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ABSTRACT
Split samples from 7 stallions were simultaneously frozen in four different extenders, INRA
96 egg yolk glycerol, Gent and the two newly developed extenders Caceres 1 and 2. After
thawing, samples were evaluated for motility (CASA system) sperm membrane integrity,
early membrane changes, acrosome integrity, and mitochondrial membrane potential (flow
cytometry). Samples frozen in Caceres 2 extender consistently showed the best results in postthaw motility and velocity, membrane integrity and mitochondrial membrane potential.
However, in terms of sperm motility, the results were not different from those observed in
samples frozen in Cáceres 1 extender. It is concluded that these new extenders can be
included in a freezeability test that the semen from each individual sire should undergo before
entering a commercial freezing program.
Key words: stallion, frozen sperm, flow cytometry, CASA.

INTRODUCTION

Sperm-freezing technology is becoming an area of increasing interest for the equine
industry (Samper, 2007), despite the technology yet being sub-optimal,mainly due to large
inter-individual variability in sperm survival during the freezing and thawing procedures
(Loomis and Graham 2002). This fact prevents the standardization of freezing and thawing
protocols. Such variability is often ascribed to the selection done in horses, where most, if not
all stallions have been chosen for reproduction only based in their performance and
phenotype. The steady development of artificial insemination (AI) with frozen-thawed sperm
in the equine industry requires efforts to improve the quality of frozen samples, and also to
minimize individual variability among stallions in the freezeability of their ejaculates.
Attempts to improve current cryopreservation protocols (Loomis and Graham, 2008,
Vidament et al, 2000, 2005), and development of techniques for deep intrauterine
insemination with a reduced number of spermatozoa (Lyle and Ferrer, 2005) are relatively
recent innovations in equine breeding. In spite of these facts, cryopreservation protocols used
in this species are still under development, mainly due to past limitations for AI in most of the
stud books, and lack of funds for research.
Freezing and thawing cause major damage to spermatozoa, particularly their
membranes (plasma- and organelle membranes) (Peña et al, 2003ab). Based on experimental
studies of equine spermatozoa, the most important factors causing cryoinjury are considered
to be the toxicity caused by unequal distribution of cryoprotectants (such as glycerol), and the
osmotic stress caused by dehydration of the extender and the cells during freezing and again
at thawing, disputing the findings of earlier –more empirical- studies (Morris et al, 2006,
2007). In addition, a number of other events occur during cooling: phase transitions in the
plasmalemma, oxidative damage and premature ageing which all contribute to sperm death or,
if surviving, to their shortened lifespan (Watson, 2000). Furthermore, apoptosis-like
phenomena have been identified as taking place in spermatozoa of several species including
horses (Martin et al, 2007; Martin et al, 2004; Ortega Ferrusola et al, 2008, 2009, Moran et al
2008), which explains not only cellular death, but also the different degrees of subtle cellular
damage that most surviving spermatozoa disclose post-thaw.
In view of these facts, the aim of this study was to test the efficacy of a recently
developed extender for stallion sperm, designed to reduce the osmotic stress during freezing
and thawing, and compare it with some of the currently available commercial extenders for
the equine species.
Material and methods
Semen collection and processing
Semen (four ejaculates per stallion) was obtained from 7 Pure Spanish stallions (PRE)
individually housed at the Veterinary Teaching Hospital of the University of Extremadura,
Cáceres, Spain. The stallions were maintained according to institutional and European
regulations, with semen being collected on a regular basis (two collections/week) during the
2009 breeding season. Ejaculates were collected using a Missouri model artificial vagina,
lubricated and pre-warmed to 45-50ºC, fitted with an in line filter to separate the gel fraction.
The collected ejaculate was immediately transported to the laboratory for evaluation and
processing. The filtered ejaculate was extended 1:1 (v/v) with INRA 96 (IMV, L `Aigle,
France), split in four subsamples and centrifuged at 600 g for 10 minutes. The resulting sperm
pellets were re-extended in four different freezing media (i) Gent, (Minitüb Ibérica, Spain),
(ii) INRA 96 (IMV, L `Aigle, France), supplemented with 2% egg yolk and 2,5% glycerol,

(iii) Cáceres 1 and (iv) Cáceres 2 (University of Extremadura, Cáceres Spain, patent pending),
to a final concentration of 100x106 spermatozoa per mL. The spermatozoa were slowly cooled
to 4ºC within one hour, loaded in 0.5 mL plastic straws and frozen horizontally in racks
placed 4 cm above the surface of LN2 for 10 min, after which they were directly plunged in
LN2 for storage. After at least 4 weeks of storage, straws were thawed in a water bath at 37º C
for 30 seconds, for analyses.
Sperm motility analysis
Motility and sperm kinematics were evaluated after thawing and after incubation at 38ºC for
60 minutes (thermoresistance test). Motility was measured using a CASA system (ISAS
Proiser Valencia Spain) based on the examination of 25 consecutive digitalized images
obtained from a single field using an x10 negative phase contrast objective in a light
microscope (Olimpus CX41 Tokyo, Japan). A minimum of 200 cells per sample was
analyzed. Images were taken with a time lapse of 1 sec; the image capture speed was,
therefore, one every 40 ms. The number of objects incorrectly identified as spermatozoa was
minimized on the monitor by using the playback function. With respect to the setting
parameters for the program, spermatozoa with a VAP <10 m/sec were considered immotile,
while spermatozoa with a velocity >15m/sec were considered motile. Spermatozoa deviating
<45 º from a straight line were designated as linearly motile.
Evaluation of acrosomal status
The acrosomal status of sperm was evaluated as described by Rathi et al (2001) for stallion
spermatozoa by staining the incubated samples with 5g/ml FITC-PNA (100g/ml in PBS)
(Sigma Aldrich St Louis Mo) and one L of Ethidium Homodimer-1 (1.167 mM) (Molecular
Probes Europe, Leiden, The Netherlands). The samples were incubated in the dark for 30
minutes at 38º C and assessed by flow cytometry and confocal laser microscopy. FITC –PAN
staining differentiated in the viable sperm population (Eth-1 negative) two distinct subgroups.
The first with intact acrosomes (not stained by the PNA) and those showing acrosomal FICTPNA staining which indicates that their acrosome are reacted or had reacted (Rathi et a 2001).
Evaluation of mitochondrial membrane potential (m)
The lipophilic cationic compound 5,5’,6,6’–tetrachloro-1,1’,3,3’ tetraethylbenzymidazolyl
carbocianyne iodine (JC-1, Molecular Probes Europe, Leiden, The Netherlands) has the
unique ability to label differentially mitochondria with low and high membrane potential. In
mitochondria with high membrane potential, JC-1 forms multimeric aggregates emitting in
the high orange wavelength of 590 nm, when excited at 488 nm. However at the same
excitement wavelength (488 nm) in mitochondria with low membrane potential, the JC-1
forms monomers, which emit in the green wavelength (525 to 530 nm). For staining, a 3mM
stock solution of JC-1 was prepared in DMSO. From each sperm suspension, 5 x106 freshly
ejaculated or post-thawed spermatozoa were placed in one mL of PBS and stained with 0.5
µL JC-1 stock solution. The samples were incubated at 38 °C in the dark for 40 minutes
before flow cytometric analysis.
Assessment of subtle sperm membrane changes and cell viability

Early sperm membrane changes and viability were determined as described by Peña et al.
(2005), with modifications for adaptation to the equine species (Ortega Ferrusola et al, 2008).
In brief, one mL of sperm suspension (5 x 106 spermatozoa/mL) from freshly ejaculated or
post-thawed spermatozoa was loaded with 3 L of YO-PRO-1 (25 M) and one L of
Ethidium Homodimer-1 (1.167 mM) (Molecular Probes Europe, Leiden, The Netherlands).
After thorough mixing the suspension was incubated at 37 ºC in the dark for 16 min. This
staining distinguishes four sperm subpopulations. The first is the subpopulation of unstained
spermatozoa. These spermatozoa are considered alive and without any membrane alteration.
Another sperm subpopulation consists of YO-PRO-1 positive cells emitting green
fluorescence. It has been demonstrated that in the early stages of apoptosis there is a
modification of membrane permeability that selectively allows entry of some non-permeable
DNA-binding molecules (Ormerod et al, 1993; Wronsky et al, 2002). This subpopulation
contains spermatozoa which may show early damage or a shift to another physiological state,
since membranes become slightly permeable during the first steps of cryoinjury, enabling
YO-PRO-1 but not ethidium homodimer to penetrate the plasma membrane (Idziorek et al,
1995; Wronsky et al, 2002). Neither of these probes enters intact cells. Finally, two
subpopulations of cryo-induced necrotic spermatozoa were easily detected, early necrotic,
spermatozoa stained both with YO-PRO-1 and ethidium homodimer (emitting both green and
red fluorescence), and late necrotic spermatozoa, cells stained only with ethidium homodimer
(emitting red fluorescence).
Flow Cytometry
Flow cytometric analyses were carried out with a Coulter EPICS XL (Coulter Corporation
Inc., Miami, FL, USA) flow cytometer equipped with standard optics, an argon-ion laser
(Cyonics, Coherent, Santa Clara, CA, USA) performing 15 mW at 488 nm and an EXPO
2000 software. Subpopulations were divided by quadrants, and the frequency of each
subpopulation was quantified. Non-sperm events (debris) were gated out based on the forward
scatter and side scatter dot-plots by drawing a region enclosing the cell population of interest.
Events with scatter characteristics similar to spermatozoa but without reasonable DNA
content were also gated out. Forward and sideways light scatter were recorded for a total of
10,000 events per sample (YO-PRO-1, PNA), or 30,000 events for JC-1. Samples were
measured at flow rate of 200-300 cells/sec. Green fluorescence was detected in FL1 red
fluorescence was detected in FL3, and orange fluorescence in FL2.
Confocal Microscopy
Sperm samples were observed under a spectral inverted confocal microscope (Bio Rad MRC
1024, Hercules CA USA). The localization of each probe emission was assessed at a
wavelength range of 495-545nm and 580-620 nm. Samples were excited with an argon ion
laser emitting at 488nm.
Statistical analysis
The data were first examined using the Kolmogorov–Smirnov test to determine their
distribution. If non-Gaussian distribution of some of the data gathered were detected after
multivariate analysis of variance was performed, and when significant differences were
found, the non-parametric Mann–Whitney U-test was used to compare pairs of values

directly. All analyses were performed using SPSS ver. 15.0 for Windows (SPSS Inc.,
Chicago, IL). Statistical significance was set at P < 0.05.
RESULTS
Sperm motility and kinematics post thaw
Motility was higher in the samples frozen using the Cáceres extenders (table 1). The
percentage of motile sperm increased (p<0.05) by 11% and 17% when the extender Cáceres 2
was compared with the INRA96EYG and Gent extenders, respectively. After 60 minutes of
incubation, the same tendency persisted (table 2). Sperm velocities were also higher in
samples frozen in the two Cáceres extenders, except for VSL at thawing. However, after 60
minutes of incubation at 38ºC, all sperm velocities were higher in samples frozen in the
Cáceres extenders. Interestingly, the lowest variability was observed in samples frozen in both
Cáceres extenders. On the other hand, samples frozen in Gent extender showed the greatest
variability with stallions depicting motilities post thaw from 7.5 to 52%.
Sperm viability and early changes in sperm membranes post thaw
The percentage of intact sperm membranes post thaw was higher in samples frozen in Cáceres
2 extender, while there where no differences in the percentage of sperm membranes between
the samples frozen in Gent and INRA96EYG extenders (table 3). Also the percentages of late
apoptotic and necrotic spermatozoa were lower in samples frozen in both Cáceres extenders.
Acrosomal status post thaw
The percentage of live sperm with intact acrosomes post thaw was significantly higher (p<
0.05) in samples frozen in both Cáceres extenders, with increases of 14% when compared
with samples frozen in Gent extender and 11% when compared with INRA96EYG extender
(Table 4).
Mitocondrial membrane potential
The best results after freezing, in terms of percentage of active mitochondria post thaw, were
observed in samples frozen in Cáceres 2 extender (table 5); i.e. sperm frozen in this extender
had more active mitochondria.
DISCUSSION
In the present study, stallion ejaculates frozen in the extender Cáceres2 survived better
freezing and thawing than semen samples frozen in commercial extenders currently available.
In addition, stallion –to- stallion variability was lower in samples frozen in both Cáceres
extenders.
Most damage during the cryopreservation process in the equine species is caused by
osmotic stress, mainly at thawing (Morris 2007). The greater sperm survival of the samples
frozen in Caceres extenders can be attributable to a reduction in the osmotic stress, due to the
combination of cryoprotectants used in these extenders. These extenders use different amides
(Chalah et al, 1999, Alvarenga et al, 2005) in combination with a lower dose of glycerol, thus

diminishing glycerol toxicity, alongside with a reduction of osmotic shock due to the lower
molecular weight of amides and their higher membrane permeability (Vidament et al, 2009).
One aspect of interest is that both extenders improved sperm survival in all tested
stallions, while the other extenders presented greater variability in terms of sperm survival.
Only in one stallion, showed Gent extender results comparable to the Cáceres 2 extender. This
confirms previous observations, indicating that the design of stallion specific freezing
protocols and or extenders is the best approach to improve results of frozen semen in the
equine industry (Loomis and Graham, 2008).
Sperm frozen in Cáceres2 extender improved all parameters of sperm quality studied.
This aspect is of great importance considering most studies in horses only evaluate sperm
motility post thaw. Moreover, the sperm plasma membrane serves as the main physical barrier
to the outside environment and it is a primary site for freeze-thaw damage (Ricker et al,
2006). Recent research has revealed the sperm mitochondria as key structures for sperm
function (see Peña et al, 2009 for a review). Special points of interest are that in humans, high
mitochondrial potential (m) is highly correlated with fertility capability (Gallon et al,
2006) and that the sperm mitochondria are those organelles of the stallion spermatozoon more
sensitive to cold shock (Ortega Ferrusola et al, 2008). In view of this evidence, we paid
special attention to the evaluation of the sperm membranes (plasma and acrosome
membranes) and mitochondria. We used two approaches to study sperm membranes, firstly
studied intact membranes (plasma and acrosome membranes), and also studied the integrity of
the sperm membrane and early changes in their permeability, a change associated with sub
lethal damage (Pena et al, 2004, Ortega Ferrusola et al, 2008, 2009, 2010). When the
percentage of completely intact sperm membranes was considered, the best results were those
of samples frozen in the Caceres 2 extender, while; when considering percentage of live
sperm with intact acrosomes, both Caceres 1 and 2 extenders gave the best results.
Apparently, freezing sperm in the Caceres 2 prevents better those early damages on sperm
membranes, since while there was no difference in terms of ethidium (non permeable probe)
exclusion. When ethidium was combined with YO-PRO-1, a semipermeable probe, Caceres
2 gave more live spermatozoa.
The sperm mitochondria is becoming a central assay of the evaluation of the
spermatozoa since recent research demonstrate a pivotal role for them in the fertilizing
potential of spermatozoa (Gallon et al, 2006). In term of the functionality of the mitochondria,
samples frozen in extender Caceres 2 gave the best results. These results can also be
attributable to a reduction of the osmotic shoc: Recent research in our laboratory (Macías
García et al, submitted) demonstrated the greater susceptibility to osmotic-induced stress on
mitochondria. Mitochondrial dysfunction appeared earlier than plasma membrane damage,
indicating greater susceptibility to osmotic stress. The protective effect of Caceres 2 extender
on stallion sperm mitochondria may indicate that in samples frozen in this extender there are
more spermatozoa with high fertilizing potential (Gallon et al 2006).
Another important aspect that should be stressed is that there was a great variability in
the response to freezing in the Gent extender, this extender gave results comparable to
Caceres 2 in stallion number one, but very poor results in other stallions. This fact indicates,
as previously stated (Loomis and Graham, 2008) the need to perform customized protocols
for every independent stallion. Interstingly, Caceres 2 gave consistent results with all the
stallions tested in this study.
In sum, newly designed extenders improved sperm quality post thaw, and diminished
stallion-to-stallion variability. These extenders should be included in the pre-freeze test for

every individual stallion in order to increase the number of stallions included in commercial
freezing programs.
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Table 1.- Motility (Computer assisted sperm analysis, CASA) at thawing of ejaculates from 7
stallions split and frozen in four different extenders (means  SD). Experiments were repeated
four times for each stallion.

Caceres 1
Caceres 2
Ghent
INRA96EYG
a,b
a
b
TM%
34.011.53
40.414.67
28.819.71
23.512.39b
a
a
a
LM%
10.44.52
12.26.88
8.58.92
5.54.52b
VCL (m/s) 40.35.52a
37.57.40a,b 35.09.67a,b 32.56.75b
VAP (m/s) 21.72.79a
20.44.17 a,b 18.94.98 a,b 17.53.49b
VSL (m/s)
15.62.67
15.03.54
13.64.70
12.93.30
a-b within a row values with different superscript are statistically different (P<0.05)
TM% percentage of total sperm motility post thaw, LM% percentage of linearly motile
sperm post thaw, VCL circular velocity, VAP, average velocity, VSL, straight line velocity.
Table 2. Motility (Computer assisted sperm analysis, CASA) after incubation at 38ºC for 60
minutes of ejaculates from 7 stallions split and frozen in four different extenders (means 
SD). Experiments were repeated four times for each stallion.

Caceres1
Caceres2
Ghent
INRA96EYG
a,b
a
a,b
TM%
30.59.47
32.714.44
21.917.26
18.39.61b
a
a
b
LM%
8.633.90
8.86.04
4.66.32
2.52.17b
VCL (m/s)
36.56.40a
34.16.57a,c 29.38.60b,c
27.55.01b
VAP (m/s)
20.03.63a
18.63.64a
15.64.90b
14.72.83b
a
a
b
VSL (m/s)
14.23.46
14.03.22
10.94.66
10.42.77b
a-b within a row values with different superscript are statistically different (P<0.05)
a-b within a row values with different superscript are statistically different (P<0.05)
TM% percentage of total sperm motility post thaw, LM% percentage of linearly motile
sperm post thaw, VCL circular velocity, VAP, average velocity, VSL, straight line velocity.

Table 3. Membrane integrity and sub lethal damage after thawing minutes of ejaculates from
7 stallions split and frozen in four different extenders (means  SD). Experiments were
repeated four times for each stallion.

Live
YoPro+
YoPro+Eth+
Eth+

Cáceres1
33.610.05a
18.18.03a
16.36.66a,b
31.910.70a

Cáceres2
40.48.92b
12.34.77b
12.54.53b
34.78.88a

Ghent
29.210.11a
9.86.49ab
17.99.81a
43.112.03b

INRA96EYG
29.08.91a
12.67.48ab
19.310.06a
39.0713.05ab

a-b within a row values with different superscript are statistically different (P<0.05)
Live % of intact membranes, YoPro+, percentage of spermatozoa with increased membrane
permeability (indicative of sublethal damage), YOPRO+/Eth+ and Eth+ are dead
spermatozoa.

Table 4. Membrane and acrosomal status post thaw of ejaculates from 7 stallions split and
frozen in four different extenders (means  SD). Experiments were repeated four times for
each stallion.

PNA-/EthPNA+
PNA+/Eth+
Eth+

Caceres1
47.69.55a
0.50.84
5.46.32
46.67.22a

Cáceres2
48.010.59a
1.53.37
7.810.20
42.67.22a,b

Ghent
34.110.96b
2.58.68
10.69.13
52.712.8b

INRA96EYG
37.69.21b
0.40.48
4.94.9
57.18.84c

a-c within a row values with different superscript are statistically different (P<0.05)
PNA-/Eth-, % intact membrane and intact acrosomes, PNA+ % intact membranes and
damaged acrosomes, PNA+/Eth+ % dead sperm with damaged acrosomes, Eth+ percentage of
dead sperm.

Table 5. Mitochondrial membrane potential m of ejaculates from 7 stallions split and
frozen in four different extenders (means  SD). Experiments were repeated four times for
each stallion.

High m
High and Low m
Low m

Cáceres 1
3.45.40
17.79.31a
78.312.30c

Caceres 2
5.24.07
29.78.57b
64.69.88d

Ghent
3.03.38
20.410.67a
76.111.69c

INRA96EYG
2.11.77
19.47.67a
78.011.92c

a-d within a row values with different superscript are statistically different (a,b P<0.05; c-d
p<0.01)
High m, % of spermatozoa with all their mitochondrial showing high potential, High and
low m, percentage of spermatozoa depicting simultaneously mitochondrial with high al
low potential, Low m, percentage of spermatozoa with all their mitochondria depicting
low potential.

