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Cooling of ejaculated and epididymal stallion sperm
[Refrigeracéo de espermatozoides do ejaculado e epididimo em garanhdes]
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ABSTRACT

After a serious injury or sudden death, epididymis cauda sperm recovery and cryopreservation may present as
the last opportunity to obtain genetic material from a valuable stallion. This study evaluated the viability of
cooled equine sperm collected by three different methods: sperm of ejaculated (G1), sperm recovered from the
epididymal cauda immediately after orchiectomy (G2) and sperm recovered from the epididymal cauda after
storage for 24 hours at 5°C (G3). To obtain G1 sperm, two ejaculates were collected. After 1 week, all stallions
underwent a bilateral orchiectomy, and one of the removed epididymides was flushed to obtain G2 sperm. The
contralateral epididymis was stored at 5°C for 24 hours before being flushed to obtain G3 sperm. The sperm
samples were evaluated immediately after the addition of the refrigeration extender, and after 24 and 48 hours
of storage at 5°C. After 24 and 48 hours of storage, the epididymal sperm demonstrated higher motility traits
when compared to the ejaculated sperm (P<0.05). These results indicate that sperm recovered from the
epididymal cauda of stallions are more resistant to the cooling process, with higher kinetic parameters and
plasma membrane integrity when compared to the ejaculated sperm.
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RESUMO

A recuperagdo de espermatozoides da cauda do epididimo pode ser a Gltima chance para preservacdo do
germoplasma quando ocorre morte sibita ou lesdo grave em garanhdes de alto valor genético. O presente
trabalho comparou a viabilidade apds refrigeracdo dos espermatozoides do ejaculado (G1), recuperados da
cauda do epididimo imediatamente apds a orquiectomia (G2) e recuperados ap6s armazenamento do
epididimo por 24 horas a 5 <C (G3). No G1 foram colhidos dois ejaculados. Uma semana ap6s a colheita dos
ejaculados os garanhdes foram submetidos & orquiectomia bilateral e realizada a colheita dos
espermatozoides da cauda do epididimo de um testiculo de cada garanhdo (G2). O testiculo contralateral
permaneceu a 5°C por 24 horas, antes da recuperagao espermatica (G3). A andlise das amostras foi realizada
imediatamente ap6s a adi¢do do meio de refrigeracao, e apos 24 e 48 horas de armazenamento a 5°C. Apds 24
e 48 horas de armazenamento, os espermatozoides do epididimo demonstraram caracteristicas de cinética
maiores que os do ejaculado (P<0.05). Estes resultados indicam que espermatozoides recuperados da cauda
do epididimo foram mais resistentes ao processo de refrigeracdo, com maiores pardmetros de cinética
espermatica e integridade da membrana plasmética quando comparados aos espermatozoides do ejaculado.
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espermatica, plasma seminal

INTRODUCTION also offers additional benefits, including an

easier way to deliver and preserve genetic

The use of cooled semen during artificial material. The marketing and application
insemination (Al) is the most commonly used possibilities of semen have also increased
technique in  equine reproduction. The significantly since the advent of cryopreservation
cryopreservation of equine semen has gained (Nunes et al., 2006). The preservation of
popularity because it prolongs storage time. It spermatozoa at low temperatures reduces its

catabolism and prevents further damage to cells

Recebido em 25 de novembro de 2011
Aceito em 4 de dezembro de 2012
E-mail: monteiroga@yahoo.com.br



Monteiro et al.

(Squires, 1999; Ball, 2008). The use of cooled
semen in Al has a similar pregnancy rate when
compared to fresh semen (Jasko, 1992; Darenius,
1998). Some stallion’s sperm respond more
favorably to cooling than others (Brinsko et al.,
2000). This finding depends not only on the
quality of the semen but also on the composition
of the seminal plasma and the cell membrane
(Aurich, 2005).

Despite the benefits during mating, seminal
plasma has been reported to have deleterious
effects on in vitro preservation of cooled semen
(Pickett et al., 1975; Rigby et al., 2001; Todd et
al., 2001). Many studies have questioned the
necessity of seminal plasma in the fertilization
process because the sperm recovered from
epididymal cauda show a high conception rate
(Papa et al., 2008; Monteiro et al., 2011a). In
addition, studies have reported that seminal
plasma can damage semen during the cooling
and freezing process, and it may also decrease
the fertility of both fertile (Moore and Hibbit,
1976; Aurich et al., 1996) and subfertile stallions
(Monteiro et al., 2011b). It is suggested that
seminal plasma may cause biochemical changes
that lead to increased plasmatic membrane
permeability, which promotes cellular injury
(Moore and Hibbit, 1976; Moustafa and
Mezaros, 1981).

The recent successful fertility rates achieved in
horses using sperm recovered from the
epididymal cauda highlight the importance of
studying the effects of cryopreservation on these
cells (Papa et al., 2008; Monteiro et al., 2011a).
Such studies become even more relevant when it
is considered that the harvesting of sperm from
epididymal cauda may allow for a final
opportunity to obtain semen from deceased
stallions.

The aim of this study was to compare the
viability of cooled equine sperm collected using
an artificial vagina (Control, G1), with the sperm
recovered from the epididymal cauda
immediately after orchiectomy and the sperm
recovered from the epididymal cauda after
storage for 24 hours at 5°C.
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MATERIAL AND METHODS

Eight stallions of different breeds, four Brazilian
Jumping Horses, two Lusitano and two
Mangalarga Marchador, ranging in age from 4 to
6 years, were used in this study. Initially, three
ejaculates from each stallion were collected, with
an interval of 2 days, to eliminate possible
damaged cells from the epididymal cauda and to
stabilize the sperm parameters. These same
animals provided the sperm for the G1, G2 and
G3 samples.

For G1, two ejaculates were collected from each
stallion over a 1-week interval using an artificial
vagina. One week after the last semen collection
using the artificial vagina, the same stallions
underwent a bilateral orchiectomy. In G2, the
harvesting of the sperm from the epididymal
cauda was performed immediately after the
surgery, alternating between right and left
epididymides. In G3, the contralateral testis and
epididymis was stored in a passive refrigeration
container (Botutainer®) at 5°C for 24 hours,
before the harvest of the epididymal sperm.
Recovery of the cauda epididymal sperm was
performed using the flushing technique, as
reported by Garde et al. (1994) and Bruemmer et
al. (2002). In all groups, the refrigeration
extender (Botu-Sémen®) was added to the
standard concentration of 50 million (50 x 10°)
viable sperm per milliliter. After the dilution, the
samples were stored in a passive cooling system
(Botutainer®), which has a refrigeration rate of
0.03°C per minute from room temperature to its
stabilization at 5°C. The samples were stored for
up to 48 hours.

Ejaculated sperm collected by an artificial vagina
and sperm recovered from the epididymal cauda
were evaluated by the computadorized method —
CASA (HTM-IVOS 12), immediately after the
addition of the refrigeration extender, and after
24 and 48 hours of storage at 5°C. The CASA
setup is described in Table 1. The following
parameters were evaluated: total motility (TM,
%), progressive motility (PM, %), angular
progressive velocity (VAP, um/s), progressive
velocity (VSL, pum/s) and percentage of rapid
sperm (RAP, %). An aliquot of each sample was
evaluated for plasma membrane integrity (PMI;
%) using epifluorescence microscopy (Harrison
and Vickers, 1990).
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Table 1. Methodologies of computer-assisted
semen analysis (CASA) for equine sperm

analyzer

Characteristic Adjusted to
Number of frames 30
Minimum contrast 60 pixels
Minimum cell size 3 pixels
Contrast to static cells 30 pixels

Straightness 80 %

Average path velocity cutoff ~ 30.0pm/second
Mmlmur.n VAP 1o 70.0pm/second
progressive cells

VSL cutoff to slow cells 20.0pm/second
Static head size 0.62-2.98
Static head intensity 0.24-1.19
Static head elongation 100-0
Magnification 1.95%
Temperature 37°C

Data were analyzed by ANOVA and the Tukey
test was used to compare the treatments. The
significance level was set at 0.05.

RESULTS

As shown in Table 2, no differences in the sperm
kinetic parameters in the fresh samples were
observed. However, the membrane integrity
(PMI) in G1 samples was significantly lower
(P<0.05) when compared to sperm recovered
from the cauda epididymis immediately after
orchiectomy (G2).

In evaluating the sperm stored for 24 hours at
5°C (Table 3), there were no differences in the
VAP and VSL traits between the tested groups.
However, the TM, RAP and PMI traits were
significantly lower (P<0.05) for G1 samples
when compared to G2 and G3 samples. In
addition, the PM was higher in the G2 when
compared to the G1 samples.

For the groups evaluated after 48 hours of
cooling at 5°C (Table 4), TM, PM, RAP and
PMI were significantly lower (P<0.05) for G1
when compared to G2 and G3 samples.
Moreover, the VAP and VSL traits were higher
in the G3 samples when compared to G1
samples.

Table 2. Mean values and standard deviations of the sperm parameters TM, PM, VSL, VCL, RAP and
PMI were evaluated immediately after recovery for the G1 and G2 groups

Group ™ (%) PM (%) VAP (um/s)  VSL (um/s) RAP (%) PMI (%)
G1(0h) 77,1+8,34 44,2+8,41 11194114 82,2+6,45 68,9112 51,8+18,1b
G2(0h) 84+5,50 46,446,85 104,1+6,33 83+5,40 73,9+8,40 72,1+9,69a

Different letters in a column indicate differences (P<0.05).

TM = total motility; PM = progressive motility; VSL = straight-line velocity; VCL = curvilinear velocity; RAP =
rapid cells; PMI = plasma membrane integrity.

G1(0h) = ejaculated sperm evaluated immediately after collection; G2 (0Oh) = sperm recovered from the epididymal
cauda immediately after orchiectomy and evaluated after the harvest.

Table 3. Mean values and standard deviations of the sperm parameters TM, PM, VSL, VCL, RAP and
PMI for the G1, G2 and G3 groups after 24 hours of storage

Group T™ (%) PM (%) VAP (um/s)  VSL (um/s) RAP (%) PMI (%)
G1(24h) 60,2+17b 30,8+14,2b 104,6+14,9 86,9+14 41,2+20,3b  43,1+10,4b
G2(24h)  85,1#5,85a  46,1+8,46a 103+8,58 81,3+7,22 74,9+10,5a  67,8%11,9a
G3(24h)  83,1+7,52a  38,3+7,14ab 106,5+9,24 80,9+6,03 71,7+£9,84a  66,9+13,8a

Different letters in a column indicate differences (P<0.05)

TM = total motility; PM = progressive motility; VSL = straight-line velocity; VCL = curvilinear velocity; RAP =
rapid cells; PMI = plasma membrane integrity

G1 (24h) = ejaculated sperm evaluated after storage at 5°C for 24 hours; G2 (24h) = sperm recovered from the
epididymal cauda immediately after orchiectomy and evaluated after storage at 5°C for 24 hours; G3 (24h) = sperm
recovered from the epididymal cauda after storage of the epididymis at 5°C for 24 hours and evaluated after the
harvest.
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Table 4. Mean values and standard deviations of sperm parameters TM, PM, VSL, VCL, RAP and PMI
for the G1, G2 and G3 groups after 48 hours of storage

Groups  TM (%) PM (%) VAP (um/s)  VSL (um/s)  RAP (%) PMI (%)

Gl(48h) 538+227b 264+175b  91,7#193b  67,4+21,7b 292+211b  28,4%122b
G2(48h)  84+489a  434+7,14a  103,8+556ab  80,5+495ab  752+6,72a  71,8+4,84a
G3(48h)  87,7#324a  47,8+9,79a  1089+475a  853#514a  80,7+514a  74,3%8,22a

Different letters in a column indicate differences (P<0.05)

TM = total motility; PM = progressive motility; VSL = straight-line velocity; VCL = curvilinear velocity; RAP =
rapid cells; PMI = plasma membrane integrity

G1 (48h) = ejaculated sperm evaluated after storage at 5°C for 48 hours; G2 (48h) = sperm recovered from the
epididymal cauda immediately after orchiectomy and evaluated after storage at 5°C for 48 hours; G3 (48h) = sperm
recovered from the epididymal cauda after 24 hours of storage of the epididymis at 5°C and maintained for over 24

hours at 5°C after the harvesting.
DISCUSSION

No differences were noted in TM, PM and RAP
between G1 and G2 samples. These results agree
with those reported by Monteiro et al. (2011a),
where a similarity in the Kkinetic parameters
between the ejaculated and epididymal sperm
was observed before freezing.

However, after 24 and 48 hours of storage, the
epididymal sperm demonstrated higher motility
parameters when compared to the ejaculated
sperm. Data previously reported by Aurich et al.
(1996) demonstrated that, in stallions with a
decreased resistance to freezing, deleterious
effects on sperm viability were noted when more
than 20% of the seminal plasma was present.
Sperm viability in the present study may have
been better because sperm recovered from the
epididymal cauda does not have any contact with
seminal plasma. These findings are similar to
those reported by Monteiro et al. (2011b), who
observed increased viability in the epididymal
sperm of subfertile stallions, both before freezing
and after thawing, when compared to ejaculated
sperm.

The increased success reported when using
epididymal sperm suggests that seminal plasma
leads to a decrease in sperm motility parameters
during storage at low temperatures. This
hypothesis is supported by studies that
demonstrated that certain proteins of the seminal
plasma can promote biochemical changes,
causing damage to the plasma membrane,
leading to decreases in sperm freezability and
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fertility (Moore and Hibbit, 1976; Moustafa and
Mezaros, 1981).

The seminal plasma of stallions has a high
concentration of sodium when compared to the
other species (Mann, 1981). This peculiarity can
affect the sperm quality because high levels of
Na™ and K" can induce spontaneous lipid
peroxidation in the sperm’s membrane (Alvarez
and Storey, 1982). Therefore, it is possible that
the electrolytes in the seminal plasma may have
contributed to the decrease in motility parameters
and membrane integrity of the ejaculated sperm
in this study. This hypothesis is supported by
Kareskoski et al. (2005) who demonstrated that
the pre-sperm fluid of stallions has a high
concentration of CI" and Na'™, and these
substances are reported to be detrimental to
sperm survival during the cooling and storage
process (Nishikawa, 1959; Padilla and Foote,
1991; Kareskoski et al., 2006). Additionally,
Monteiro et al. (2011) observed higher amount
of bent tails and consequently lower total and
progressive motility of ejaculated sperm when
compared to epididymal sperm.

In the present study, G1 samples demonstrated
lower rates of membrane integrity in relation to
epididymal sperm from G2 and G3. These
findings agree with those reported by Barrier-
Battut et al. (2010) who demonstrated that the
removal of seminal plasma, before cooling to
4°C for 48 hours, increased the stability of the
plasma membrane. These results were obtained
by evaluating the number of reactive sperm after
a hyposmotic test.
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CONCLUSIONS

Sperm recovered from the epididymal cauda of
stallions are more resistant to the process of
cooling, and the kinetic parameters and PMI
increases as compared to ejaculated sperm.
Furthermore, this study demonstrates that even
after the death of a stallion, it is possible to
preserve genetic material through the process of
cooling.
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