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Abstract

This study was conducted to evaluate the effects of different temperatures and doses on stallion sperm survival after 24 h and 48 h
short-term storage. Ejaculates from four warm-blooded stallions were used in this study. Ejaculates were collected by an open-ended
artificial vagina which separates fractions of semen into sterile plastic cups. Only the second and third fractions (spermatozoa-rich
fractions) were used to obtain spermatozoa for the experiment. Semen was diluted with INRA 96 extender to final concentrations
of 50, 100, 200 and 400x10°%p/ml. Diluted semen were stored at different temperatures (2, 4 or 8°C) for 24-48 h. After 24 h and 48 h
cooled storage, spermatozoon motility, abnormal spermatozoon ratio and membrane integrity were evaluated. According to results
the highest motility values (52.5% and 55%) were determined at 50 and 100 x10°sp/ml concentration at 4°C after 24 h cooled storage.
After 48 h of storage, the highest motility was obtained from semen stored at 8°C. Abnormal spermatozoon and membrane integrity
values were not significantly different after cooled storage. Consequently, it was determined that semen with 50 and 100 million
spermatozoa/ml concentration stored at 4°C for 24 h and semen with 50, 100, 200, 400 million spermatozoa/ml concentration stored
at 8°C for 48 h gave better results with respect to motility than the others.
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Farkli Doz ve Sicakliklarda Kisa Siireli Saklanan Aygir Spermasinin
in vitro Degerlendirilmesi

Ozet

Bu arastirma, farkli doz ve sicakliklarin (24-48 saat) aygir spermatozoonlarinin yasam kabiliyetleri Gizerine etkisini ortaya koymak
amaclanmistir. Calismada dort sicakkanli aygirdan alinan ejekilatlar kullaniimistir. Ejekilatlarnin alinmasi icin acik uglu suni vagina
kullaniimis ve buyolla sperma fraksiyonlar halinde cam kaplara alinmistir. Deney siiresince sadece 2. ve 3. fraksiyonlar (spermatozoondan
zengin fraksiyonlar) calismada kullaniimistir. Sperma INRA 96 sulandiricisi ile final yogunluk 50, 100, 200, 400x10° spermatozoa/
ml (sp/ml) olacak sekilde sulandiriimistir. Sulandirilan sperma 2°C, 4°C ve 8°C lik sicakliklarda 24-48 saat sureler ile saklanmistir. 24-
48 saatlik saklama sonrasi spermatozoon motilitesi, anormal spermatozoa ve membran bitiinligu yoninden muayene edilmistir.
Elde edilen sonuclara gore kisa stireli saklanan spermada 24. saat sonunda en yiiksek motilite degerleri (%52.5 ve %55) 4°C'de 50 ve
100 milyon yogunlukta elde edilmistir, 48. saat sonunda ise en yliksek motilite degerleri 8°C'de saklanan spermadan elde edilmistir.
Anormal spermatozoa ve membran bitinligu degderleri farklilik géstermemistir. Sonug olarak, 4°C’de 50 ve 100 milyon dozlarinda
24 saat saklamanin ve 8°C'de 50, 100, 200 ve 400 milyon dozlarinda 48 saat saklamanin digerlerine gére daha iyi sonuclar verdigi
tespit edilmistir.

Anahtar sozciikler: Aygir spermasi, Doz, Isi, Kisa siireli saklama, Spermanin in vitro degerlendirilmesi
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INTRODUCTION

Horse breeders rarely give importance to fertility as
selection criteria in mating, although many stallions do
not have enough features to be used for breeding. This has
resulted in stallions’ transferring undesirable performance
qualities to their offspring in the gene pool. Therefore,
significant differences were formed in semen qualities
of the stallions used for breeding. A winner stallion may
also be in the gene pool even though the stallion has poor
semen quality or the semen is not appropriate to use with
the advanced technology of semen processing techniques.
This has led the scientists’ dealing with stallions, to
come a long way in terms of assessment of all possibilities
to increase reproductive performance .

Stallions’ semen quality analyses are essential for
fertility to be maximised. There can also be changes from
poor to medium degree in ejaculates of stallions. These
changes are mainly caused by; season, semen collection
and processing techniques, semen collection frequency
and problems in spermatogenesis. Factors such as
maintenance-supply, semen collection procedures and
number of mares to be artificially inseminated; as well
as semen quality may effect fertility. The conventional
parameters in evaluation of unprocessed semen quality
are; amount, concentration, total number of spermatozoa
in ejaculate, motile spermatozoa rates, morphology of
spermatozoa and seminal pH 2,

Although short-term stored semen has wide range
of usage in livestock animals and horses, sufficient
implementation and optimum fertilisation rates have
not been reached yet. In studies performed, the main
step is related with storage of semen with an appropriate
extender and additives (antioxidants) in 4°C for 24 h B¢l
However, quite different and conflicting results are
obtained in motility, abnormal spermatozoa, membrane
integrity and fertilisation rates after storage "#. Seminal
plasma components provide membrane stability which
protects semen during cooling, freezing and thawing.
Changes in spermatozoon membrane reduce fertilising
ability of frozen thawed semen. Stabilising substances in
seminal plasma maintain membrane integrity and thus
freezability of spermatozoa. Addition of seminal plasma
from stallions with high post-thaw motility to semen from
stallions with low post-thaw motility improves membrane
integrity and progressive motility. Seminal plasma from
different stallions contain different amounts of components
which may be considered as a determining factor for
the ability of spermatozoa from each stallion to survive
cryopreservation. Individual differences influence seminal
plasma, causing diversity in cooling and freezing processes
by effecting the spermatozoa membrane integrity. Cryo-
preserving spermatozoa induces changes in the plasma
membrane. Removal of seminal plasma by centrifugation
before cryopreservation causes a premature capacitation

reaction when the semen is frozen. For that reason,
spermatozoa are unable to undergo the acrosome reaction
and complete fertilisation 329, Different diluents (INRA
82, lactose-EDTA, skimmed milk, skimmed milk-glucose,
sugar based or ionic diluents), different cryoprotectants
(Glycerol, Ethylene glycol, DMSO), different packaging
methods (ampoule, vial, 0.25 and 0.5 ml sequins, 4 ml
macrotube, 2.5 ml flat macrotube) and storage methods
(short and long-term) were used for storage of stallion
semen [10—12]_

This study contains reproductive biotechnologies
and preservation techniques. High fertility rates are
expected, by using biotechnological methods such as
transporting stored semen and artificial insemination
applications, in mares. Study is directed to cryopreservation
biotechnologies of sperm cells. Compared to other farm
animals, sufficient fertilisation rates cannot be obtained
from cooled-stored or frozen-stored stallion semen '3,
Fertilisation ability could be changed by semen concentra-
tion and storage temperature ®. Thus, to determine
the most effective semen concentrations and storage
temperatures, and accordingly to increase fertility; different
methods and techniques should be developed. In this
study, spermatological parameters of short-term stored
stallion semen with different doses at different tempera-
tures were obtained. For this reason, spermatozoa integrity
and fertilisation ability can vary in accordance with
spermatozoa concentration and temperature of storage.
With this respect, in vitro integrity and fertilization ability
of stallion semen was aimed to be evaluated.

MATERIAL and METHODS

This study was performed in horse farms in Mahmudiye-
Eskisehir and the laboratory of Reproduction and Artificial
Insemination, Faculty of Veterinary Medicine Ankara
University. Materials for the study were obtained from
the horse farms around the area and Dortnal Veterinary
Clinic’s horses and 4 European warm-blooded stallions
were used. The stallions were fed twice a day with 12 h
intervals. Depending on the stallions’ performance and the
number of copulations, an average of 5 kg of pellet feed
were given to each stallion. In addition, 2 kg clover and
2 kg dry grass were given per day. Stallions were allowed
to wonder around the paddock approximately 8 h per
day, no additional exercises were done. The experimental
procedures were approved by the Animal Experiments
Local Ethics Committee of Ankara University (No: 2008-
29-138).

Semen was collected daily from stallions for 3 days in
order to empty the extragonadal semen reserves at the
beginning of the research and during breeding season
(April-May). After 2 days of sexual resting, a total of 16
ejaculates, separated into fractions, were collected by open-
ended artificial vagina, from each stallion twice a week.
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The spermatozoa used for short-term storage were
taken from the second and third fractions (spermatozoa
rich fractions). For this purpose, only the second and
third fractions were collected into the collection tube.
The collected semen was diluted with skimmed-milk
glucose extender with a ratio of 1:1. Extended semen was
centrifuged twice at room temperature at 500 G for 10
min to separate seminal plasma. With the pellet that was
obtained, concentrations were determined and using
the INRA 96 extender, the pellets were extended to 50,
100, 200, 400x10° sp/ml.

The semen that was extended with INRA 96 extender
was separated into 3 equal parts to be short-term stored
and they were kept at 2, 4 and 8°C for 48 h. With reference
to this, 12 trial groups including different semen doses (50,
100, 200, 400x10° and different temperatures (2, 4 and
8°C) were formed. After the dilution process, the semen
was put in equal volume closed-end glass tubes and
these were stored for 48 h. Evaluations of spermatological
parameters were conducted at 0. 24. and 48. h in order
for the spermatozoa fertilization abilities to be presented.
Before the spermatological inspections, the short-term
stored semen was put into 37°C water for 5 min. After that
process, spermatozoa motility, abnormal spermatozoa
ratio and membrane integrity were evaluated. Spermato-
zoa motility was evaluated subjectively and in percentage
by 3 microscope fields scanned by 2 different observers
on a microscope with heating plate (10x20) .,

Abnormal spermatozoa ratios were determined
by eosin staining method. For this purpose, samples taken
from the semen were put into 3% sodium citrate, which
has 2% eosin in dilution. Smears were taken from each
sample and examined with a light microscope (400x).
In different microscopic area, at least 200 spermatozoa
were counted and abnormal spermatozoa ratio were
noted as percentage Pl

Hypoosmotic swelling test (HOS) was performed in
order to determine membrane integrity. For this purpose,
100 mikroliters semen was added to 1 ml lactose solution
and then incubated at 37°C for 30 min. After the incubation,
at least 100 spermatozoa were evaluated at the microscope
according to their tail curling and membrane integrity. Each
experimental group (dilution ratios and temperatures)
were evaluated 3 times.

The data was analysed with General Linear Model
(GLM) method in order to reveal the effect of different
temperatures and different semen concentrations on
some of the spermatological properties. Analysis of the
temperature and concentration of each spermatological
parameter were carried out with one way analysis of
variance (ANOVA). The degree of significance, among
experimental groups, was determined as P<0.05. SPSS
10.0 programme which runs under Windows software
was used for the analysis.

RESULTS

Semen’s fertilization ability was presented by biometrical
evaluation of the data. The effect of different temperatures
and different spermatozoa concentrations on some
spermatological parameters were presented in Table 1.

Accordingly, significant differences in spermatozoa
motility, abnormal spermatozoa ratio and membrane
integrity were determined right after dilution (0. hour);
and similar results were obtained for all 4 concentrations.
Similar to this, even though no significant differences were
observed after 24 h of storage in all 3 different temperatures;
the different temperatures displayed differences in
motility within themselves and these differences were
found statistically significant. Accordingly, highest motility
(50.00%) was observed in semen containing 100 million
spermatozoa after storage in 2°C for 24 h. However,
abnormal spermatozoa and membrane integrity was not
significantly different. Similarly, when the properties of
semen stored at 4°C were evaluated, significant decrease
of motility from 30.00% to 24.00% was determined
in concentrated semen at a concentration of 200 and
400x10° sp/ml. Whereas, semen storage performed at 8°C
for 24 h, at a concentration of 50 and 100x10° sp/ml has
been detected to have higher motility values with respect
to more concentrated semen samples. No significant
differences in abnormal spermatozoa ratio and membrane
integrity were observed.

When the data obtained from storage of semen for 48
h was evaluated, in all 3 temperature degrees the semen
quality was found to be decreased; resulting in decrease of
spermatozoa motility, increase of abnormal spermatozoa
ratio and decrease of membrane integrity.

When the temperatures were considered, in contrast to
what was expected after storage for 48 h, the highest motility
values were obtained from semen stored at 8°C. Similarly,
membrane integrity values were higher compared to the
other temperatures. However, no difference in abnormal
spermatozoa ratios was observed. When all temperature
values were evaluated, there was no difference in
spermatological properties of different concentrations
of semen stored at 2°C, semen including 100 million
spermatozoa was found to have the highest motility value
(30%). On the other hand, even though semen stored
at 8°C shows differences when compared with other
temperatures, samples of different concentrations had no
differences in spermatological properties. However, after
48 h of storage the highest motility and membrane integrity
values were obtained with 8°C.

DISCUSSION

In this study, after storage at 4°C for 24 h the highest
motility values of 52.5% and 55% were recorded. The highest
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Table 1. Effect of different storage temperatures and spermatozoa concentrations on quality of semen

Tablo 1. Farkli saklama sicakliklarinin ve spermatozoon yogunluklarinin sperma kalitesi lizerine etkisi

Time Temperature Concentration Sperr.n.atozoa Abnormal Meml.arane
(x10°sp/ml) Motility (%) Spermatozoa (%) Integrity (%)
50 67.5+0.10 46.5+2.12 51.3+8.83
Room temperature 100 62.5+0.10 48.0+1.41 50.7+6.15
0. hour after dilution
(20°0) 200 67.5+0.35 52.5+3.53 57.9+1.27
400 68.0+0.01 47.5+0.70 52.9+1.55
50 47.5+0.35b 76.5+2.12 36.5+12.0
100 50.0+0.07 b 75.0+1.41 31.0+8.48
2°C a 200 40.0+0.01a 77.0+4.24 33.547.77
400 40.0+0.01 a 80.5+6.36 325417.6
50 525+0.10 a 73.0+0.01 27.549.19
100 55.0+0.21 a 75.0+2.01 31.0+5.65
24. hour 4°Ca 200 30.5+0.17 b 74.0+1.65 21.0+7.07
400 24.5+0.24 b 79.0+3.76 2454134
50 35.0+0.07 a 82.0+4.24 35.5+3.53
100 40.0+0.07 a 75.5+7.77 39.3+9.47
8Ca 200 45.0+0.21b 81.5+3.53 32.547.77
400 47.5+0.03 b 77.0+1.41 34.5+0.70
50 30.0+0.00 91.5+2.12 11.5+4.94
100 25.0+0.07 87.5+0.70 18.5+9.19
2°C a 200 25.0+0.00 91.0+8.48 19.542.12
400 30.0+0.00 97.0+4.24 15.0+9.89
50 22.5+0.03 a 92.0+4.24 18.0+2.10
100 30.0+0.14 b 84.0+1.41 13.0+3.36
48. hour 4°Ca 200 20.0+0.28 a 94.0+2.94 17.0+3.03
400 225+0.31a 97.0+2.02 18.0+5.20
50 35.0+0.07 91.0+7.07 25.0+4.44
100 30.0+0.10 96.0+2.82 2154120
8°Ch 200 40.0+0.15 97.0+1.41 24.0+8.48
400 40.0+0.22 96.0+5.65 28.0+11.3
a, b: The difference of group averages in the same column between different letters are significant (P<0.05)

motility rates of the groups stored for 48 h were noted
at 8°C. Among the groups, abnormal spermatozoa
and membrane integrity values were not significantly
different. According to results, semen stored at 4°C in 50
and 100 million doses for 24 h and semen stored at 8°C in 50,
100, 200, 400 million doses for 48 h were observed to have
better results compared to the other groups.

Many methods on short-term storage of stallion semen
have been tested and it was notified that especially genetic
biological differences and differences depending on the
method effect spermatozoa’s fertilisation ability. Some
parameters such as extenders, dilution ratios and storage
temperature differences have been reported to effect
success by different researchers B0 Similar to this,
the research determined that in examinations performed
after dilution ratio or spermatozoa concentration does not
effect spermatological properties.

Evaluations after 24 h of storage for semen revealed
that high dilution rates and low concentrations gave
high motility values at 2°C and 4°C, in this case fertility
rates can be higher at 2°C or 4°C with concentrations of
50 and 100 million semen. In contrast it was determined
that 24 h of storage in low dilution rates at 8°C have more
successful results. According to these results, high fertility
rates can be obtained from semen stored at 8°C with
200 million or 400 million concentrations. Evaluations after
48 h of storage indicate that semen samples at 2°C and 4°C
have low motility values. Conversely, semen stored at 8°C
with low dilution rates or high semen concentirations (200
and 400x10° sp/ml) gave high motility and membrane
integrity values. It was concluded that high fertility rates
could be obtained at 8°C compared to 2°C and 4°C at 48 h
storage of semen.

Results suggest that there may be an interaction
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between semen concentration and storage temperature.
Because high concentrated samples have low motility
values at low temperatures (2°C and 4°C) whereas
same samples have high motility values at a higher
temperature (8°C).

Stallion ejaculation consists of 5 to 8 fractions and
these fractions have different compositions because they
contain secretions from different accessorial glands ',
It has been reported that the reduce of seminal plasma
rates increase the motility in semen cryopreservation 1131617,
It has been found that seminal plasma proteins increase
the resistance of spermatozoa 8. Similarly, Ivamoto et
all"™ detected that seminal plasma protects semen more
efficiently against cold shock. Besides, structural differences
in seminal plasma, which consists of individual differences
between stallions, increase resistance of spermatozoa 8%,
Likewise, Aurich et al." stated that addition of seminal
plasma from stallions with high post-thaw motility to semen
from stallions with low post-thaw motility significantly
improved membrane integrity and progressive motility.
Varner et al.l'! reported that seminal plasma obtained
from spermatozoon-rich fraction reaped a benefit more
than whole ejaculates. A similar result was obtained by
Katila et al.' although different ejaculations’ effect on
spermatozoon have not been revealed yet. Akcay et al.™
indicated that last fraction (gel fraction) was essentially
important for spermatozoa and also stated that, sperm
plasma membranes suffer no obvious damage as the
highest membrane integrity values were obtained in skim
milk glucose extender. The results in the study suggest
that sperm from different stallions differ in their sensitivity
to the absence of seminal plasma in skim milk extender.
The results also indicate that skim milk glucose extender
provides protection for sperm membrane integrity but
does not effectively protect motility. Conversely Moore
et al® reported that, seminal plasma did not affect sperm
motility, viability or acrosomal integrity.

In this study, it was observed that stallion semen
samples stored at 4°Cfor 24 h, containing the last fraction of
seminal plasma, have better spermatozoa parameters. The
seminal plasma proteins increase spermatozoa resistance
and protect the spermatozoa against cold shock.

As a result, after the examination of samples
immediately after dilution (0 h), no significant difference
was observed. Additionally when analyzing the 24 h
data, only temperatures among themselves, showed
statistically differences in motility (P<0.05). After the
evaluation of 48 h stored semen samples, decrease in
semen quality in all three temperatures, and accordingly,
reduction in semen motility, increase in the rate of
abnormal spermatozoa and membrane integrity have
been observed. However, after 48 h storage, some
interesting results were obtained; when temperatures
were compared, highest values of motility and membrane
integrity were seen at 8°C. If semen is to be kept for

48 h, 8°C should be preffered in order to increase fertility
rates.

In this context, the current research will be an initial
step for the next studies on short-term storage of semen
in horses. However, this research is based on in vitro
examinations. Considerably actual results may be taken
after in vivo evaluations. Thus, studies must be repeated
in different ways for a successful storage protocol. Beside
increasing the number of animals, storage of different
breeds’ stallion semen is important for future studies.
More reliable results can be obtained, by having fertility
rates of artificial insemination done with fresh or short-
term stored semen and comparison of horse breeds and
horses individually. If the semen is to be kept for a longer
time, higher temperatures (i.e. 8°C) should be preferred.
There are no differences among temperature rates when
semen is stored for 24 h, even though it can be observed
that higher temperatures (i.e. 8°C) give better results when
storage period lengthens.

REFERENCES

1. Loomis PR: Advanced methods for handling and preparation of
stallion semen. Vet Clin North Am: Equine Pract, 22, 663-676, 2006. DOI:
10.1016/j.cveq.2006.07.002

2. Malmgren L: Effectiveness of two systems for transporting equine
semen. Theriogenology, 50, 833-839, 1998. DOI: 10.1016/50093-
691x(98)00188-5

3. Moore Al, Squires EL, Graham JK: Effect of seminal plasma on the
cryopreservation of equine spermatozoa. Theriogenology, 63, 2372-2381,
2005. DOI: 10.1016/j.theriogenology.2004.05.032

4. Squires EL, Carnevale EM, Mccue PM, Bruemmer JE: Embryo
technologies in the horse. Theriogenology, 59, 151-170, 2003. DOI: 10.1016/
S0093-691X(02)01268-2

5. Tekin N, Wockener A, Klug E: Effect of two different diluents and
storage temperatures on the viability of stallion semen. Deutsche
Tierarztliche Wochenschrift, 96, 258-265, 1989.

6. Wessel MT, Ball BA: Step-wise dilution for removal of glycerol from
fresh and cryopreserved equine spermatozoa. Anim Reprod Sci, 84, 147-
156, 2004. DOI: 10.1016/j.anireprosci.2003.12.004

7. Crockett EC, Graham JK, Bruemmer JE, Squires EL: Effect of
cooling of equine spermatozoa before freezing on post-thaw motility:
Preliminary results. Theriogenology, 55, 793-803, 2001. DOI: 10.1016/
S0093-691X(01)00444-7

8. Vidament M, Yvon JM, Couty |, Arnoud G, Nquekom-Feugang
J, Noue P, Cottron S, Le Tellier A, Noel F, Palmer E, Magistrini M:
Advances in cryopreservation of stallion semen in modified INRA82.
Anim Reprod Sci, 68, 201-218,2001. DOI: 10.1016/50378-4320(01)00157-9

9. Akcay E, Reilas T, Andersson M, Katila T: Effect of seminal plasma
fractions on stallion sperm survival after cooled storage. J Vet Med
Series A: Physiol Pathol Clin Med, 53, 481-485, 2006. DOI: 10.1111/j.1439-
0442.2006.00882.x

10. Aurich JE, Kuhne A, Hoppe H, Aurich C: Seminal plasma affects
membrane integrity and motility of equine spermatozoa after cryo-
preservation. Theriogenology, 46, 791-797, 1996. DOI: 10.1016/S0093-
691x(96)00237-3

11. Katila T, Andersson A, Reilas T, Koskinen E: Post-thaw motility

and viability of fractionated and frozen stallion ejaculates. Theriogenology,
58, 241-244, 2002.

12. Kenney RM, Bergman RV, Cooper WL, Morse GW: Minimal
contamination techniques for breeding mares: Techniques and


http://www.sciencedirect.com/science/article/pii/S0749073906000502
http://www.sciencedirect.com/science/article/pii/S0093691X98001885
http://www.sciencedirect.com/science/article/pii/S0093691X04003796
http://www.sciencedirect.com/science/article/pii/S0093691X02012682
http://www.sciencedirect.com/science/article/pii/S0378432003002628
http://www.sciencedirect.com/science/article/pii/S0093691X01004447
http://www.sciencedirect.com/science/article/pii/S0378432001001579
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0442.2006.00882.x/abstract
http://www.sciencedirect.com/science/article/pii/S0093691X96002373

544
In vitro Evaluation of Short- ...

preliminary findings. In, Proc Ann Conv Am Assoc Equine Pract, 21, 327-
336, 1975.

13. Pickett BW, Sullivan JJ, Byers WW, Pace MM, Remmenga EE: Effect
of centrifugation and seminal plasma on motility and fertility of stallion
and bull spermatozoa. Fertil Steril, 26, 167-174, 1975.

14. Kosiniak K: Characteristics of the successive jets of ejaculated
semen of stallions. J Reprod Fertil, 23, 59-61, 1975.

15. Magistrini M, Lindeberg H, Koskinen E, Beau P, Sequin F:
Biophysical and 1TH magnetic resonance spectroscopy characteristics
of fractionated stallion ejeculates. J Reprod Fertil, 56, 101-110, 2000.

16. Jasko DJ, Moran DM, Farlin ME, Squires EL: Effect of seminal
plasma dilution or removal on spermatozoal motion characteristics
of cooled stallion semen. Theriogenology, 35, 1059-1067, 1991. DOI:
10.1016/0093-691X(91)90354-G

17. Varner DD, Blanchard TL, Love CL, Garcia MC, Kenny RM: Effects of
semen fractionation and dilution ratio on equine spermatozoal motility
parameters. Theriogenology, 28, 709-718, 1987. DOI: 10.1016/0093-
691X(87)90288-3

18. Amann RP, Cristanelli MJ, Squires EL: Proteins in seminal plasma.
J Reprod Fertil, 35, 113-120, 1987.

19. lwamoto T, Tsang A, Luterman M, Dickson J, De Lamirande E,
Okuno M, Mohri E, Gangon C: Purification and characterization of
a sperm motility-dynein ATPase inhibitor from boar seminal plasma.
Molecular Reproduction and Development, 31, 55-62, 1992. DOI: 10.1002/
mrd.1080310110

20. Brinsko SP, Crockett EC, Squires EL: Effect of centrifugation and
partial removal of seminal plasma on equine spermatozoal motility after
cooling and storage. Theriogenology, 54, 129-136, 2000. DOI: 10.1016/
S0093-691X(00)00331-9


http://www.ncbi.nlm.nih.gov/pubmed/1126461
http://www.ncbi.nlm.nih.gov/pubmed/1060850
http://www.ncbi.nlm.nih.gov/pubmed/20681121
http://www.sciencedirect.com/science/article/pii/0093691X9190354G
http://www.sciencedirect.com/science/article/pii/0093691X87902883
http://onlinelibrary.wiley.com/doi/10.1002/mrd.1080310110/abstract
http://www.sciencedirect.com/science/article/pii/S0093691X00003319



