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ABSTRACT

The aim of this study was to observe the effect of selected biochemical parameters of seminal plasma on motility parameters of stallion
spermatozoa. Fresh semen was collected from 12 breeding stallions at National Stud Farm in Topol¢ianky in age of 5-26 years. Semen
was divided in two aliquots. One part of ejaculate was centrifuged (15 minutes at 1000 x g) and the supernatant was separated. The
supernatant was frozen and stored at —18°C until analysis. Other part of ejaculate was diluted with physiological solution in ratio 1:3 and
stored at 7°C before CASA analysis. Later ejaculates were cultivated at temperature 38°C and total motility, progressive motility and
velocity curved line were determined using CASA method at time intervals 0, 1, 2, 3, 6, 24 hours. Assessment of biochemical
parameters was realized by Randox RX Monza analyzer. The correlation analysis showed a statistically significant (P<0.05) effect of
Mg and Ca on spermatozoa motility. Further, positive significant (P<0.05) correlation was found between Mg and progressive motility.
No correlation was found between biochemical parameters of stallion seminal plasma and velocity curved line (VCL). Results indicate
that optimal concentration of calcium and magnesium in seminal plasma has beneficial effect on motility parameters of stallion

spermatozoa. This phenomenon might be on focus, to improve the percentage of pregnant mares.
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INTRODUCTION

Horses are unique among domestic animals because their selection for breeding
is based on genetics, sport performance and fertility. With increased trend of
reproductive technologies and transporting of semen is necessary to monitor
stallion fertility (Novak et al., 2010). Application of assisted reproductive
technologies in stallion reproduction, such as artificial insemination, increased its
tendency in the last 25 years. A lot of factors can effect successful artificial
insemination (Waheed et al., 2011). The primary factors affecting fertility using
artificial insemination (Al) are number and quality of spermatozoa in the
insemination dose, timing and frequency of insemination, seminal extenders,
seminal handling and equipment (Pickett and Shiner, 1994). Stallion ejaculates
contain variable portion of motile and normal morphology spermatozoa along
with spermatozoa unable of fertilization (Krakowski et al., 2015).

Seminal plasma stimulates spermatozoa motility during the ejaculation and takes
care about protection against negative influence of environmental factors
(Blaszezyk et al., 2013). However, during in vitro storage spermatozoa are not
protected by seminal plasma. Addition of semen extender to dilute toxic elements
in seminal plasma is frequent (Morrel, 2011). The seminal fluid is composed of
secretions of different glands of the male reproductive system such as the seminal
vesicles, bulbourethral gland and prostate. Its biochemical constitution variously
affects many sperm functions. Seminal plasma not only activates the
spermatozoa, but also plays role of transport medium to carry the spermatozoa
into the female reproductive tract (Krakowski et al., 2015). Further seminal
plasma can affect spermatozoa morphology, motility, acrosome reaction and
fertility. It is known that the seminal plasma include substances that support the
sperm cells (Asadpour, 2012). In seminal plasma is energy source often present
in form of fructose, further contains proteins and various ions such as
magnesium, calcium, zinc (Morrel, 2011). Many components, have been
characterised which have been associated with either positive or negative effects
on reproductive system as well as on fertility (Maxwell et al., 2007, Halenar et
al., 2015, Halenar et al., 2017). On the other hand, many environmental
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contaminants can also significantly affected male reproductive system (Jambor
etal.,, 2016, 2017).

The aim of this study was to observe the effect of selected biochemical
parameters of seminal plasma on motility parameters of stallion spermatozoa.

MATERIAL AND METHODS
Semen collection and processing

Fresh semen was collected from 12 breeding stallions at National Stud Farm in
Topol'¢ianky in age of 5-26 years composed of following breeds: Hucul, Lipican,
Arab thoroughbred, Selle francaise, Shagya-arab, Holsteiner. Horses were stabled
in boxes with straw bedding and fed with oat and hay. Movement of stallions was
provided by carousel, where they walked one hour a day as well as by individual
field, where they stayed four hours a day. Semen was collected with lubricated
pre-warmed artificial vagina (Colorado model, Minitiib, Landshut, Germany)
after stimulation of stallion by mare situated close to the breeding phantom.
Semen was divided in two aliquots. Part of ejaculate was after collection
centrifuged (15 minutes at 1000 x g) and the supernatant was separated. The
supernatant was frozen and stored at —18°C until analyses. Other part of ejaculate
was diluted with physiological solution (NaCl 0.9% Braun, B. Braun Melsungen
AG, Germany) in ratio 1:3. Consequently, fresh semen was stored at 7°C during
the transport.

Motility analyses

Semen analyses were executed by Computer assisted semen analysis (CASA)
method with SpermVision software (Minitube, Tiefenbach, Germany) and the
microscope Olympus BX 51 (Olympus, Japan). Diluted semen samples were
placed into Makler counting chamber (Sefi-Medical Instrumets, Germany) with
volume of 10 pl heated to 37°C for each analysis. Evaluation of spermatozoa
motility was performed in six time periods (0, 1, 2, 3, 6, 24 hours). Quality of
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spermatozoa was measured by following parameters: motility (MOT),
progressive motility (PRO) and velocity curved line (VCL). CASA system is able
to make 30 pictures per second and all results are from 7 diverse sub-
measurements of 7 different fields of Makler Counting Chamber (Tirpak et al.,
2017; Del Gallego et al., 2017).

Biochemical analyses

Calcium (Ca), phosphorus (P), magnesium (Mg), urea (U), total proteins (TP),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), triglycerides
(TG) and cholesterol (CHOL) were measured using commercial Kits DiaSys
(Diagnostic Systems GmbH, Holzheim, Germany) on the Randox RX Monza
analyzer (Crumlin, United Kingdom) (Kovaéik et al., 2017).

Statistical analysis

All data were analyzed using the Statistical Analyses System (SAS 9.2. using of
application Enterprise guide 5.1). Pearson's correlations between motility
parameters and biochemical parameters were used. All statistical tests were
carried out at levels of significance at P<0.05, P<0.01 and P<0.001 and results
were interpreted as means and expressed with SD.

RESULTS AND DISCUSSION

One of the three aspects of present study was the spermatozoa motility. Total
motility in the initially measured time was on level of 50%, but progressive
motility percentage at the same time was only 10%. Results of stallion
spermatozoa motility and progressive motility showed decreasing trend in each
time interval. However, after 6 hours results showed rapid percentage drop-off in
spermatozoa parameters. Results of the stallion spermatozoa motility parameters
are summarized in the Figure 1.
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Figure 1 Motility (MOT) and progressive motility (PRO) of stallion spermatozoa
(n=12) in six time periods (0, 1, 2, 3, 6, 24 hours).

As described in Figure 2 the analysis of velocity curved line detected
approximately equal level in the first five measured time intervals. Velocity in
these time intervals was in range from 140 to 150 pm.s™. After 24 hours, rapid
decrease of spermatozoa quality was observed, reflecting the motility and
progressive motility. Results of present study suggest that spermatozoa without
conservative medium after 6 hours of storage have lower quality of spermatozoa.
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Figure 2 Velocity curved line (VCL) of stallion spermatozoa (n=12) in six time
periods (0, 1, 2, 3, 6, 24 hours).

Other aspect of present study was aimed on content of biochemical parameters in
stallion seminal plasma. Concentration of biochemical parameters in stallion
seminal plasma are presented in Table 1.

Table 1 Concentration of biochemical parameters in stallion seminal plasma

(n=12).
Parameter Mean S.D. CV %
Ca (mM/L) 1.332 1.241 93.174
P (mMI/L) 1.397 1.094 78.374
Mg (mMI/L) 2.482 1.137 45.826
TP (g/L) 11.398 6.519 57.191
UREA (mMI/L) 4112 0.443 10.771
ALT (ukat/L) 0.151 0.055 36.408
AST (ukat/L) 3.359 1.210 36.032
TG (mMI/L) 0.481 0.469 97.655
CHOL (mM/L) 0.135 0.118 87.207

Legend: S.D. — standard deviation, CV — coefficient of variation, Ca — calcium, P —
phosphorus, Mg — magnesium, TP — total proteins, ALT — alanine aminotransferase, AST —
aspartate aminotransferase, TG — triglycerides, CHOL — cholesterol.

Main aspect of present study was to describe effect of biochemical parameters on
stallion spermatozoa properties. Evaluation of the biochemical parameters
showed a positive significant correlation with motility and progressive motility
(Table 2). Nevertheless, only two elements correlated with motility parameters.
The correlation analysis showed a statistically significant (P<0.05) effect of Mg
(0.850) and Ca (0.848) on the spermatozoa moatility. Further, positive significant
(P<0.05) correlation was found between Mg (0.841) and progressive motility. No
correlation was found between biochemical parameters of stallion seminal
plasma and velocity curved line (VCL).

Table 2 Correlations between motility parameters and biochemical parameters of
stallion spermatozoa (n=12).

Parameter MOT (%) PRO (%) VCL (um.s™)
Ca (mM/L) 0.848* 0.58 0.42
P (mMIL) 0.24 0.48 0.54
Mg (mM/L) 0.850* 0.841* 0.74
TP (g/L) -0.60 -0.16 0.08
UREA (mM/L) -0.19 -0.03 -0.07
ALT (ukat/L) -0.49 -0.15 0.06
AST (ukat/L) -0.29 0.35 0.55
TG (MMIL) -0.07 -0.03 0.04
CHOL (mM/L) -0.06 0.34 0.48
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Legend: Ca — calcium, P — phosphorus, Mg — magnesium, TP — total proteins, ALT — alanine
aminotransferase, ~AST -  aspartate  aminotransferase, TG —  triglycerides,
CHOL - cholesterol, the level of significance was set at *P<0.05; **P<0.01; ***P<0.001.

According to Kareskovski and Katila (2008) number of researches described
negative effect of seminal plasma on storage of equine spermatozoa. Also
individual differences between stallions have impact on seminal plasma.

Detailed study of stallion semen was conducted by many researchers (K¥izkova
et al., 2017; Giaretta et al., 2017). Motility was controlled in different time
periods as in the study of other authors: Valsa et al., (2016) in human
spermatozoa and Slanina et al., (2015) in turkey spermatozoa. In comparison
with results of Krizkova et al., (2017), values of total motility in the initially
measured time (88%) were higher than in present study.

According to Valsa et al., (2016), prostate gland was main contributor of
magnesium and calcium in semen. Similar findings in concentration of calcium to
present results were claimed by Valsa et al., (2015, 2016). For comparison,
concentrations of calcium and magnesium in human seminal plasma were higher
in study of Wong et al.,, (2001) than in present study. Same findings in
concentration of calcium had Hamad et al., (2014). Further, magnesium in
stallion seminal plasma in results of Usuga et al., (2017) had higher
concentration compared to submitted results.

Excess exposure of magnesium and calcium especially ionised calcium in
seminal plasma correlate with infertility and may damage male reproductive
system (Pesch et al., 2006). Same findings to present study had Marzec-
Wroéblewska et at., (2012), that calcium and magnesium have positive effect on
motility and concentration of spermatozoa. Calcium in seminal plasma is
necessary for stimulation of steriodogenesis in Leyding cells of the testis
(Asadpour, 2012). Magnesium is a very important element in cell physiology,
which plays a role in spermatogenesis (Wong et al., 2001). According to Valsa et
al., (2016) magnesium engages in several functions of spermatozoa motility and
further stimulates ATPase. ATPase catalyse the decomposition of ATP and this
reaction releases energy.
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CONCLUSION

In conclusion, findings in the present study suggest that biochemical parameters
of stallion seminal plasma have effect on stallion spermatozoa. However, a
significant correlation was observed between calcium and motility further
between magnesium and motility and progressive motility. Results indicate that
optimal concentration of calcium and magnesium in seminal plasma have
beneficial effect on motility parameters of stallion spermatozoa. This
phenomenon might be taken into consideration in order to improve the
percentage of pregnant mares. Breeders of stallions should assecurate well-
balanced feed with vitamins and minerals. Studies on effects of biochemical
parameters of stallion seminal plasma to motility parameters of stallion
spermatozoa should be continued to ascertain impact of calcium and magnesium.

Acknowledgments: The research was financially supported by the VEGA
1/0760/15, VEGA 1/0857/14, APVV-16-0289, APVV-15-0544, KEGA
006/SPU-4/2015 and AgroBioTech Research Centre built in accordance with the
project Building ,,AgroBioTech" Research Centre ITMS 26220220180.

REFERENCES

Asadpour, R. (2012). Relationship between mineral composition of seminal
plasma and semen quality in various ram breeds. Acta Scientiae Veterinariae,
40(2).

Blaszczyk, M., Slanina, T., Massanyi, P., & Stawarz, R. (2013). Semen quality
assessment of New Zealand white rabbit bucks. The Journal of Microbiology,
Biotechnology and Food Sciences, 2(1), 1365-1376.

Del Gallego, R., Sadeghi, S., Blasco, E., Soler, C., Yaniz, J. L., & Silvestre, M.
A. (2017). Effect of chamber characteristics, loading and analysis time on
motility and kinetic variables analysed with the CASA-mot system in goat sperm.
Animal Reproduction Science, 177, 97-104.
https://doi.org/10.1016/j.anireprosci.2016.12.010

Giaretta, E., Munerato, M., Yeste, M., Galeati, G., Spinaci, M., Tamanini, C., &
Bucci, D. (2017). Implementing an open-access CASA software for the
assessment of stallion sperm motility: Relationship with other sperm quality
parameters. Animal Reproduction Science, 176, 11-19.
https://doi.org/10.1016/j.anireprosci.2016.11.003

Halenar, M., Medvedova, M., Maruniakova, N., & Kolesarova, A. (2015).
Assessment of a potential preventive ability of amygdalin in mycotoxin-induced
ovarian toxicity. Journal of Environmental Science and Health, Part B, 50(6),
411-416. https://doi.org/10.1080/03601234.2015.1011956

Halenar, M., Chrastinova, L., Ondruska, L., Juréik, R., Zbynovska, K.,
Kovacikova, E., Kovacik, A. & Kolesarova, A. (2017). The evaluation of
endocrine regulators after intramuscular and oral application of cyanogenic
glycosie amygdalin in rabbits. Biologia, 72(4), 468-
474. https://doi.org/10.1515/biolog-2017-0044

Hamad, A. W. R., Al-Daghistani, H. I., Shquirat, W. D., Dayem, M. A., & Al-
Swaifi, M. (2014). Sodium, potassium, calcium and copper levels in seminal
plasma are associated with sperm quality in fertile and infertile men.
Biochemistry and Pharmacology, 3(141), 2167-0501.
https://doi.org/10.4172/2167-0501.1000141

Kareskoski, M., & Katila, T. (2008). Components of stallion seminal plasma and
the effects of seminal plasma on sperm longevity. Animal Reproduction Science,
107(3), 249-256. https://doi.org/10.1016/j.anireprosci.2008.04.013

Jambor, T., Lukacova, J., Tvrda, E., Knazicka, Z., Forgacs, Z., & Luka¢, N.
(2016). The impact of 4-nonylphenol on the viability and hormone production of
mouse Leydig Cells. Folia Biologia (Praha), 62, 34-39.

Jambor, T., Tvrda, E., Tusimova, E., Kovacik, A., Bistakova, J., Forgacs, Z., &
Lukag, N. (2017). In vitro effect of 4-nonylphenol on human chorionic
gonadotropin (hCG) stimulated hormone secretion, cell viability and reactive
oxygen species generation in mice Leydig cells. Environmental Pollution, 222,
219-225. https://doi.org/10.1016/j.envpol.2016.12.053

Kovacik, A., Arvay, J., TuSimova, E., Harangozo, L., Tvrda, E., Zbynovska, K.,
& Massanyi, P. (2017). Seasonal variations in the blood concentration of selected
heavy metals in sheep and their effects on the biochemical and hematological
parameters. Chemosphere, 168, 365-371.
https://doi.org/10.1016/j.chemosphere.2016.10.090

Krakowski, L., Wachocka, A., Brodzki, P., Wrona, Z., Piech, T., Wawron, W., &
Chatabis-Mazurek, A. (2015). Sperm quality and selected biochemical
parameters of seminal fluid in dogs with benign prostatic hyperplasia. Animal
Reproduction Science, 160, 120-125.
https://doi.org/10.1016/j.anireprosci.2015.07.014

Kiizkova, J., Coudkové, V., & Marsalek, M. (2017). Computer-Assisted Sperm
Analysis of Head Morphometry and Kinematic Parameters in Warmblood
Stallions Spermatozoa. Journal of Equine Veterinary Science, 57, 8-17.
https://doi.org/10.1016/j.jevs.2017.05.012

Marzec-Wroblewska, U., Kaminski, P., & Lakota, P. (2012). Influence of
chemical elements on mammalian spermatozoa. Folia biologica, 58(1), 7.

518

Maxwell, W. M. C., De Graaf, S. P., Ghaoui, R. E., & Evans, G. (2007). Seminal
plasma effects on sperm handling and female fertility. Society of Reproduction
and Fertility supplement, 64, 13. https://doi.org/10.5661/rdr-vi-13

Morrell, J. M. (2011). Artificial insemination: current and future trends. In
Avrtificial insemination in farm animals. InTech. https://doi.org/10.5772/17943
Novak, S., Smith, T. A., Paradis, F., Burwash, L., Dyck, M. K., Foxcroft, G. R.,
& Dixon, W. T. (2010). Biomarkers of in vivo fertility in sperm and seminal
plasma  of  fertile  stallions.  Theriogenology,  74(6), 956-967.
https://doi.org/10.1016/j.theriogenology.2010.04.025

Pesch, S., Bergmann, M., & Bostedt, H. (2006). Determination of some enzymes
and macro-and microelements in stallion seminal plasma and their correlations to
semen quality. Theriogenology, 66(2), 307-313.
https://doi.org/10.1016/j.theriogenology.2005.11.015

Pickett, B. W., & Shiner, K. A. (1994). Recent developments in artificial
insemination in horses. Livestock Production Science, 40(1), 31-36.
https://doi.org/10.1016/0301-6226(94)90263-1

Slanina, T., Petrovi¢ova, L., Miskeje, M., Knizat, L., Mirda, J., Lukac¢, N., &
Massanyi, P. (2015). The effect of diluent, temperature and age on turkey
spermatozoa motility in vitro. Journal of Applied Animal Research, 43(2), 131-
136. https://doi.org/10.1080/09712119.2014.928627

Tirpak, F., Slanina, T., Kovadik, A., Ondruska, L., Massanyi Jr., P., Halo Jr., M.,
Massanyi, P. (2017). Low taurine concentrations possitively affect rabbit
spermatozoa properties in later time intervals. Journal of Microbiology,
Biotechnology and Food Sciences, 7 2), 128-131.
https://doi.org/10.15414/jmbfs.2017.7.2.128-131

Usuga, A., Rojano, B., & Restrepo, G. (2017). Effect of Seminal Plasma
Components on the Quality of Fresh and Cryopreserved Stallion Semen. Journal
of Equine Veterinary Science, 58, 103-111.
https://doi.org/10.1016/j.jevs.2017.09.005

Valsa, J., Skandhan, K. P., Khan, P. S., Avni, K. P. S., Amith, S., & Gondalia, M.
(2015). Calcium and magnesium in male reproductive system and in its secretion.
I. Level in normal human semen, seminal plasma and spermatozoa. Rivista
Urologia, 82(3), 174-178. https://doi.org/10.5301/urologia.5000039

Valsa, J., Skandhan, K. P., Sumangala, B., & Jaya, V. (2016). Time bound
changes (in 24h) in human sperm motility and level of calcium and magnesium in
seminal plasma. Alexandria Journal of Medicine, 52(3), 235-241.
https://doi.org/10.1016/j.ajme.2015.09.005

Waheed, M. M., Al-Eknah, M. M., & El-Bahr, S. M. (2011). Some biochemical
characteristics and preservation of epididymal camel spermatozoa (Camelus
dromedarius). Theriogenology, 76(6), 1126-1133.
https://doi.org/10.1016/j.theriogenology.2011.05.021

Wong, W. Y., Flik, G., Groenen, P. M. W., Swinkels, D. W., Thomas, C. M. G.,
Copius-Peereboom, J. H. J., Steegers-Theunissen, R. P. M. (2001). The impact of
calcium, magnesium, zinc, and copper in blood and seminal plasma on semen
parameters in  men. Reproductive  Toxicology, 15(2), 131-136.
https://doi.org/10.1016/50890-6238(01)00113-7



http://slovnik.azet.sk/preklad/anglicko-slovensky/?q=assecurate
https://doi.org/10.1016/j.anireprosci.2016.12.010
https://doi.org/10.1016/j.anireprosci.2016.11.003
https://doi.org/10.1080/03601234.2015.1011956
https://doi.org/10.1515/biolog-2017-0044
https://doi.org/10.4172/2167-0501.1000141
https://doi.org/10.1016/j.anireprosci.2008.04.013
https://doi.org/10.1016/j.envpol.2016.12.053
https://doi.org/10.1016/j.chemosphere.2016.10.090
https://doi.org/10.1016/j.anireprosci.2015.07.014
https://doi.org/10.1016/j.jevs.2017.05.012
https://doi.org/10.5661/rdr-vi-13
https://doi.org/10.5772/17943
https://doi.org/10.1016/j.theriogenology.2010.04.025
https://doi.org/10.1016/j.theriogenology.2005.11.015
https://doi.org/10.1016/0301-6226(94)90263-1
https://doi.org/10.1080/09712119.2014.928627
https://doi.org/
https://doi.org/10.1016/j.jevs.2017.09.005
https://doi.org/10.5301/urologia.5000039
https://doi.org/10.1016/j.ajme.2015.09.005
https://doi.org/10.1016/j.theriogenology.2011.05.021
https://doi.org/10.1016/s0890-6238(01)00113-7

