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ABSTRACT

Sichtat J., Nehasilova A., Simonik O., Bubeni¢kova E. (2017): Effect of two freezing extenders on characteristic
of fresh and frozen-thawed semen in endangered Old Kladruber stallions — A pilot study. Czech J. Anim.
Sci., 62, 227-233.

The aim of the study was to evaluate the effect of two different extenders on sperm characteristic before equili-
bration and post-thaw in the endangered Old Kladruber stallions. Also, the response of individual stallions to the
extenders used was tested. Semen was collected from six stallions every other day within one week. After centrifu-
gation of the collected sperm-rich fraction, the supernatant was removed and sperm pellets were divided to two
aliquots; these were diluted either with Gent (Minitube, Germany) or privately manufactured lactose-EDTA-egg
yolk extender (Lact). Three cryopreserved insemination doses (IDs) from each extender (Gent and Lact) were
prepared for each stallion from one collection (108 samples from six stallions in total). As a parameter of quality,
the motility (computer assisted sperm analysis), viability (fluorescence staining), and morphology (eosin/nigros-
ine staining) were evaluated after dilution with freezing extenders (fresh) and after thawing (frozen-thawed).
The different effects of chosen extenders on the quality of fresh semen were only manifested in higher kinematic
parameters of sperm when the Lact extender was used. However, in frozen-thawed samples, the Gent extender
yielded significantly better results in all of the evaluated parameters. The representation of sperm subpopulation
was significantly influenced by extender in fresh as well as frozen-thawed samples; moreover, we found a signifi-
cant effect of freezing on the distribution of these subpopulations. The response of individual stallions to chosen
extenders was evident in the different quality of fresh as well as frozen-thawed IDs; Gent extender yielded better
frozen-thawed IDs. Based on our results, among others describing quality parameters of ejaculate in endangered
Old Kladruber stallions, we can recommend using Gent extender for the production of frozen-thawed IDs.

Keywords: reproduction; horse; sperm; cryopreservation; semen extender

The Old Kladruber horse has been bred in the Czech ~ (Hofmanova et al. 2015). Since the population of this
Republic for more than four hundred years. This  gene resource breed is small, preservation of breeding
breed, with unique characteristics and high cultural — material (i.e. sperm) is crucial for the preservation
and historical value (Vostra-Vydrova et al. 2016),is  and protection of this baroque breed for the future.
an important gene resource of the Czech Republic Long-term preservation of sperm is possible via
and the population has been fully closed since 2002  cryoconservation. Based on the subjective experi-

Supported by the Ministry of Agriculture of the Czech Republic (Project No. QJ1330189) and by the Internal Grant
Agency of the Czech University of Life Sciences Prague (CIGA) (Project No. 20162026).

227



Original Paper

Czech ]. Anim. Sci., 62, 2017 (6): 227233

ence of a manager of the only facility in the Czech
Republic dealing with cryoconservation of this
breed, these stallions are mostly “poor” freezers
(Muller, pers. comm.). This might be a conse-
quence of pedigree, as Squires (2013) reported
the poorest quality in the Friesian, Andalusian,
and Saddlebreds; moreover, quite high inbreeding
depression in this breed (Vostra-Vydrova et al.
2016) might negatively interfere with reproduc-
tion (Roldan et al. 2006)

Even though the cryopreservation process was
introduced many years ago, the possibility of in-
creasing effectiveness has been studied intensively
across species since that time (Muchlisin et al.
2015; Zhang et al. 2015). Although our knowledge
and techniques for freezing stallion ejaculate have
improved within the last 20 years, a considerable
proportion of stallions are still not suitable for
semen freezing (Katila 2001).

The most likely reason for this is considerable
variation among individual stallions in how well
their semen retains its fertilizing capacity after
freezing and thawing. One of the possible ap-
proaches in enhancing the quality of cryopreserved
semen is the selection of only males with high
quality ejaculate. However, when the ejaculate of
stallions belonging to genetic reserves needs to
be frozen, the selection of stallions is impossible.
Even though some stallions can have problems
with cryotolerance, it is only a matter of finding
a suitable freezing extender to produce fertile
frozen insemination doses (Loomis and Graham
2008). Generally, one would test freeze semen
in several extenders and then determine which
extender provides the highest post-thaw motil-
ity (Squires 2013). That extender would then be
used to freeze all of the semen for that particular
stallion. However, testing frozen-thawed semen
is economically demanding, time-consuming,
and laborious. Therefore, it would be more effec-
tive to choose the most suitable extender already
before the semen is cryopreserved. In the case of
the endangered Old Kladruber stallions, which
are collected fitfully and where different stallions
are introduced every time, the individual response
to extender immediately after dilution might be
useful knowledge for the subsequent production
of cryopreserved semen.

Therefore, the aim of the study was to evaluate
the effect of two different extenders on sperm
characteristic before equilibration and post-thaw in
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the endangered Old Kladruber stallions. Moreover,
the response of individual stallions to extenders
used was also tested.

MATERIAL AND METHODS

Semen collection. The collection of ejaculate was
performed in a certified equine reproductive centre
(ERC s.r.o0., Pardubice-Mnétice, Czech Republic).
Before experimental collection, each stallion was
collected 3—4 times. Semen (only sperm-rich frac-
tion) used for this experiment was collected using
the open type of artificial vagina; six stallions of
the Old Kladruber horse breed were collected
three times per week (Monday, Wednesday, and
Friday) in the presence of a mare in heat.

Semen processing. Immediately after collection,
the semen volume (laboratory scale; Minitube,
Germany), concentration (Photometer SDM 1;
Minitube), and motility of sperm (Eclipse E600;
Nikon, Japan) were evaluated. Collected sperm-rich
fractions were pre-diluted with a skim milk-based
extender and centrifuged at 650 g for 15 min. After-
wards, supernatant was removed and sperm pellets
were divided into two aliquots which were diluted
either with extender Gent (Minitube) or a privately
manufactured (in ERC s.r.0.) lactose-EDTA-egg
yolk extender (Lact) consisting of lactose, distilled
water, glycerol, buffers, antibiotics, EDTA, and 20%
(v/v) egg yolk. Extended ejaculates produced in
this way were diluted to a final concentration of
at least 350 x 10° of progressively motile sperm/
insemination dose (ID) and loaded into 0.5 ml
straws. Then, the straws were equilibrated at 5°C
for 2 h and horizontal freezing was performed in
a Styrofoam box (Animal Reproduction Systems,
USA). Straws were thawed at 37°C for 30 s. Three
ID from each extender (Gent and Lact) were pre-
pared for each stallion from one collection (i.e.
18 samples per stallion during collections each
week, amounting to 108 samples for six stallions).

Sperm quality parameters assessment. The
qualitative parameters were evaluated in fresh
sperms 10—15 min after freezing extenders addi-
tion and in frozen-thawed samples after 5 min of
incubation at 37°C.

Computer-assisted sperm analysis. The motil-
ity of sperm was measured using a CASA module
(Nis-Elements, Version 4.30; Laboratory Imaging,
Czech Republic). The evaluation was based on the
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analysis of 41 consecutive, digitized images, which
were taken at a time lapse of 0.66 s with a camera
at a frequency of 60 fps (DMK 23UMO021; Imaging
Source, Germany). Then, a 3 pl drop of each semen
sample was placed in a 37°C pre-warmed Makler
chamber (Sefi-Medical Instrument, Israel) and six
fields per sample were evaluated using phase con-
trast microscopy (Eclipse E600; Nikon) equipped
with a heating plate pre-warmed at 37°C at 100x
magnification. The following motility parameters
were evaluated: total motility (TMOT, %), progres-
sive motility (PMOT, %), straightness coefficient
(STR, %), average path velocity (VAP, um/s), cur-
vilinear velocity (VCL, pm/s), and straight line
velocity (VSL, um/s). The threshold values of STR
and VAP for progressive motility were 50% and
30 um/s, respectively. The sperm were considered
motile when VAP > 15 um/s. The distribution of
sperm into slow, moderate, and rapid subpopula-
tions was based on mean values of STR, VAP, VCL,
and VSL after clustering analysis (see Statistical
analysis).

Viability. Overall, 100 pl of sperm suspension
was incubated with staining solution consist-
ing of 1 ul of 0.3% formaldehyde, 2.1 pl of car-
boxyfluorescein diacetate (CFDA) (0.46 mg/ml
of dimethyl sulfoxide) (Sigma-Aldrich, USA), and
2.1 pl of propidium iodide (PI) (0.5 mg/ml of physi-
ologic solution) (Sigma-Aldrich). The percentage
of live sperm was evaluated under a fluorescent
microscope Eclipse E600 (Nikon) counting at least
200 sperm per slide.

Morphology. Sperm morphology was exam-
ined by light microscopy (Eclipse E600; Nikon) of
smears stained with eosin and nigrosine (Brito et
al. 2011). At least 200 sperm per slide were counted
to determine the percentage of morphologically
normal sperm.

Statistical analysis. Data were statistically eval-
uated using STATISTICA software (Version 10,
StatSoft, CZ). The effect of Gent and Lact ex-
tender on TMOT, PMOT, chosen kinematic pa-
rameters, viability, and morphology were evaluated
with the Student’s ¢-test. For motility evaluation,
k-means cluster analysis was used to classify sperm
into subpopulations. The Euclidean distances
were computed from four variables — STR, VAP,
VCL, and VSL. To determine differences between
subpopulations, the x* test was used. Data were
evaluated at the P < 0.05 level and are presented
as Least Squares Means (LSM) * standard error
of the means (SEM).

RESULTS

The aim of this study was to evaluate the effect
of two freezing extenders on the functional char-
acteristics of fresh extended and frozen-thawed
sperm in the Old Kladruber stallions, also with
focus on the response of individual stallions.

The total (TMOT) and progressive (PMOT)
motility of sperm in fresh samples extended with
Gent and Lact after centrifugation (Table 1) did

Table 1. Parameters of ejaculates extended after centrifugation either with Gent or Lactose extender (mean + SEM)

Fresh Gent! Fresh Lact? F-T Gent! F-T Lact?
TMOT (%) 70.3 £ 4.1 79.9 £ 3.4 28.9 + 1.9 16.9 + 1.3"
PMOT (%) 53.4 + 3.7 57.6 + 3.6 23.1+ 154 13.1 +1.1P
STR (um/s) 72.8 £0.2 73.4 + 0.2 86.0 + 0.1 82.9 + 0.28
VAP (um/s) 98.1 + 0.3 99.8 + 0.3" 75.9 + 0.3% 67.9 + 0.4°
VCL (um/s) 178.4 + 0.6 161.4 + 0.5° 136.6 + 0.5% 133.2 + 0.8"
VSL (um/s) 73.6 £ 0.42 75.5 + 0.3 67.2 + 0.3 59.1 + 0.4
Live sperm (%) 86.6 + 1.2 81.9+2.8 48.3 + 1.74 41.7 £2.08
Normal sperm (%) 75.7 + 1.7 80.1 +1.8 75.6 £ 1.4 73.8 £ 1.1

TMOT = total motility, PMOT = progressive motility, STR = straightness coefficient, VAP = average path velocity, VCL =

curvilinear velocity, VSL = straight line velocity

a’bsigniﬁcant differences in a row between fresh samples (P < 0.05)

ABsignificant differences in a row between frozen-thawed (F-T) samples (P < 0.05)

lexcept the percentage of normal sperms, all evaluated parameters significantly differ between Fresh Gent and frozen-thawed

(F-T) Gent samples (P < 0.05)

Zall evaluated parameters significantly differ between Fresh Lact and frozen-thawed (F-T) Lact samples (P < 0.05)
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not differ (P = 0.07 and P = 0.41, respectively).
The cryoconservation significantly decreased
the TMOT and PMOT when Fresh Gent and
Frozen-Thawed Gent (F-T Gent), Fresh Lact and
Frozen-Thawed Lact (F-T Lact) were compared
(P <0.05). Frozen-thawed samples extended with
Gent maintained significantly higher TMOT and
PMOT compared to Lact samples (P < 0.05).

The STR values were similar in fresh Gent and
Lact extender (P = 0.64). The VAP and VSL were
significantly lower in Gent compared to Lact
(P <0.05), whereas the VCL was significantly higher
in Gent (P < 0.05). In frozen-thawed samples, all
kinematic parameters were significantly higher in
Gent compared to Lact samples (P < 0.05).

The percentage of live sperms in samples ex-
tended either with Gent or Lact did not differ
(P =0.13) (Table 1) and the situation was similar
when the percentage of normal sperm was evalu-
ated (P = 0.08). In frozen-thawed samples, all
evaluated parameters were significantly higher in
Gent compared to Lact extender (P < 0.05), except
for the percentage of normal sperm (P > 0.05)
(Table 1).

In fresh samples, the percentage of sperm be-
longing to slow and moderate subpopulation was
significantly lower and higher in Gent compared
to Lact extender, respectively (P < 0.05) (Figure 1).
The proportion of sperm clustered in the rapid
subpopulation did not differ between Gent and
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Lact in fresh samples (P > 0.05). There were sig-
nificantly less and more sperm in the slow and
rapid subpopulations in frozen-thawed samples
extended with Gent compared to Lact (P < 0.05).
The cryopreservation process significantly in-
creased slow and rapid and decreased the moderate
subpopulation in F-T Gent compared to Fresh Gent
samples. The situation was similar in Lact samples,
except that the proportion of rapid subpopulation
did not change between Fresh and F-T samples.

The influence of individual stallion on TMOT,
PMOT, live and normal sperm is shown in Sup-
plementary Table S1. In fresh samples, the TMOT
was affected by extender in two out of six stallions
with significantly higher values in both cases when
Lact extender was used (P < 0.05). We did not
observe any effect of extender in individual stal-
lions on PMOT in fresh samples. The percentage
of live and normal sperm in fresh samples was
significantly influenced by extender type in stal-
lion No. 5 and 4, respectively. In frozen-thawed
samples the TMOT significantly differed between
Gent and Lact extender in three stallions; in all
cases, Gent was superior (P < 0.05). The PMOT
was significantly higher in Gent samples in three
stallions compared to Lact samples (P < 0.05).
Similarly to fresh samples, the frozen-thawed
samples reached a similar percentage of live sperm,
except stallion No. 3, where the ratio increased
by 12% in Gent extender.

] Slow g Moderate pgRapid

Fresh Gent

Fresh Lact

F-T Gent F-T Lact

Category of sample and extender

Figure 1. Distribution of sperm subpopulations (slow, moderate, rapid) in fresh and frozen-thawed samples extended

with either Gent or Lact extender

absignificant differences within individual subpopulations between Fresh Gent and Fresh Lact samples (P < 0.05)
***significant differences within individual subpopulations between frozen-thawed (F-T) Gent and Lact samples (P < 0.05)
L2significant differences within individual subpopulations between fresh and frozen-thawed (F-T) Gent and Lact

samples (P < 0.05)
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The effect of stallion on the percentage of sperm
belonging to slow, moderate, and rapid categories
of movement in samples extended with either Gent
or Lact is presented in Supplementary Table S2. The
proportion of the slow subpopulation in fresh Gent
and Lact samples differed significantly in individual
stallions. In five out of six and four out of six stal-
lions, we found a lower representation of slow and
moderate subpopulations, respectively, in the Gent
samples (P < 0.05). In two out of five stallions, the
rapid subpopulation significantly increased in Gent
and in three out of five stallions in Lact extender
(P < 0.05). When the effects of different extenders
on the distribution of sperm in subpopulations in
frozen-thawed samples were analyzed, we found
very equal patterns. A significantly lower ratio of
the slow subpopulation was found in three stallions
in Gent and three stallions in Lact (P < 0.05). The
proportion of the moderate subpopulation differed
between extenders in two stallions; one had better
results with Gent and one with Lact. In three out of
six stallions, the rapid subpopulation was significantly
increased in Gent and it was significantly increased
in three out of six stallions in Lact extender.

DISCUSSION

The immediate effect of two freezing extenders
on total and progressive motility in Old Kladruber
stallion fresh sperm samples was not manifested
10-15 min after dilution in the present study.
The same results were published by Mantovani
et al. (2002) in stallions and Jerez et al. (2016) in
rams. Phetudomsinsuk et al. (2009) also did not
observe any effect of various freezing extenders
on the mentioned parameters in stallions, even
after 3 h of storage at 5°C. Although the effect of
extenders on total and progressive motility was
not as clear when fresh samples were evaluated in
frozen-thawed samples, Gent explicitly dominates
over Lact extender. Moreover, the quality of frozen-
thawed semen in Old Kladruber stallions presented
in this study is relatively low, even when the fresh
semen fulfilled the criteria for quality ejaculate after
centrifugation and dilution (Loomis and Graham
2008). This distinct decrease of quality is probably
a consequence of osmotic stress, which could be
reduced for example with the addition of low mo-
lecular weight amides such as cryoprotectants to
extenders (Alvarenga et al. 2005), whose positive

effect on cryosurvival was also proven in the highly
endangered Przewalski’s horse (Pukazhenthi et al.
2014). Moreover, an increased freezing potential
of poor freezing stallions when amides are used is
expected (Pena et al. 2011).

It is meaningful to also evaluate CASA kinematic
parameters when the effect of different types of
extenders on sperm quality needs to be evaluated
objectively (Folkova et al. 2016). In the ejaculates
from the Old Kladruber stallions, the VAP, VCL,
and VSL significantly differed between chosen ex-
tenders immediately after dilution. Interestingly, the
differences in VAP and VSL were higher in Lact by
1.7 and 1.9 um/s, respectively, but VCL was higher
by 17 um/s in Gent. In full size purebred stallions,
only VCL was affected by extender after 3 h of
incubation at 5°C (Phetudomsinsuk et al. 2009),
suggesting the possibly higher sensitivity to semen
extender composition in Old Kladruber stallions.
Clearly higher values of VCL in ejaculates where
Gent extender was used might provide useful infor-
mation on better cryotolerance (Ortega-Ferrusola
et al. 2009) and fertilizing ability (De Geyter et al.
1998) of sperm diluted with this extender. This
was supported in our study because Gent extender
maintained post-thaw motility at a significantly
higher level than Lact extender.

Even though the immediate influence of extend-
ers used in this study on kinematic parameters
of sperm was manifested, we did not see such an
effect on the viability and morphology of sperm.
Similarly, Phetudomsinsuk et al. (2009) reported
that there was no effect of different freezing extend-
ers on viability after 3 h of incubation. Moreover,
the situation was similar (no effect on viability
and morphology) when different extenders were
used for the production of cooled semen (Pugliesi
et al. 2012). Similarly to our results, viability was
affected by extender in frozen-thawed semen also
in the study by Morrillo Rodriguez et al. (2011).

In light of the practical utilization of CASA
outputs and the fact that ejaculate consists of het-
erogeneous populations of sperm whose analyses give
us better biological meaning (Simonik et al. 2015),
the representation of three subpopulations of sperms
(slow, moderate, and rapid) in extended ejaculates
was evaluated in the present study. Moreover, for
the first time, we published data concerning the
effect of different extenders on sperm subpopula-
tion distribution in fresh and subsequently frozen-
thawed stallions’ ejaculate. In fresh samples where

231


http://www.agriculturejournals.cz/publicFiles/215578.pdf

Original Paper

Czech ]. Anim. Sci., 62, 2017 (6): 227233

Gent extender was used, the percentage of sperm
in the slow subpopulation decreased while the
proportion of sperm in the moderate subpopula-
tion increased compared to in the Lact extender.
Nevertheless, the rapid subpopulation was not af-
fected by the examined extenders, which could imply
the similar fertilizing potential of sperm diluted
with either Gent or Lact as a positive relationship
of the representation of subpopulations with the
highest velocity values with fertilizing ability is
suggested (Quintero-Moreno et al. 2003). However,
this suggestion was not proved in our study. In
frozen-thawed samples where Gent extender was
used, the proportions of slow, moderate, and rapid
subpopulations were lower, the same, and higher,
respectively, compared to the Lact extender. In
general, changes in sperm subpopulation distribu-
tion between Gent and Lact frozen-thawed samples
were not as remarkable as marked differences in
total and progressive motility, which indicates that
the freezing process primarily reduced the number
of motile sperm; however, kinematic patterns are
more or less sustained.

In the case of males belonging to endangered
species or genetic reserves, every ejaculate needs
to be processed for the preparation of frozen ID
(Roldan et al. 2006). Thus, choosing the most suit-
able extender for individual stallions is a crucial
step (Graham 1996). In the case of Old Kladruber
stallions, we found that in four out of six stallions
(67%) the fresh sperms maintained similar total
motility in both extenders. Progressive motility
was not affected and the percentage of live and
morphologically normal sperm in individual stal-
lions was in general the same, therefore we are not
able to detect any extender preferences in fresh
samples. The situation changed after freezing-
thawing; the Gent extender maintained significantly
higher total and progressive motility in three and
three stallions, respectively.

Evaluation of CASA-derived kinematic param-
eters revealed significant differences between
extenders when fresh and frozen-thawed samples
were evaluated in individual stallions, which cor-
responds to individual differences in other breeds
(Ortega-Ferrusola et al. 2009; Rezagholizadeh et
al. 2015). The determination of slight changes
in sperm motility is one of the advantages of the
CASA system (Verstegen et al. 2002). Therefore,
we highly recommend its use as an equivalent to
subjective analysis when highly valuable stallions
are tested for extender preference, because we
gained better knowledge about the preference in
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individual stallions in our study when STR, VAP,
VCL, and VSL were taken into account.

We found a significant effect of extender in indi-
vidual stallions regarding the distribution of sperm
subpopulations; however, there was no clear pattern
in fresh samples, similar to kinematic parameters. In
frozen-thawed samples, the distribution of sperms
into slow, moderate, and rapid subpopulations was
equal for individual stallions between the tested
extenders. The effect of stallion on the distribu-
tion of sperm subpopulations was also published
by Ortega-Ferrusola et al. (2009). The relationship
between slow, moderate, and rapid subpopulations
of sperm and fertility in vivo is unclear; however,
Gibb et al. (2014) highlighted a positive relation-
ship of rapidly moving sperm and pregnancy rates
in mares. A promising method to decrease the
individual response of stallions to semen extenders
could be the involvement of Caceres extender in
the freezing program of Old Kladruber stallions,
which, according to Morillo Rodriguez et al. (2011),
diminished stallion-to-stallion variability when
they compared this extender to Gent in their study.

In conclusion, this study demonstrates the im-
mediate effect of two extenders on kinematic pa-
rameters of fresh sperm in stallions belonging to the
Old Kladruber horse breed. The quality of frozen-
thawed semen was better when Gent extender was
used in general. The preference of stallions for ex-
tender when fresh samples were evaluated was not
as clear as in frozen-thawed samples where Gent
extender showed better results. However, if there
is an effort to increase the quality of frozen-thawed
semen in Old Kladruber stallions, the techniques for
the selection of the best quality sperm from fresh
ejaculate could help reach this goal (Morrell 2012).

REFERENCES

Alvarenga M.A., Papa F.O., Landim-Alvarenga F.C., Medei-
ros A.S. (2005): Amides as cryoprotectants for freezing
stallion semen: a review. Animal Reproduction Science,
89, 105-113.

Brito L.F.C., Greene L.M., Kelleman A., Knobbe M., Turn-
er R. (2011): Effect of method and clinician on stallion
sperm morphology evaluation. Theriogenology, 76,
745-750.

De Geyter C., De Geyter M., Koppers B., Nieschlag E.
(1998): Diagnostic accuracy of computer-assisted sperm
motion analysis. Human Reproduction, 13, 2512-2520.

Folkova P, Sichtar J., Simonik O., Dokoupilova A., Raj-
mon R. (2016): Changes in quality of native and frozen-



Czech |. Anim. Sci., 62, 2017 (6): 227-233

Original Paper

doi: 10.17221/76/2016-CJAS

thawed semen in relation to two collections performed
in a 24-hour interval and addition of clarified egg yolk
to extender. Scientia Agriculturae Bohemica, 47, 60—67.

Gibb Z., Lambourne S.R., Aitken R.J. (2014): The paradoxi-
cal relationship between stallion fertility and oxidative
stress. Biology of Reproduction, 91, 1-10.

Graham J.K. (1996): Cryopreservation of stallion sperma-
tozoa. Veterinary Clinics of North America - Equine
Practice, 12, 131-147.

Hofmanova B., Vostry L., Majzik I., Vostra-Vydrova H.
(2015): Characterization of greying, melanoma, and viti-
ligo quantitative inheritance in Old Kladruber horses.
Czech Journal of Animal Science, 60, 443-451.

Jerez R., Gonzalez N., Olaciregui M., Luno V., de Blas L,
Gil L. (2016): Use of soy milk combined with different
cryoprotectants for the ram semen cryopreservation.
Small Ruminant Research, 134, 34-38.

Katila T. (2001): In vitro evaluation of frozen-thawed stallion
semen: a review. Acta Veterinaria Scandinavica, 42, 199-217.

Loomis P.R., Graham J.K. (2008): Commercial semen freez-
ing: individual male variation in cryosurvival and the
response of stallion sperm to customized freezing proto-
cols. Animal Reproduction Science, 105, 119-128.

Mantovani R., Rota A., Falomo M.E., Bailoni L., Vincenti L.
(2002): Comparison between glycerol and ethylene glycol
for the cryopreservation of equine spermatozoa: semen
quality assessment with standard analyses and with the
hypoosmotic swelling test. Reproduction Nutrition De-
velopment, 42, 217-226.

Morillo Rodriguez A., Ortega Ferrusola C., Macias Gar-
cia B., Morrell J.M., Martinez H.R., Tapia J.A., Pena EJ.
(2011): Freezing stallion semen with the new Caceres
extender improves post thaw sperm quality and dimin-
ishes stallion-to-stallion variability. Animal Reproduction
Science, 127, 78—83.

Morrell ].M. (2012): Stallion sperm selection: past, present,
and future trends. Journal of Equine Veterinary Science,
32, 436—-440.

Muchlisin Z.A., Nadiah W.N., Nadiya N., Fadli N., Hendri A.,
Khalil M., Siti-Azizah M.N. (2015): Exploration of natural
cryoprotectants for cryopreservation of African catfish,
Clarias gariepinus, Burchell 1822 (Pisces: Clariidae) sper-
matozoa. Czech Journal of Animal Science, 60, 10-15.

Ortega-Ferrusola C., Macias Garcia B., Suarez Rama V.,
Gallardo-Bolanos ].M., Gonzalez-Fernandez L., Tapia J.A.,
Rodriguez-Martinez H., Pena F.J. (2009): Identification
of sperm subpopulations in stallion ejaculates: changes
after cryopreservation and comparison with traditional
statistics. Reproduction in Domestic Animals, 44, 419-423.

Pena F.J., Macias Garcia B., Samper ].C., Aparicio I.M., Tapia
J.A., Ortega Ferrusola C. (2011): Dissecting the molecular
damage to stallion spermatozoa: The way to improve
current cryopreservation protocols? Theriogenology,
76,1177-1186.

Phetudomsinsuk K., Sirinarumitr K., Choothesa A., Suthan-
mapinunt P., Kornkaewrat K., Laikul A., Amornsak S.,
Pinyopummin A. (2009): Freezability of Thai native cross-
bred horse semen in different extenders. Thai Journal of
Veterinary Medicine, 39, 105—-114.

Pugliesi G., de Carvalho G.R., Rates D.M., Ker P.G., da
Matta M.P,, de Oliveira R.R., da Silva Filho J.M. (2012):
Viability and fertility of cooled equine semen diluted
with skimmed milk or glycine egg yolk-based extenders.
Revista Brasileira De Zootecnia — Brazilian Journal of
Animal Science, 41, 2411-2417.

PukazhenthiB.S., Johnson A., Guthrie H.D., Songsasen N., Pa-
dillaL.R., Wolfe B.A., Coutinho da Silva M., Alvarenga M.A.,
Wildt D.E. (2014): Improved sperm cryosurvival in diluents
containing amides versus glycerol in the Przewalski’s horse
(Equus ferus przewalskii). Cryobiology, 68, 205-214.

Quintero-Moreno A., Miro J., Rigau A.T., Rodriguez-Gil
J.E. (2003): Identification of sperm subpopulations with
specific motility characteristics in stallion ejaculates.
Theriogenology, 59, 1973-1990.

Rezagholizadeh A., Gharagozlou F.,, Niasari-Naslaji A., Akbar-
inejad V., Ziapour S. (2015): Evaluation of sperm character-
istics in Caspian stallions using computer-assisted sperm
analysis. Journal of Equine Veterinary Science, 35, 505-509.

Roldan E.R.S., Gomendio M., Garde].J., Espeso G., Ledda S.,
Berlinguer F., del Olmo A., Soler A.J., Arregui L., Crespo
C., Gonzalez R. (2006): Inbreeding and reproduction in
endangered ungulates: preservation of genetic variation
through the organization of genetic resource banks. Re-
production in Domestic Animals, 41, 82-92.

Simonik O., Sichtar J., Krejcarkova A., Rajmon R., Stadnik
L., Beran]., Dolezalova M., Biniova Z. (2015): Computer
assisted sperm analysis — the relationship to bull field
fertility, possible errors and their impact on outputs:
a review. Indian Journal of Animal Sciences, 85, 3—11.

Squires E. (2013): Semen cryopreservation — challenges and
perspectives. Revista Brasileira de Reproducao Animal,
37,136-139.

Verstegen J., Iguer-Ouada M., Onclin K. (2002): Computer
assisted semen analyzers in andrology research and vet-
erinary practice. Theriogenology, 57, 149-179.

Vostra-Vydrova H., Vostry L., Hofmanova B., Krupa E.,
Zavadilova L. (2016): Pedigree analysis of the endangered
Old Kladruber horse population. Livestock Science, 185,
17-23.

Zhang X.G., HongJ.Y,, Yan G.J., Wang Y.F,, Li Q. W., Hu J.H.
(2015): Association of heat shock protein 70 with motility
of frozen-thawed sperm in bulls. Czech Journal of Animal
Science, 60, 256—-262.

Received: 2016—-09-05
Accepted after corrections: 2016—-12-20

233



