Treatment
Control 61.4 1.5a 13.2 4.2 61.6 1.8a 18.2 1.0a 1.5 0.3a

Pellet
70%

64.7 1.3a 23.4 3.0 57.0 3.5a 16.2 0.9a 0.6 0.1b

Pellet
80%

77.7 0.7b 19.8 1.4 73.2 2.5b 9.2 0.6b 0.5 0.1b

Pellet
90%

84.6 0.9c 14.1 3.3 82.2 1.6c 6.4 0.9b 0.4 0.1b

Time
0 h 73.3 1.4 18.0 1.6 70.0 2.1 11.4 0.7 0.7 0.1

1 h 71.0 1.4 17.3 1.6 67.0 2.1 13.6 0.7 0.8 0.1

Parameters analyzed: Viability, apoptotic cells, mitochondrial activity, acrosomal status and capacitation. (data from Control and Pellets at 0 h and 1 h; the interaction
treatment time was not signiUcant, thus these two factors were analyzed as main eWects). Results for the unprocessed sample (semen pool) and interfaces are shown

in Table 2.
Results are the mean SEM. a c DiWerent superscripts indicate signiUcant diWerences between treatments (P < 0.05). Incubation did not aWected the results

signiUcantly.

very low in all cases (only 1.5% 0.3 of viable spermatozoa were identiUed as M540+ in the Control), but SLC reduced these sper-
matozoa in all cases ( 0.5%). Interestingly, incubation did not significantly affect any of these variables.

We also analyzed the quality of the spermatozoa recovered from the interface (unable to enter the colloid; Table 2). The effect
of centrifugation alone (Control) was non-significant, comparing to the non-centrifuged pool. Viability and mitochondrial activity
were significantly lower in all the interfaces than in the pellet or Control. The interface from Porcicoll 70% showed the lowest
values for viability (P < 0.05 comparing to 80% and 90%), and the highest proportion of damaged acrosomes (P < 0.05 comparing
to pool and Control). The occurrence of apoptotic markers did not change in the 80% and 90% interfaces.

3.2. Experiment 2

3.2.1. Evaluation of supplements on the performance of SLC
The GSH and BSA yielded similar recovery ratios to the Control (Porcicoll 80%: 24.3% 1.2; GSH: 24.8% 2.1; BSA:

27.9% 2.3), but SP reduced it to 5.5% 1.9 (P < 0.001).
As in Experiment 1, treatments and incubation time did not interact significantly, being analyzed as main factors. The use of sup-

plements during SLC caused small changes in sperm quality compared to the Control (Fig. 1). Only SP yielded a lower proportion of
apoptotic cells (Fig. 1b) and a significantly higher viability and mitochondrial activity compared to GSH or BSA (Fig. 1a and c). This
treatment also caused a reduction of viable cells with high [H2O2]i (Fig. 2d; P < 0.05 compared to the Control and GSH). However, it
also increased both acrosomal damage (Fig. 2a) and capacitation (Fig. 2b). The proportion of viable cells with high [O2

−]m was low
and not affected by the treatments (Fig. 2c).

Table 2
Comparison between the thawed-unprocessed sample (pool), the centrifuged Control and the spermatozoa recovered from the interfaces of the Porcicoll columns, after
Single Layer Centrifugation (SLC) with different proportions of Porcicoll (70%, 80% and 90%).

Viability
(%)

Apoptotic cells (ratio of
viable, %)

Mitochondrial activity
(%)

Damaged acrosomes
(%)

Capacitation (ratio of
viable, %)

Pool 61.8 1.9a 14.1 4.5 57.2 4.3a 20 2.8a 4 1.7

Control 59.9 2.8a 12.7 4.7 60.3 0.7a 18.3 0.5a 1.4 0.4

Interface
70%

38.6 1.3b 15.3 2.3 35.1 1.4b 27.4 0.8b 2.5 0.3

Interface
80%

48.3 1.5c 21.5 1.6 43.7 2.6b 21.7 0.9ab 2.6 0.5

Interface
90%

48.2 2.6c 25.7 5.1 39.4 4.7b 21.5 1.9ab 2.1 0.3

This table shown results just after SLC, since the pools and interfaces were not incubated afterwards. The results of the pellets were signiUcantly diWerent than those of
the interface, except for the occurrence of apoptotic markers (see Table 1 for the Pellet values, averaged for 0 and 1 h).
Parameters analyzed: Viability, apoptotic cells, mitochondrial activity, acrosomal status and capacitation.
Results are the mean SEM. a−c DiWerent superscripts indicate signiUcant diWerences between treatments (P < 0.05). Incubation did not aWected the results

signiUcantly.

4



UN
CO
RR
EC
TE
D
PR
OO
F

I. Crespo-Félez I et al. Animal Reproduction Science xxx (2017) xxx-xxx

Fig. 1. Effects of Single Layer Centrifugation (SLC) with Porcicoll (80%) supplemented with reduced glutathione (GSH), seminal plasma (SP) or bovine serum albumin
(BSA), on viability (a), occurrence of apoptotic markers (b) and mitochondrial activity (c) of the spermatozoa recovered in the pellet. Results were adjusted for incu-
bation time effects (the interaction treatment time was not significant; thus, these two factors were analyzed as main effects; see Table 3). Treatments with different

letters differ P < 0.05.

Fig. 2. Effects of Single Layer Centrifugation (SLC) with Porcicoll (80%) supplemented with reduced glutathione (GSH), seminal plasma (SP) or bovine serum albumin
(BSA), on the acrosomal status (a), capacitation (b) and the intracellular production of superoxide anion (c) or hydrogen peroxide (d) of the spermatozoa recovered in
the pellet. Results were adjusted for incubation time effects (the interaction treatment time was not significant; thus, these two factors were analyzed as main effects;

see Table 3). Treatments with different letters differ P < 0.05.

Incubation time in Experiment 2 had a significant effect on several variables (Table 3). It caused a significant, albeit small, drop in
sperm viability and mitochondrial activity, while increasing the proportion of viable spermatozoa with apoptotic features or positive
for [H2O2]i production. Incubation did not significantly affect the proportion of spermatozoa with acrosomal damage, capacitation
features or increased [O2

−]m.

4. Discussion

Porcicoll has achieved good results with boar semen when used for SLC prior to freezing (Martinez-Alborcia et al., 2012, 2013). In
this study, we have adapted it to the selection of spermatozoa from thawed boar semen. This is a very different scenario, in which not
only volumes must be scaled down, but we also have to take into account that the cryopreservation process alters the sperm physiol-
ogy. We tested how changing the proportion of colloid in the SLC and the presence of supplements could affect sperm recovery and
quality.
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Table 3
Effect of incubation time in sperm parameters after Single Layer Centrifugation (SLC), on sperm quality parameters.

Viability
(%)

Apoptotic cells
(ratio of viable,
%)

Mitochondrial
activity (%)

Damaged
acrosomes
(%)

Capacitation
(ratio of viable,
%)

High O2
−

(ratio of
viable, %)

[H2O2]i

(ratio of
viable, %)

0 h 72.3 1.2 13.8 2.03 72.2 1.7 26.8 0.7 11.6 1.6 1.6 0.2 3.0 0.8

1 h 65.8 1.2 21.6 2.03 63.3 1.7 29.3 0.7 8.2 1.6 1.2 0.2 10.4 0.8

P 0.020 0.006 0.003 0.107 0.620 0.168 < 0.001

Parameters analyzed: viability, apoptotic cells, mitochondrial activity, acrosomal status, capacitation, and intracellular O2 - and H2O2 levels.
Results are the mean SEM.

As expected, sperm recovery followed an inverse trend with the colloid concentration, due to the higher stringency of the selec-
tion. This was conUrmed when studying the characteristics of both the pelleted spermatozoa and those retained at the interface. Fewer
spermatozoa were recovered with 90% colloid than with 80% or 70% but their quality was even higher. This is the Urst study of this
type carried out with thawed boar spermatozoa, and few studies on other species have been reported. Dorado et al. (2013) obtained a
recovery of 63.3% with thawed dog semen using Androcoll-C (for dog spermatozoa), three times more than 80% Porcicoll. Thys et al.
(2009) obtained 51.5% recovery when using Androcoll-B for selecting thawed bull spermatozoa, while achieving improved motility
and an IVF fertility ratio comparable to other selection methods. However, Jim nez-Rabad n et al. (2012) reported a recovery similar
to 90% Porcicoll using Androcoll-B with thawed semen from goat. The differences between studies might be multifactorial, but the
most important factor might be the species differences. Boar spermatozoa are well known for their vulnerability to cryopreservation
(Martinez-Alborcia et al., 2013; Fern ndez-Gago et al., 2016), which might lead to fewer spermatozoa being of sufUcient quality to be
able to pass through the colloid into the sperm pellet.

Considering sperm viability, the increase achieved with Porcicoll 80% and 90% allow the recovery of a good quality pellet (Pinart
et al., 1999). Mitochondrial activity, which is critical for sperm physiology, was also improved, and spermatozoa with damaged acro-
somes were mostly removed from the sample. Our results are in agreement with studies in red deer (Anel-L pez et al., 2015) in which
the authors reported an increase in sperm quality. However, their results were lower than those reported by us with 80% Porcicoll,
obtaining 67.3% 3.1 of viable sperm and 65.7% 6.1 of intact acrosomes for electroejaculated spermatozoa (and even lower results
for epididymal samples). Dorado et al. (2013) reported 53.99% 6.99 viable and 22.40% 0.03 acrosome-damaged spermatozoa in
dog, which are more similar to the results we obtained with 70% Porcicoll, and might be related to the higher recovery they obtained.

Capacitation is a crucial physiological process for mammalian spermatozoa, which must occur either in vivo during transit through
female reproductive tract or in vitro in a deUned media. Premature triggering of capacitation (e.g., due to cryopreservation) is detri-
mental (Watson, 2000). Using Merocyanine 540, we characterized a small capacitated population in the thawed samples. It is difU-
cult to assess the actual importance of this population, but Porcicoll SLC almost completely removed it. This fact highlights the ability
of Porcicoll to remove spermatozoa with putatively detrimental alterations, even though they are viable.

The quality of the spermatozoa at the interface can also help in assessing the efUciency of each Porcicoll proportion. An increas-
ing concentration of the colloid increases its selectivity, and thus we might expect more apparently good-quality spermatozoa to be
retained at the interface. Indeed, 80% and 90% of Porcicoll retained more viable spermatozoa than 70%. However, these retained vi-
able spermatozoa are potentially of lower quality, since there was also a higher retention of spermatozoa with apoptotic markers and
damaged acrosomes. The importance of removing these abnormal spermatozoa from the insemination doses has been emphasized,
due to the negative effects that they could exert over accompanying good-quality cells (Roca et al., 2013).

Thus, a higher proportion of Porcicoll was more efUcient in obtaining a sperm population with improved physiological parameters,
with little practical differences between 90% and 80%. Therefore, 80% Porcicoll in small volumes could be the most practical choice
for frozen-thawed boar spermatozoa, allowing a balance between a good recovery, removal of abnormal cells and obtaining a pellet
of high-quality spermatozoa.

The second objective of this study was to test if adding different supplements to the Porcicoll could have a protective effect during
centrifugation, increasing sperm recovery or quality. Many researchers have tested supplements for preventing or reversing the dam-
age incurred by sperm storage, but none have dealt with adding supplements to the colloid itself.

The most important Unding is the pronounced effect of SP on SLC results, as much for recovery as for quality. SP is a com-
plex Vuid, which is critical, not only for protecting and nourishing spermatozoa, but also for modulating their fertilizing capacity
(Rodr guez-Mart nez et al., 1989). SP might alter sperm characteristics during centrifugation, explaining the higher cell retention by
Porcicoll. Moreover, the physiology of the selected spermatozoa was also affected. The changes in membrane and acrosomal sta-
tus after SLC with SP were the most noticeable and important results, since these events are related to sperm capacitation. Indeed,
Fern ndez-Gago et al. (2013) found that 50% SP increased the presence of capacitated spermatozoa in post-thaw spermatozoa. How-
ever, the application of SP often results in contradictory results depending on the type of sample (fresh, cooled, thawed or sorted)
(Caballero et al., 2012). In our case, SLC might increase the capacitating effects of SP, leading to changes similar to those reported
by Fern ndez-Gago et al. (2013). The increase in capacitated spermatozoa could be a drawback for some applications (e.g., sex sort
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ing), but an advantage for others. For instance, the selected spermatozoa could be transferred to IVF (in vitro fertilisation) without
the need for further capacitation steps.

We also assessed ROS generation, since the supplements could have an antioxidant effect. The low ROS levels reported by us might
not be a problem in unprocessed samples, but centrifugation and pelleting are stressing processes, and they could transiently increase
ROS production or sperm vulnerability (Dom nguez-Rebolledo et al., 2009). Nevertheless, we found that ROS changes were small,
and they seemed to have little effect on the quality of our samples. Although cryopreservation increases ROS levels, this effect could
be less important in pig comparing to other species (Yeste et al., 2013), and the endogenous ROS defense system in boar sperm might
be very efUcient (Guthrie et al., 2008). Moreover, in contrast to other studies where spermatozoa were exposed to supplements for
several hours (BSA: Zhang et al., 2015; GSH: Yeste et al., 2014), our samples were exposed only during SLC (10 min), which might
not be long enough for protective effects to be observed.

In conclusion, SLC with Porcicoll significantly improved the quality of cryopreserved boar semen. Porcicoll 80% was the most
effective concentraiton of colloid for selecting a high-quality population while achieving good cell recovery. We also found that sup-
plementing the colloid with different substances could be useful for modulating the characteristics of the selected sperm population,
although the results varied. This modulation could be useful depending on the application, and SP may be an option if spermatozoa
were to be immediately used for IVF.
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